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ABSTRACT 

Potassium (K) is an essential element for crop production. Proper potassium 

nutrition is critical for maximizing rice grain yields. Timing of K fertilizer application 

is an important management tool in maximizing K use efficiency. Maximum 

efficiency is acquired when K
+
 is applied so as to be available for uptake by the plants 

as needed. Unbalanced potassium fertilization has negative effects on crop quality and 

on crop resistance to pests and diseases. The purpose of the present study was to 

evaluate the effect of potassium on growth and yield of rice and to find out the best 

suited scheme / timing of potassium fertilizer application for rice crop. With this 

regard, pot experiments were conducted at the screen house of Department of Soil and 

Water Science, Yezin Agricultural University during the dry and wet season of 2014. 

In this investigation, a recommended dose of potassium fertilizer (37 kg ha
-1

) was 

used and eight treatments i.e. T1 (all potash applied as basal), T2 (all potash applied at 

25 DAT), T3 (all potash applied at 45 DAT), T4 (½ potash applied as basal and 

remaining ½ at 25 DAT), T5 (½ potash applied as basal and remaining ½ at 45 DAT), 

T6 (½ potash applied at 25 DAT and remaining ½ at 45 DAT), T7 (1/3 potash applied 

as basal, 1/3 at 25 DAT and remaining 1/3 at 45 DAT) and T8 (Control - no K 

applied) were performed. 

Base on the two season results, yield and yield components with potassium 

use efficiency were responded to different time of potassium fertilizer application. T6 

(½ potash applied at 25 DAT and remaining ½ at 45 DAT) and T2 (all potash applied 

at 25 DAT) produced more grain yield in both seasons. Lower grain yield was 

achieved at control and only basal application treatments. The greater potassium use 

efficiency was obtained by the application of potash at 25 DAT and two splits at 25 

DAT and 45 DAT treatments. According to the results of this study, basal application 

of potash (traditional method) can be replaced by a late application of potash at 25 

DAT and two equal split applications of potash at 25 DAT and 45 DAT can be 

promoted for getting maximum benefit. However, further investigations should be 

conducted to confirm the effect of potassium at field level. 

Key words: Potassium, fertilizer management, split application, rice yield 
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CHAPTER I 

INTRODUCTION 

Rice (Oryza sativa L.) is the most important food crop of the world and the 

staple food of more than 3 billion people or more than half of the world‟s population. 

Rice is grown in more than a hundred countries with a total harvested area of about 

160 million hectares, producing more than 700 million tons every year (IRRI 2010). 

About 1 billion households depend on rice cultivation for employment and their main 

source of livelihood (Shimamura 2005). 

The world population is expanding rapidly and will pass from its current 

number of 7.0 billion to 9.4 billion by the year 2050 (United States Census Bureau 

2012). To provide enough food for an expanding world population, a massive increase 

in crop production is required to meet the food demands of future generations, while 

preserving the ecological and energy-related resources of our planet (Wang et al. 

2013).  

Rice is the most extensively cultivated cereal crop in Myanmar, which covers 

about 37.23% of total cropped area. The area and production of rice in the country 

were 7.7 million hectares, comprising 6.6 million hectares under monsoon rice and 

1.1 million hectares under summer rice and 29.01 million metric tons, respectively 

with an average yield of 3.83 MT/ha in 2011-2012 (MOAI 2012). Although the soil 

and climatic conditions of Myanmar are favorable for rice cultivation throughout the 

year, the average yield is lower than the other rice growing countries of the world. 

Therefore, emphasis should be given to increase the yield of rice through the adoption 

of proper variety and fertilizer management along with other improved technology 

and management practices. 

Many factors are responsible for increasing yield and quality of crops. Among 

these, proper and balanced application of fertilizers is one of the most important 

factors contributing towards higher productivity (Ahmad et al. 1994). Judicious and 

proper use of fertilizers can noticeably increase the yield and improve the quality of 

rice. The practice of correct dosage and timely application of fertilizer nutrients plays 

an important role in efficient use of fertilizers (Awan et al. 2007).   

The imbalanced and inadequate application of fertilizers has serious 

repercussions for efficacy of the applied fertilizers. Balanced, integrated and efficient 



2 
 

use of fertilizers, among other inputs, has tremendous potential to increase crop 

productivity. Development of practices to improve the efficiency of nutrients requires 

an understanding of the fate of the applied nutrient and their effect on crop 

production. Greater opportunities exist for increased crop production by increasing 

rate, timing and improving management of mineral fertilizers (Ravichandran and 

Sriramachandrasekharan 2011). 

Potassium (K) is one of the three pillars of balanced fertilizer use, along with 

N and P. It is necessary to continually emphasize the role and importance of K in crop 

production as a balanced fertilizer use to produce ever increasing requirement of food, 

fiber and other farm based commodities. Most crops take up as much or more K than 

N (Ravichandran and Sriramachandrasekharan 2011). Potassium is required in high 

amounts to maintain adequate crop growth (Mengel and Kirkby, 2001); (Singh and 

Wanjari 2014). As the global population and food production has grown, so the total 

amount of potassium removed from farmland has also increased, and this has to be 

replaced to maintain the fertility and productive capacity of the soil. This 

replenishment plays a vital role in supporting sustainable global food security (IPI 

2014). 

Potassium has essential functions in osmoregulation, enzyme activation, 

regulation of cellular pH, cellular cation-anion balance, regulation of transpiration by 

stomata, and the transport of assimilates (Dobermann and Fairhurst 2000). Potassium 

plays a major role in the ability of plants to tolerate externally induced stress, such as 

drought, frost, high light levels and attack from pests and disease (IPI 2014). K 

increases the number of spikelets per panicle, percentage of filled grains, and 1,000-

grain weight (Dobermann and Fairhurst 2000).  

Proper K nutrition in rice encourages tillering, panicle development, spikelet 

fertility, leaf area and leaf longevity and promotes plant uptake of N and P, disease 

resistance, root elongation and thickness, culm (stem) thickness and strength and 

resistance to lodging (Haifa 2008).        

Sound soil fertility management involves the use of potassium in proper 

relationship to inputs of the other macronutrients such as nitrogen (N), phosphorous 

(P) and sulphur (S). The concept of integrated plant nutrient management integrates 

all other production factors in order to maintain soil fertility and productivity, to 
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prevent land degradation and desertification, to alleviate soil nutrient mining and 

prevent erosion. Without adequate potassium, the full potential benefits of 

investments in the other major fertilizer nutrients and the other essential crop 

production inputs such as water are at risk. Potassium encourages more efficient 

nutrient utilization by plants, which in turn contributes to economic viability, 

improved ecological conditions and sustainable agriculture (MMSD 2002).   

The amount of K fixed increases with added K, whereas the present K fixed 

relative to total added K decreases (Bouabid et al. 1991); (Awan 2007). Fixation of K 

fertilizers may affect its recovery to crops. About 23 to 86 % of the applied K can be 

fixed and its fixation increases with increasing clay contents, lime and amount of K 

applied (Mehdi and Ranjha 1995); (Manzoor et al. 2008). 

  One of the reasons of low efficiency of fertilizer for enhancing crop 

productivity is imbalance use of applied nutrients. Problem of K fixation can be 

reduced to some extent and efficiency may be improved by different K application 

methods. Also sources of K and their time of application may affect the K recovery 

(Manzoor et al. 2008). At times, the indiscriminate and improper application with 

unfavorable conditions may not provide adequate nutrients supply because of its poor 

absorption and translocation in plant system.  

Unbalanced potassium fertilization has negative effects on crop quality and on 

crop resistance to pests and diseases. Insufficient potash application results in a 

significant depletion  of  soil  potash  reserves,  yield  loss  and  a  higher  economic  

risk  for  farmers (MMSD 2002). Application time of K-fertilizers is important to 

ensure that adequate amounts of K
+
 are present in the soil solution when crop uptake 

rates are at maxima, and also to avoid losses of K by leaching. Split applications have 

resulted in higher yields in Japan, China, and India (Cooke 1986). 

Generally splitting the total dressing into three gave the best results in both the 

dry and wet season; the times were: one-third basal before transplanting, one-third 20 

days after transplanting, and the remaining third at panicle initiation (Cooke 1986). 

Applying K in three splits at transplanting, active tillering, and panicle initiation; or 

two splits at transplanting, and active tillering stages, gave the best yields. These gains 

were related to the maintenance of high concentrations of K in the plants. It appeared 

that the soil had sufficient K to support the initial growth of the rice but later 
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applications were essential to maintain the concentrations (Cooke 1986); (Ram and 

Parasad 1985). 

Significantly higher yield of rice have been reported due to split application 

rather than single application (Das et al. 1975); (Singh and Singh 1978). Split 

application  of  K  gave  20%  more  yield  than  that  of  full  dose  applied  at 

transplanting (Ismunadji 1976).  Fertilizer K should be applied in rice crops in such a 

way that minimum is lost through leaching and maximum is utilized for plant growth 

and grain production. In order to increase the use efficiency and reduce loss of K, it 

should be applied in split at various phases of plant growth and development (Uddin 

et al. 2012a). A little information is available on the effectiveness of split application 

of K fertilizer in rice cultivation in Myanmar. 

Therefore, keeping in mind the importance and significance of K in rice 

production, this research was initiated with the following objectives; 

i. To evaluate the effect of potassium on growth and yield of rice, 

ii. To find out the best suited scheme / timing of potassium fertilizer 

application for rice crop. 
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CHAPTER II 

LITERATURE REVIEW 

2.1 Potassium 

Potassium (K) is an essential element for all life. It is considered the major 

nutrient element for plants because its use as fertilizers is more widespread and in 

greater amounts than other elements. Potassium is abundant in nature and occurs in 

considerable total amounts in most soils (Fageria 2009). In lowland and upland rice, 

uptake of K
+
 is higher than N uptake (Fageria 2001); (Fageria and Baligar 2001); 

(Fageria et al. 2003). Crop yields have significantly increased in the last few decades 

in developed as well as developing countries through the introduction of modern 

production technologies; as a result, supplies of K
+ 

in the soils are rapidly exhausted 

(Fageria 2009). Many soils of the tropical and temperate regions are unable to supply 

sufficient K
+
 to field crops (Fageria 1989). Moreover, in many crops, maximum 

amount of K
+
 is retained in the straw (Fageria et al. 1990b). Supply of adequate K

+
 

rate for field crop production is essential not only to increase productivity but also to 

reduce the cost of crop production, reduce environmental pollution, and maximize 

efficiency of K
+
 use.  

 

2.1.1 Forms of Potassium in Soil 

 Among the major plant nutrients, potassium is the most abundant plant 

nutrient in soils. It constitutes an average of 1.9% of the earth's crust. Potassium is 

known to exist in four different forms, namely; structural (mineral) 5000 to 25,000 

mg kg
-1

, non-exchangeable (fixed or difficultly available) 50-750 mg kg
-1

, 

exchangeable 40-600 mg kg
-1

 and water-soluble forms 1-10 mg kg
-1

 (Tisdale et al. 

1985).  

Amount of K present in all the forms was lowest in kaolinite dominant red and 

lateritic soils due to predominance of kaolinitic clay minerals which cannot fix K and 

also have low cation exchange capacity (CEC). Water soluble and exchangeable K 

were highest in smectite dominant black soils which was due to presence of minerals 

with less K fixing power and these soils showed considerable variation in the status of 

different forms of K though the soils have same family of mineralogy 

(montmorillonite). Whereas, non-exchangeable and exchangeable K and total K were 
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highest in illite and mica dominant alluvial soils (Ravichandra and 

Sriramachandrasekharan 2011). Generally, there is essentially no organic form of K in 

soils. Potassium contained in manures and crop residues returned to soils is rapidly 

leached out of the organic material and is dissolved in the soil solution, where it can 

react with the clay minerals (Parasad and Power 1997).  

In soils with low levels of both exchangeable and non-exchangeable K, K 

application must be done to achieve full yield potential of crops (Srinivasa Rao et al., 

2010). Due to larger contribution of non-exchangeable K to plant K needs, lack of 

crop responses to applied K have been reported even in soils with low exchangeable 

K. The major sources of non-exchangeable K in soils are K rich 2:1 clay minerals 

such as micas and vermiculite. Continuous and adequate K nutrition of plants depends 

not only on the amount of plant available K in soils but also on its rate of release to 

the soil solution (Ravichandran and Sriramachandrasekharan 2011).  

The amount of potassium present in the soil solution is often smaller than the 

crop requirement for potassium. Hence continuous renewal of potassium in the soil 

solution for adequate nutrition of high yielding varieties of rice is obvious (Bijay-

Singh et al. 2004). K concentration of soil solution directly controls the K-supply to 

the plant. 

 

2.1.2 Potassium Functions in Plants 

 Potassium is abundant in the soil/plant system and is unique among the basic 

plant nutrients in its multi-functional contribution to plant metabolic processes. The 

interaction of K with plant systems and constituents is varied and extensive (Bailey et 

al. 1993). Potassium plays many vital roles in crop plants such as K
+
 increases root 

growth and improves water and nutrient uptake, aids in photosynthesis and food 

formation, helps translocation of sugars and starch, produces grain rich in starch and 

increases the protein content of plants (Fageria and Gheyi 1999). K
+
 is intimately 

involved in the opening and closing of stomata. K not only can increase the resistance 

of plant tissues, but it also reduces fungal populations in the soil, reduce their 

pathogenicity, and promote more rapid healing of injuries (Huber and Arny 1985). K
+
 

builds cellulose and reduces lodging. Plants well supplied with potassium lose less 
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water since K maintains turgor and has a positive influence on stomata closure as 

well.  

 Potassium is required to activate at least 60 different enzymes involved in 

plant growth and metabolism (Anon 1987). K is also essential to the performance of 

multiple plant enzyme functions, and it regulates the metabolite pattern of higher 

plants, ultimately changing metabolite concentrations (Marschner 2012); (Mengel 

2001). K is also essential for the translocation of photoassimilates in root growth 

(Romheld and Kirkby 2010). Translocation of sugars uses energy from ATP that 

requires K for its synthesis. Sugar translocation is greatly reduced in K-deficient 

plants (Havlin et al. 2014). K addition had a positive effect on plant size and canopy 

cover (Davis 1994).  

 K provides strength to plant cells walls and is involved in the lignification of 

sclerenchyma tissues. On the whole-plant level, K increases leaf area and leaf 

chlorophyll content, delay leaf senescence, and therefore contributes to greater canopy 

photosynthesis and crop growth (Dobermann and Fairhurst 2000). Potassium plays 

several roles in plant metabolism, and to perform these roles positively, it should 

interact positively with other essential nutrients (Dibb and Thomson 1985). Increased 

K allowed for rapid assimilation of absorbed NH4
+
 ions in the plant, maintaining a 

low, nontoxic level of NH3 (Dibb and Welch 1976). Increased yield of crops with the 

addition of N and P requires higher level of K in the soil (Dibb and Thomson 1985); 

(Fageria et al., 1997a, 1997b). Furthermore, Fe2
+
 toxicity in flooded rice reduced with 

the addition of adequate rate of K
+
 in the soil (Fageria 1984). 

 The maintenance of adequate K nutrition is critical for mitigating or 

preventing damage by drought stress and controlling the water balance (Abdel Wahab 

and Abd-Alla 1995). An adequate K status may facilitate osmotic adjustment, which 

maintains higher turgor pressure, relative water content and lower osmotic potential, 

thus improving the ability of plants to tolerate drought stress (Egilla et. al. 2005); 

(Kant and Kafkafi 2002). K deficient plants are less able to withstand water stress, 

mostly because of their inability to fully utilize available water (Havlin et al. 2014).  

Fine K nutrition not only increased plant total dry mass and leaf area, but also 

improved the water retention in plant tissues under drought stress (Lindhauer 1985).    
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2.1.3 Soil Potassium Cycle 

The earth's crust has an average potassium content of 2.6 percent. Parent 

materials and youthful soils could easily contain in a plow layer 40,000 to 50,000 

pounds per acre, or kilograms per hectare. The potassium content below the plow 

layer could be similar (Foth 1990). The soil mineralogy has a profound influence on 

the potassium cycle in soil - plant systems (Fageria 2009). Micas, especially biotite, 

weather faster and release their potassium much more readily than do feldspars. The 

feldspars tend to exist as larger particles than micas, with the feldspars largely in the 

sand and silt and the micas in silt and clay fractions. Weathering of feldspar results in 

the dissolution of the feldspar crystal and release of K
+
 to the soil solution. The 

potassium in micas is interlayer potassium.  Weathering of micas results in the 

migration of K
+
 out of the interlayer space along the edge of weathering mica 

particles. The K
+
 appears in the soil solution or is adsorbed onto a cation exchange 

site (Foth 1990). 

Potassium, like N, is not easily lost from soil-plant systems and unlike P, is 

not immobilized in the soil. The main K
+
 addition sources for plant growth are 

chemical fertilizers, crop residues, organic manures and K
+ 

- bearing minerals 

(Fageria 2009). The majority of K
+
 moves to plant roots by diffusion (Bertsch and 

Thomas 1985). Hence, nonexchangeable K
+
 and mineral K

+
 are the major K

+
 forms in 

the soil – plant system. Potassium ions move from one category to another whenever 

the removal or addition of K
+ 

disturbs the equilibrium within this soil K
+
 pool 

(Fageria et al. 2003). The ability of a soil to replenish solution K
+
 is dependent on the 

transformations between the various labile K
+
 forms and the nature of their respective 

equilibrium with the soil solution (Bertsch and Thomas 1985). 

Potassium fixation is affected by the equilibrium conditions in the soil and soil 

drying and wetting. The application of potassium fertilizer greatly increases the 

amount of solution potassium. Drying the soil at this time results in increased 

concentration of K
+
 in the soil solution at the edges of clay particles and the 

movement of potassium into the interlayer spaces, where it becomes entrapped or 

fixed. By contrast, soon after the harvest of a crop, the concentration of K
+
 in the soil 

solution is low (Foth 1990).  

 



9 
 

2.2 Importance of Rice 

 Rice is one of the world‟s most important food grains.  Globally, no food grain 

is more important than rice from a nutritional perspective, a food security perspective, 

or an economic perspective (Coats 2003). As a cereal grain, rice is the predominant 

staple food for 17 countries in Asia and the Pacific, 9 countries in North and South 

America and 8 countries in Africa. It is the grain with the second-highest worldwide 

production, after maize (FAO 2004). Rice is normally grown as an annual plant, 

although in tropical areas it can survive as a perennial and can produce a ratoon crop 

for up to 30 years. Rice is rich in nutrients and contains a number of vitamins and 

minerals. It is an excellent source of complex carbohydrates, the best source of energy 

(Table 2.1).  

Throughout Southeast Asia today, rice is more than just food: it is the central 

subject of economic policy, a determinant of national objectives, and an important 

anchor in the maintenance of political stability (Redfern et al. 2012). Its values lie in 

food grain in the diets of millions of Asians, Sub Sahara Africa and Latin Americans 

living in the tropics and subtropics. It is likely that rice will continue to remain a 

major source of their daily food since population growth in these areas is increasing at 

a high rate (Sasaki 2002). Rice contributes towards achieving food security, 

employment and income for the poor rural dwellers (Mwangi et al. 2013). 

 Myanmar is the world‟s sixth-largest rice-producing country. Rice is the 

principal agricultural crop and is the staple food of the entire population. A rice-

surplus country, Myanmar has one of the highest levels of per capita rice consumption 

in the world. Rice has been cultivated in Myanmar for domestic consumption since 

prehistoric times. Rice is life for the Myanmar people, being interwoven with the 

social and economic fabric of the people‟s lives (Win 1991). 

In 2012-13, it was estimated that rice was grown in about 7.24 million 

hectares with a production of 27.70 million MT in Myanmar. Current average yield 

was estimated at 3.84 tons ha
-1

 (MOAI 2013). The major rice producing regions of 

Myanmar are in the delta. Ayeyawady, Bago and Sagaing regions make up more than 

half of the country‟s harvested rice area (MOAI 2012). Myanmar‟s major rice 

ecosystems include rainfed lowland rice, irrigated lowland rice, deepwater rice and 

upland rice. There are two growing seasons for rice: monsoon season and summer 
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season. In Myanmar, approximately 18-20 % of the rice production comes from the 

summer crop season, while the majority portion comes from the monsoon rice season 

(FAO 2009). 

Table 2.1 Nutritional values of rice  

Item Nutritional value per 100 g of rice 

Energy  1527 kJ 365 kcal 

Carbohydrates 80.00 g  

Sugar 0.12 g  

Dietary fiber 1.30 g  

Fat 0.66 g  

Protein 7.13 g  

Vitamins   

Thiamine (Vitamin B1) 0.0701 mg 6 % 

Riboflavin (Vitamin B2) 0.0149 mg 1% 

Niacin (Vitamin B3) 1.62 mg 11% 

Pantothenic acid (B5)  1.1014 mg 20% 

Vitamin B6  0.164 mg 13% 

Trace metals   

Calcium 28 mg 3% 

Iron 0.80 mg 6% 

Magnesium 25 mg 7% 

Manganese 1.088 mg 52% 

Phosphorus 115 mg 16% 

Potassium 115 mg 2% 

Zinc 1.09 mg 11% 

Water 11.61 g  

Percentages are relative to US recommendations for adults. 

Source: Adapted from USDA Nutrient data base 2012 (USDA 2012)  

 

2.2.1 Impacts of Rice Production 

 The crop is grown primarily in the humid and subhumid tropics and subtropics 

(Fischer 1998). Rice production systems of the region have over recent years become 
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increasingly threatened by the effects of climate change (Masutomi et al. 2009), as a 

large portion of the rice-growing areas are located in especially vulnerable regions. 

 Rice cultivation is well-suited to countries and regions with low labor costs 

and high rainfall, as it is labor-intensive to cultivate and requires ample water. 

However, rice can be grown practically anywhere, even on a steep hill or mountain 

area with the use of water-controlling terrace systems. Although its parent species are 

native to Asia and certain parts of Africa, centuries of trade and exportation have 

made it commonplace in many cultures worldwide (www.wikipedia.en-Rice.htm).  

 The greatest levels of productivity are found for irrigated rice, which is the 

most intensified production system, where more than one crop is grown per year and 

yields are high - 12.5 tonnes/ha/year compared with 2.5 tonnes/ha/year  for rainfed  

rice (Mutert and Fairhurst 2002). About 80 million ha of rice - more than half the 

harvested area - is grown under irrigated conditions worldwide. Farm yield under 

irrigation ranges from 3 to 9 t ha
-1

. The irrigated rice ecosystem contributes 75% of 

global rice production and provides the predominant source of marketable surpluses 

for growing populations. Irrigated rice is grown in bunded, puddled fields with 

assured irrigation, with one crop a year (in the subtropics and temperate zones) or 

more than one crop annually (in the humid and subhumid tropics) (Fischer 1998).  

Nearly 24 million ha are intensively cultivated and double-cropped in southern 

China, Indonesia, the Philippines, Vietnam, Bangladesh, and southern India. The 

water needs of the dry-season crop are large because of high evapotranspiration and 

low rainfall. About 25% of the world‟s rice land, nearly 40 million ha, is rainfed. This 

ecosystem contributes 18% of the global rice supply. Average yields are low because 

farmers grow mainly traditional varieties.  The potential for increasing production is 

great for this ecosystem. Nearly 12 million ha of rainfed lowland rice are in Thailand 

and Myanmar, where traditional low yielding varieties are grown because their high 

grain quality is valuable in the export market (Fischer 1998).   

 Rice production is central to the economy and food security of Myanmar. 

Between 1900 and 1940, Myanmar exported 2 to 3 million MT rice annually, up to 

70% of national production (Win 1991). In recent years, exports have dropped below 

1 million MT per annum (USDA 2012), as a population growth has outpaced 

productivity improvement. Myanmar‟s role in international trade has now diminished 

http://www.wikipedia.en-rice.htm/
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to that of a relatively minor player. With growing world demand, a large area 

favorable for rice growing, and opportunities for productivity improvement across the 

whole value chain, Myanmar has the potential to regain its status as a leading rice 

exporter (Denning et al. 2013). 

 

2.2.2 Agronomic Characteristics of Rice 

 Rice plant growth can be divided into three agronomic stages of development: 

(1) vegetative (germination to panicle initiation); (2) reproductive (panicle initiation 

(PI) to heading); and (3) grain filling and ripening or maturation (heading to maturity) 

(Yoshida 1981). These stages influence the three yield components: number of 

panicles per unit land area, the average number of grain produced per panicle and the 

average weight of the individual grains. These three components determine grain 

yield (Moldenhauer et al. 2000).  

 The vegetative growth stage is characterized by active tillering, a gradual 

increase in plant height and leaf emergence at regular intervals. The duration of the 

vegetative phase (germination to panicle initiation) is generally considered the most 

variable of all the growth phases (Yoshida 1981); (Vergara, 1991); (Moldenhauer and 

Gibbons 2003). Culm elongation, a decline in tiller number, booting, emergence of 

the flag leaf, heading and flowering characterize the reproductive stage (Moldenhauer 

et al. 2000). Ripening is characterized by leaf senescence and grain growth – 

increases in grain size and weight and changes in grain colors (Yoshida 1981). 

Tillering characteristics are important to yield because they affect the number of 

culms per square meter, the uniformity of ripening in the field, and grain yields per 

panicle (Wells and Faw 1978); (Jennings et al. 1979). Yield per hectare is the most 

important consideration in rice. Rice yield is a product of number of panicles per unit 

area, number of spikelets per panicle, percentage of filled grains and weight of 1000 

grains (Yoshida 1981). 

 

2.2.3 Soil Requirement for Rice 

 Rice is a crop of tropical climate. Rice is cultivated in almost all types of soils 

with varying productivity like light to heavy soil, except very sandy. Clay or clay 
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loam soil is the best for rice cultivation due to its high water holding capacity 

(www.sikkimagrisnet.org). The major soil groups where rice is grown are riverine 

alluvium, red-yellow, red loamy, hill and sub-montane, Terai, laterite, costal 

alluvium, red sandy, mixed red and black and medium and shallow black soils 

(www.agropedia.iitk.ac.in.htm.com). Rice will grow well over a relatively wide pH 

range of 5 to 7.5, although the best soils are slightly acidic (pH 5.5 to 6.6) (Martin et 

al. 1976).  

 

2.2.4 Climate Requirements for Rice 

 Rice crop is best suited to tropical and sub-tropical humid climate but it is 

grown in variety of climate except extreme cold temperate. The climatic factors such 

as temperature, solar radiation, and humidity influence rice yield by directly affecting 

the physiological processes involved in grain production, and indirectly through 

diseases and insects (Yoshida 1981). 

 

2.2.4.1 Temperature 

 The atmospheric temperature has considerable effect on growth and 

development of rice plant. Rice needs relatively high temperature for their optimum 

growth and development. Temperature requirement of rice is different for different 

growth stages (Table 2.2) according to variety, duration of critical temperature, 

diurnal changes, and physiological status of the plant (Yoshida 1981).  

The critical mean temperature for flowering and fertilization ranges from 16 to 

20°C. For vegetative growth a temperature range of 25 to 30°C and for grain filling 

and ripening 20 to 25°C temperature was reported best. For higher grain yield a day 

temperature of 25 to 32°C and night temperature of 15 to 20°C is desirable (Yoshida 

1978). Temperature beyond 35°C affects not only pollen shedding but also grain 

filling. A higher mean temperature ranging between 25 to 32°C per day would reduce 

the growth duration and accelerate flowering whereas a mean temperature of less than 

15°C would slow during vegetative growth and plants fail to flowers. Therefore, for 

vigorous vegetative growth moderately high temperature is required. It is well known 

that mild temperature of night and clear sunny weather during day time is better for 

high yield of rice, but temperature less than 15°C is not advantageous for panicle 

http://www.sikkimagrisnet.org/General%20/en/Rice_Climatic_Requirement.aspx
http://www.agropedia.iitk.ac.in.htm.com/
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initiation as well as for crop growth (www.sikkimagrisnet. org). Within the critical 

low and high temperatures, temperature affects grain yield by affecting tillering, 

spikelet formation, and ripening. There is usually an optimum temperature for 

different physiological processes and these vary to some degree with variety (Yoshida 

1981).  

Table 2.2 Response of the rice plant to various temperatures at different growth 

stages 

Growth stage Critical temperature * ( °C) 

 Low Medium Optimum 

Germination 16 -19 45 18 - 40 

Seedling emergence and establishment 12-35 35 25 - 30 

Rooting 16 35 25 - 28 

Leaf elongation 7 - 12 45 31 

Tillering 9 - 16 33 25-31 

Initiation of panicle primodia 15 - - 

Panicle differentiation 15-20 30 - 

Anthesis 22 35 - 36 30-33 

Ripening 12-18 > 30 20-29 

*Refers to daily mean temperature except for germination 

Adapted and modified from Yoshida (1978; 1981) 

 

2.2.4.2 Solar Radiation 

The yield of rice is influenced by the solar radiation particularly during the last 

35 to 45 days of its ripening period. The effect of solar radiation is more profound 

where water, temperature and nitrogenous nutrients are not limiting factors. Bright 

sunshine with low temperature during ripening period of the crop helps in the 

development of carbohydrates in the grains (www.agricultureandupdates.blogspot. 

com.). Shading during the vegetative stage only slightly affects yield and yield 
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components and during the reproductive stage has a pronounced effect on spikelet 

number. During ripening it reduces grain yield considerably because of a decrease in 

the percentage of filled spikelets (Yoshida 1981). Clear sunny weather during 

ripening and moist-humid during vegetative phase is desirable for rice crop. Low 

solar radiation would hamper ripening of grains and would increase chaff production 

enormously (www. sikkimagrisnet.org). Solar radiation at the reproductive stage has 

the greatest effect on grain yield; that at the ripening stage, the next highest effect; and 

that at the vegetative stage, an extremely small overall effect (Yoshida 1981).  

 

2.2.4.3 Relative Humidity 

Too little or too much rainfall at any stage of rice growth can cause partial or 

total crop failure. Moist humid weather during vegetative growth and dry-sunny 

weather during ripening is most desirable.  A  relative  humidity  of  60-80  %  is  said  

to  be  optimum (www.vasat.icrisat.org).   

 

2.3 Potassium Nutrition in Rice 

 Potassium is taken up by rice and other plants as the K
+
 ion. The rice plant‟s 

concentration of K is highest during the seedling stage and gradually declines with 

plant development or increasing dry matter accumulation (Sims and Place 1968); 

(Norman et al. 2003). K increases the number of spikelets per panicle, percentage of 

filled grains, and 1,000-grain weight. K improves the rice plant‟s tolerance of adverse 

climatic conditions, lodging, insect pests, and diseases. During vegetative growth up 

to flowering, the K supply is usually sufficient, and a response to additional K is 

unlikely when the leaf concentration is between 1.8% and 2.6%. To produce the 

maximum number of spikelets per panicle, the K content of mature leaves should be 

>2% at the booting stage (Dobermann and Fairhurst 2000).  

 Rice grain yield increases of 10% due to K fertilization are common and may 

approach 50% on some soils (Dobermann et al. 1996); (Slaton et al. 2009). At 

agronomic level, the demand for K largely varies with plant species and productivity. 

Seventy five per cent of the total K uptake even before booting stage and most of the 

remaining K
+
 even before grain formation begins. The potassium content is highest 

http://www.sikkimagrisnet.org/
http://www.vasat.icrisat.org/
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(about 70-75%) in leaves and culms, with relatively little K accumulated in the milled 

grain (Ravichandran and Sriramachandrasekharan 2011).  

 

2.3.1 Effects of Potassium on Yield and Yield Components of Rice 

 Plant height increased significantly with increasing the doses of potassium 

fertilizer. Number of non-effective tillers was significantly influenced by potassium 

level. The highest number of non-effective tillers was found in low dose of potassium 

level and the lowest number in medium dose of potassium level (Hasan 2007). 

Proper potassium (K) nutrition is critical for maximizing rice grain yields. K is 

very mobile within the rice plant. Proper potassium (K) nutrition in rice promotes 

tillering, panicle development, spikelet fertility, nutrient uptake of nitrogen and 

phosphorus, leaf area and leaf longevity, disease resistance, root elongation and 

thickness, culm (stem) thickness and strength, rice plant tolerance to diseases and 

pests, rice plant resistance to lodging (Haifa 2008).  

Mukherjee and Sen (2005) conducted one experiment during the Kharif season 

of 1999  to  study  the  effects  of  rice  husk  and  fertilizer  levels  of  potassium  on  

the  growth  and yield of rice. The application of potassium significantly improved 

plant height, number of tillers hill
-1

, dry matter accumulation, and chlorophyll content 

and leaf area index. Rice husk and fertilizer level had significant and positive effects 

on grain and straw yield. Trials on sandy clay loam soil with four K rates applied the 

whole basally at transplanting or in 2 equal split dressings at transplanting and panicle 

initiation  or  3 split dressings of 50%  at  transplanting, 25% at tillering and 25% at 

panicle initiation were conducted (Krishnappa et al. 2006). K applied in split 

dressings were more effective than at transplanting. Applied K increased number of 

effective tillers.  

Increasing K rates increased paddy yields. K applied in split dressings were 

more effective than when applied at transplanting alone. Applied K increased soil K 

availability, K contents hill
-1

 and increased the number of chaffy grains panicle
-1 

(Krishnappa et al. 2006). Narang et al. (1997) showed  that  split application of K to 

rice (33% at sowing, 33% as foliar spray at flag leaf stage and 33% as foliar  spray  at  

grain  development)  gave  higher  yields  over  soil  application  of  whole  K sowing.  
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2.3.2 Potassium Fertilizer Management in Rice 

 In rice cultivation, the farmers are giving much attention only to N fertilization 

and very often P and K applications are carried out at minimal level, mostly missing 

K fertilization. This practice of imbalance and inadequate fertilizer application affects 

the soil productivity in general and particularly depletes the essential nutrients 

(Cassman et al. 1996).  

Timing of fertilizer K
+
 application is an important management tool in 

maximizing K use efficiency. Maximum efficiency is obtained when K
+
 is applied so 

that it is available for uptake by the plants as needed. Generally, K
+
 fertilizer is 

applied as a basal application at the time of sowing because of its relative immobility 

in clay soils. However, the large losses of potassium are attributable to leaching and 

runoff (Fageria 2009). Extractable K increased with K application rate and decreased 

with soil depth (Fageria et al. 1990a). Applied K increased extractable K in both the 

surface and the subsoil. Leaching of K
+
 to lower depths was especially noticeable at 

the higher K rates. In this situation, split application of K
+
 may be an appropriate 

management practice to reduce K
+
 losses by leaching and improving K

+
 utilization 

efficiency by crop plants (Fageria 2009). 

There were significant differences in yields upon differential application of K. 

The key components of potassium management should include: (1) an estimate of 

crop potassium demand, potential indigenous potassium supply and recovery of 

potassium from applied inorganic and organic sources to predict the potassium inputs 

required to maintain a targeted yield level, (2) a schedule for timing potassium 

applications depending on soil potassium buffering characteristics and an  

understanding of the relationship between potassium nutrition and pest incidence and 

(3) knowledge on the relationship between the potassium budget, residual effects of 

potassium fertilizers, and changes in soil supply over time (Ravichandran and 

Sriramachandrasekharan 2011).  

Time of fertilizer application may considerably influence crop response to 

fertilizer. Nutrient requirements of a crop differ considerably during different growth 

periods. Potassium uptake is more or less continuous throughout the different stages 

of growth (Ravichandran and Sriramachandrasekharan 2011). The uptake of K 
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essentially occurs during the vegetative stage in general and can reach maximum 

values of 10 kg ha 
-1

 day 
-1

 and above in crop (Rameshkumar et al. 2003).  

In general, basal application of fertilizer K is recommended in rice. However, 

the requirement for continued supply of the nutrients and possibility of leaching loss 

of applied K and luxury consumption justify its top dressing.  The topdressing may be 

advantages with the following situations, (1) when the natural supply of K from the 

soil and irrigation water decreases in the latter growth phase, (2) the soil becomes 

highly reduced with time and hydrogen sulphide, organic acids, ferrous iron and 

carbonates accumulate inhibiting K uptake by the crop, (3) for medium to low 

tillering and late maturing genotypes, (4) for varieties sensitive to P deficiency and 

iron toxicity, and (5) in wet season (Ravichandran and Sriramachandrasekharan 

2011). 

 Potassium can be applied in 1-3 split applications. The number of splits 

required depends on soil K buffering characteristics, crop establishment method used 

and the local importance of K for reducing pest and diseases incidence (Ravichandran 

and Sriramachandrasekharan 2011). K applied in split dressings were more effective 

than when applied at transplanting alone (Krishnappa et al. 2006). Split application of 

K (part at planting and part at side-dressed later) is recommended to avoid salinity 

effects and leaching losses both in annual and perennial crops. The beneficial effects 

of split application of K have been reported in a number of crops and countries: 

lowland rice in India, Japan, Bangladesh, and Indonesia (Parasad and Power 1997). 

 

2.3.3 Potassium Deficiency Symptoms 

Leaf tips are yellowish brown when K deficiency is severe. Since K is mobile 

in the plant, visual deficiency symptoms typically appear first in the lower leaves, 

progressing toward upper leaves (new growth) (Havlin et al. 2014). Symptoms appear 

first on older leaves, then along the leaf edge, and finally on the leaf base. Upper 

leaves are short, droopy, and „dirty‟ dark green.  Older leaves change from yellow to 

brown and, if the deficiency is not corrected, discoloration gradually develops on 

younger leaves. Leaf tips and margins may dry up. Yellow stripes may appear along 

leaf interveins, and lower leaves become droopy.  Leaf symptoms of K deficiency 

(particularly the appearance of yellowish brown leaf margins) are similar to those of 
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tungro virus disease. When K deficiency is severe, rusty brown spots appear on the 

tips of older leaves and later spread over the whole leaf, which then turns brown and 

becomes dessicated.  Irregular necrotic spots may also occur on panicles (Dobermann 

and Fairhurst 2000). Potassium deficient plants grow slowly and have poorly 

developed root systems. Stalks are weak, and lodging is common (Fageria 2009).  

K deficiency is often not detected because its symptoms are not as easy to 

recognize as those of P and N deficiency, and symptoms tend to appear during later 

growth stages. Leaf symptoms are usually more apparent in hybrid rice varieties than 

in inbred modern varieties, because of their greater K demand and narrower optimal 

N: K ratio (Dobermann and Fairhurst 2000). K stress increases crop damage by 

bacterial and fungal diseases, insect and mite infestation, and nematode and virus 

infection (Havlin et al. 2014). 
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CHAPTER III 

MATERIALS AND METHODS 

3.1. Potassium Fertilizer Management on Rice Cultivation 

 This research contained both dry season and wet season experiments. Dry 

season and wet season experiments were conducted from February 2014 to June 2014 

and from June 2014 to October 2014 respectively. 

3.2. Experimental Site    

Pot experiments were conducted at the screen house of Department of Soil and 

Water Science, Yezin Agricultural University, located at 19°  10′  N  latitude  and  96°  

07′  E  longitude  with  the  altitude  of  213  meters above sea level.  

3.3. Weather Data of the Experimental Area 

 The relative humidity, maximum and minimum temperatures during the 

experimental period were obtained from the meteorological station at Department of 

Agricultural Research.  

 

Figure 3.1 Relative humidity, minimum and maximum temperature during 

experimental period in Yezin (February – October 2014) 
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3.4. Soil Sampling and Analysis  

 Before conducting the experiment, a composite soil sample in the depth of 0 – 

15 cm from Yezin Agricultural University Field was collected, air-dried, crushed and 

passed through 2 mm sieve for analysis. Some physicochemical properties of the soil 

were analyzed at Soil Analytical Laboratory, Land Use Division, Department of 

Agriculture, Yangon.  

Table 3.1 Physico-chemical properties of experimental soil before sowing 

Properties  Rating (content) 

Soil Texture Sandy Loam 

Soil pH 5.92 

Bulk density (g cm
-3

) 1.23 

Nitrogen (Total N%) 0.23 (Medium) 

Available P (ppm) 23.48 (High) 

Available K (meq/100g) 0.57 (Medium) 

Cation Exchange capacity (meq/ 100g) 12.89 (Low) 

Organic matter (%) 1.7 (Low) 

3.5. Establishment of Experiment 

 The pot experiment was laid out in Randomized Complete Block Design with 

four replications in which nutrient management was used as the treatments. Shwe 

Thwe Yin variety was used as a tested cultivar. The treatments tested in this 

experiment are as follow.  

T1 - all potash applied as basal 

T2 - all potash applied at 25 DAT 

T3 - all potash applied at 45 DAT 

T4 - ½ potash applied as basal and remaining ½ at 25 DAT  

T5 - ½ potash applied as basal and remaining ½ at 45 DAT 

T6 - ½ potash applied at 25 DAT and remaining ½ at 45 DAT 

T7 - 1/3 potash applied as basal, 1/3 at 25 DAT and remaining 1/3 at 45 DAT  

T8 – Control (no K applied) 
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3.6. Preparation of Pots 

 A total of 32 plastic pots, each with a diameter of 30 cm at the top and 21.3 cm 

at the bottom and a height of 26 cm, were used in this experiment. The collected soils 

were pulverized and dried in the shade and after that passed with 2 mm sieve. 13 kg 

soil was filled into to the plastic pot of 28 cm diameter to a depth of 20 cm to give a 

bulk density of 1.23 g cm
-3

. Then the pots were allowed to submerge about one week. 

Under puddle condition, 25 days old seedlings were transplanted in each pot. 

3.7. Fertilizer Application 

 Nitrogen fertilizer at the rate of 85 kg N ha
-1

 was added to each pot in two 

equal splits at 10 days after transplanting and panicle initiation stage. Phosphorous 

fertilizer at the rate of 13 kg P ha
-1

 was applied as basal application to every plastic 

pot. Potassium fertilizer in the form of muriate of potash at the rate of 30 kg K ha
-1

 

was used according to the treatments. 

3.8. Data Collection 

3.8.1. Measurement Parameters for Growth 

(a) Plant height 

 The plant height was recorded at one week interval starting from 14 days after 

transplanting. Plant height was measured in centimeter (cm) from the base of the plant 

to the tip of uppermost leaf. 

(b) Number of tillers per hill 

 The number of tiller per hill was also recorded weekly interval starting from 

14 days after transplanting. It was recorded until the heading stage. 

3.8.2. Measurement Parameters for Yield and Yield Components 

(a) Number of panicles per hill  

The tillers having panicle with at least one grain were considered as effective 

tillers (panicles) and were recorded. 

(b) Panicle length                                                 

 Panicle length was measured from the basal node of the rachis to the apex of 

each panicle. Each observation was an average of 5 panicles.   
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(c) Number of spikelets per panicle 

 Total  number  of  spikelets  present  on  each  panicle  were  counted  from  

10 panicles and averaged. The spikelet number included filled, partial filled and 

unfertilized spikelets. 

(d) Number of grains per panicle  

Presence  of  any  food  material  in  the  spikelets  was  considered  as  grain  

and  number  of grains present on each panicle was counted. 

(e) Number of unfilled spikelets per panicle  

Spikelets  that  lacked  any  food  materials  inside  was  considered  as  

unfilled  spikelets  and such spikelets present on each panicle were counted. 

(f) 1000 grain weight (g) 

A random sample of thousand  well developed, whole grains  was  taken  from  

each  pot  and  their  weights  were  recorded  after  sun drying  with  an  electrical  

balance.   

(g) Filled grain % 

 The percentage of filled grains was calculated as the ratio of the number of 

grains to the total number of spikelets. 

(h) Straw yield  

Straw obtained from the harvest area of each unit plot including sample plants 

were dried in the sun. Then the straw yield was expressed in dry weight basis. 

(i) Grain yield 

 The grains from the pot area were harvested, hand threshed and sun dried and 

grain yield per hill was calculated. 

(j) Biological yield  

Grain and straw yields are altogether regarded as biological yield. The 

biological yield was calculated with the following formula:  

Biological yield (t ha
-1

) = Grain yield + Straw yield 
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(k) Grain harvest index  

The harvest index was calculated by dividing the economic yield (grain yield) 

by biological yield and was expressed as percentage.  

Economic yield (grain yield) 

Grain Harvest Index =            

                Biological yield (grain + straw yield)   

(Fageria 2009) 

3.9. Effect of Potassium on Rice Grain Yield 

 The following formula was used for the measurement of potassium used 

efficiency. 

GY+K  –   GY0 K 

Potassium Use Efficiency (KUE)     =   

FK 

(Dobermann and Fairhurst 2000) 

Where, GY +K = grain yield in a treatment with K application (kg ha
-1

) 

GY 0 K = grain yield in a treatment without K application (kg ha
-1

) 

 FK  = the amount of fertilizer K applied (kg ha
-1

) 

3.10. Crop Management  

 Pots were kept free of weeds by hand weeding. Water was applied with 

alternate wetting and drying system. Although there was no insect damage during the 

dry season, the incidence of little brown plant hopper was occurred in the wet season. 

Therefore Dimethoate was used to control brown plant hopper. During the dry season, 

the crop was found to be infested with sheath rot disease which was successfully 

controlled by applying Mancozeb. 

3.11. Statistical Analysis 

 Experimental data were analyzed by using Statistix (Version 8). Treatment 

means were compared using Least Significant Difference (LSD) test at 5% probability 

level.   
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CHAPTER IV 

RESULTS AND DISCUSSION 

4.1. Dry season experiment (February to June 2014) 

 The “Potassium fertilizer management on rice cultivation” experiment was 

conducted at Yezin Agricultural University during the dry season, 2014. The results 

obtained from this study have been presented and discussed in this chapter. 

4.1.1 Effect of potassium fertilizer management on growth parameters 

4.1.1.1 Plant height (cm) 

 The data on plant height recorded at various growth stages after transplanting 

are presented in Figure 4.1. Plant height in all treatments increased progressively from 

14 day after transplanting (DAT) to 56 DAT. 

 It was observed that there was the highly significant difference at 5% level on 

plant height as influenced by different methods of potassium fertilizer application at 

21 DAT and 1% level at 49 DAT and 56 DAT respectively. 

 At 21 DAT, the plant height ranged from 41.88 cm to 46.86 cm. The 

maximum plant height (46.86 cm) was achieved by T1 (all potash applied as basal) 

which was statistically indistinguishable from that of T5 (½ potash applied as basal 

and remaining ½ at 45 DAT) (46.11 cm). T8 (Control) produced the minimum plant 

height (41.88 cm). 

At 49 DAT, the tallest plant height (89.76 cm) was recorded from T3 (all 

potash applied at 45 DAT), whereas the shortest plant height (81.63 cm) was 

perceived by T8 (Control). 

The plant height as affected by different potassium fertilizer management 

varied from 96.84 cm to 104.38 cm at 56 DAT. The highest plant height (104.38 cm) 

was obtained from T3 (all potash applied at 45 DAT), although T8 (Control) 

performed the lowest plant height (96.84 cm). 

Apart from 21 DAT, 49 DAT and 56 DAT, plant height was not influenced by 

different methods of potassium fertilizer application in this experiment. Bhiah et al. 

(2009) reported that potassium increased plant height and K deficiency enhanced 

lodging (Mahbub et al. 2006); (William and Smith 2001).   
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Figure 4.1 Mean value of plant height as affected by potassium fertilizer 

management during the dry season, 2014  

 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all 

potash applied at 45 DAT), T4 – (½ potash applied as basal and remaining ½ at 25 

DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash 

applied at 25 DAT and remaining ½ at 45 DAT), T7 – (1/3 potash applied as basal, 

1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 
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4.1.1.2 Number of tillers hill
-1

 

Figure 4.2 describes the effect of potassium fertilizer management on the 

number of tillers hill
-1

 during the dry season of 2014. The tiller number was recorded 

at 7 days interval starting from 14 DAT to 56 DAT. According to the results, the 

highly significant difference was observed on the number of tillers hill
-1

 as affected by 

different methods of potassium fertilizer application at 35 DAT, 42 DAT, 49 DAT 

and 56 DAT although the tiller numbers at the beginning days were not different at 

5% level.   

At 35 DAT, the number of tillers hill
-1

 was highly significantly different at 1% 

level and the highest tiller number (16.38) was obtained from T2 (all potash applied at 

25 DAT). The minimum number of tillers hill
-1

 (13.75) was found in T8 (Control) 

which was remarkably similar to T1 (all potash applied as basal). 

The number of tillers hill
-1

 ranged from 20.00 to 27.25 at 42 DAT. The 

maximum number of tillers hill
-1

 (27.25) was acquired by T2 (all potash applied at 25 

DAT) which was statistically comparable with that of T5 (½ potash applied as basal 

and remaining ½ at 45 DAT) and T6 (½ potash applied at 25 DAT and remaining ½ at 

45 DAT) and the values were (27.13) and (27.00) respectively. T8 (Control) produced 

the minimum number of tillers hill
-1

 (20.00). Thakur et al. (1993) and Haque et al. 

(1997) stated that application of potassium increased the number of tillers. 
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Figure 4.2 Mean value of number of tillers hill
-1

 as affected by potassium   

fertilizer management during the dry season, 2014 

 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all 

potash applied at 45 DAT), T4 – (½ potash applied as basal and remaining ½ at 25 

DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash 

applied at 25 DAT and remaining ½ at 45 DAT), T7 – (1/3 potash applied as basal, 

1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 
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4.1.2 Effect of potassium fertilizer management on yield and yield components 

parameters 

4.1.2.1 Number of panicles hill
-1

  

 Number of panicles hill
-1

 at harvest is presented at Table 4.1. Effect of 

different application time of potassium on the number of panicles hill
-1

 was 

significantly different at 1% level. Among the treatments, the maximum number of 

panicles hill
-1

 (23.67) was observed from T2 (all potash applied at 25 DAT) which 

was statistically identical with T6 (½ potash applied at 25 DAT and remaining ½ at 45 

DAT) (23.33). The minimum number (17.67) was noticed in T8 (Control). Similar 

result has also been reported by Ali et al. (2005) that maximum number of productive 

tillers was observed with broadcasting of potassium at 25 DAT. Thakur (1993) noted 

that number of panicles is the most important factor that causes variation in the grain 

yield of rice. 

 

4.1.2.2 Panicle length (cm) 

 The panicle length as affected by the different methods of potassium fertilizer 

application is described in Table 4.1. The panicle length was significantly different at 

1% level. The longest panicle (25.34cm) was observed from T6 (½ potash applied at 

25 DAT and remaining ½ at 45 DAT) and the shortest panicle length (22.56cm) was 

recorded from T8 (Control). The increase in panicle length may be due to continuous 

supply of potassium to the crop during crop growth stages. The efficient potash 

uptake by rice plant results in better growth and development when applied at 

maximum tillering stage (25 DAT) and at panicle initiation stage (45 DAT).                                         

This result was in agreement with Manzoor et. al. (2008) who reported that the 

longest panicle was obtained from the treatment where potash was applied in two 

equal splits ½ at 25 DAT and ½ at 45 DAT which was statistically at par with the 

treatment where whole potash was applied at 25 DAT.  

 

4.1.2.3 Number of spikelets panicle
-1

 

 Mean effect of potassium fertilizer management on the number of spikelets 

panicle
-1

 is shown in Table 4.1. There was a significant difference in number of 
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spikelets panicle
-1

 at 5% level. The maximum number of spikelets panicle
-1

 (144.49) 

was collected from T6 (½ potash applied at 25 DAT and remaining ½ at 45 DAT) 

which was statistically akin to T2 (all potash applied at 25 DAT) (144.23). T7 (1/3 

potash applied as basal, 1/3 at 25 DAT and remaining 1/3 at 45 DAT) produced the 

minimum number of spikelets panicle
-1

, which was found statistically similar to that 

of T8 (Control) and the spikelets number were 124.28 and 123.20 respectively. 

Potassium fertilizer management significantly affected the number of total spikelets 

panicle
-1

. It is generally recognized that the number of spikelets panicle
-1

 or number of 

panicles per unit area determines rice yield depending on the cultivar. Grain yield 

increased in most cultivars with increased number of spikelets panicle
-1

. Kato et al. 

(2008) and Hasegawa et al. (1994) made similar report that spikelets number per unit 

area contributes immensely to yield.  

 

4.1.2.4 Number of grains panicle
-1

 

 The statistical results of number of grain panicle
-1

 as influenced by different 

methods of potassium fertilizer application are presented in Table 4.1. There was a 

highly significant difference in number of grains panicle
-1

 at 1% level. It was recorded 

the highest number of grains panicle
-1

 (127.57) in T6 (½ potash applied at 25 DAT 

and remaining ½ at 45 DAT) which was significantly different from other treatments. 

The lowest number (94.77) was found in T8 (Control).  

The finding is similar to the results obtained by Manzoor et al. (2008). Split 

application of potassium at active growth stages brings about adequate potash supply 

which increased plant photosynthesis rate because it is required in the activation of 

starch synthesis and also conversion of soluble sugars into starch is a vital step in the 

grain filling process (Sharma et al. 1980); (Ramos et al. 1999). 

 

4.1.2.5 Number of unfilled spikelets panicle
-1

 

 The mean values of number of unfilled spikelets panicle
-1

 are exhibited in 

Table 4.1. Although there were no significant differences among the treatments tested, 

the maximum number of unfilled spikelets panicle
-1

 (28.44) was achieved by T8 

(Control). The minimum number of unfilled spikelets panicle
-1

 (16.93) was obtained 

from T6 (½ potash applied at 25 DAT and remaining ½ at 45 DAT) which was 
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statistically similar to that of T5 (½ potash applied as basal and remaining ½ at 45 

DAT) (18.30) and T3 (all potash applied at 45 DAT) (18.34). The results showed that 

the higher number of unfilled spikelets panicle
-1

 was occurred when no K fertilizer 

was added. Hasan (2007) also reported that K fertilizer decreased the number of 

unfilled spikelets.  

 

Figure 4.3 Effect of potassium fertilizer management on number of spikelets, 

grains and unfilled spikelets panicle
-1

 of rice during the dry season, 

2014 

 

4.1.2.6 1000 grain weight (g) 

 Effect of potassium fertilizer application methods on 1000 grain weight of rice 

is performed in Table 4.1. No significant difference was observed in 1000 grain 

weight among the treatments tested. The maximum 1000 grain weight (17.81 g) was 

exhibited by T3 (all potash applied at 45 DAT) which was not remarkably different 

from that of T2 (all potash applied at 25 DAT), and T1 (all potash applied as basal). 

The minimum 1000 grain weight (16.67 g) was obtained from T7 (1/3 potash applied 

as basal, 1/3 at 25 DAT and remaining 1/3 at 45 DAT) and T8 (Control). Among the 
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Table 4.1 Yield and yield components of rice as affected by potassium fertilizer management during dry season, 2014 

Treatment 
Number of panicles 

hill
-1

 

Panicle length 

(cm) 

Number of 

spikelets panicle
-1

 

Number of grains 

panicle
-1

 

Number of unfilled 

spikelets panicle
-1

 

1000 grain 

weight (g) 

T1 19.67 cd 23.28 bc 125.08 bc 105.87 d 19.22 ab 17.59 

T2 23.67 a 24.30 ab 144.23 a 123.63 ab 20.60 ab 17.60 

T3 22.00 ab 24.54 ab 127.40 bc 109.07 cd 18.34 b 17.81 

T4 21.00 bc 24.18 ab 138.99 ab 115.80 bc 23.19 ab 17.17 

T5 22.67 ab 24.22 ab 135.70 abc 117.40 bc 18.30 b 17.33 

T6 23.33 a 25.34 a 144.49 a 127.57 a 16.93 b 17.27 

T7 21.00 bc 23.73 bc 124.28 c 104.23 d 20.05 ab 16.67 

T8 17.67 d 22.56 c 123.20 c 94.77 e 28.44 a 16.67 

LSD0.05 2.31 1.29 14.09 8.75 8.44 0.83 

Pr>F ** ** * ** ns ns 

CV% 6.16 3.64 6.05 4.45 23.37 2.7 

Means followed by different letters in the same column are significantly different by LSD test at 5% level.  

*Significant difference at 5% level, **Significant difference at 1% level, ns non-significant difference 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all potash applied at 45 DAT), T4 – (½ potash applied as basal and  

remaining ½ at 25 DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash applied at 25 DAT and remaining ½ at 

45 DAT), T7 – (1/3 potash applied as basal, 1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 

3
2
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yield components, 1000 grain weight was less influenced by the treatment 

combinations because it is more or less genetically controlled characteristics. It is 

usually a stable varietal character and the management practice has less effect on its 

variation (Yoshida 1981). 

 

4.1.2.7 Filled grain % 

 The significant difference in filled grain% was observed among the different 

methods of potassium fertilizer application (Table 4.2). The filled grain % ranged 

from 77.03 to 88.35. T6 (½ potash applied at 25 DAT and remaining ½ at 45 DAT) 

produced the maximum percentage of filled grain (88.35). This was followed by T5 

(½ potash applied as basal and remaining ½ at 45 DAT) and it was not noticeably 

different from T1, T2, T3, T4, and T7. The lowest filled grain % (77.03) was found in 

T8 (Control). Yoshida (1981) expressed that factors such as weather, soil, fertilizer 

application, and incidence of diseases and insects affect filled-spikelet or sterility 

percentages. 

 

4.1.2.8 Straw yield (g hill
-1

) 

 According to the dry season results, straw yield as influenced by different 

potassium fertilizer management is exhibited in Table 4.2. It can be clearly seen that 

there was a highly significant difference on straw yield of rice at 1 % level. Among 

the treatments tested in this experiment, the highest straw yield (50.17 g) was 

procured by T6 (½ potash applied at 25 DAT and remaining ½ at 45 DAT) which was 

statistically indistinguishable from that of T2 (all potash applied at 25 DAT) (49.85 

g). The lowest straw yield (36.19 g) was recorded from T8 (Control). Awan et al. 

(2007) also claimed that straw yield of rice crop was increased significantly due to 

potash application in two equal splits. 

 

4.1.2.9 Grain yield (g hill
-1

) 

 Effect of potassium fertilizer management on grain yield of rice is 

demonstrated in Table 4.2. The highly significant difference among the treatments 

was noticed at 1% level of significance. The grain yield of rice ranged from 31.84 g 
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hill
-1 

to 51.33 g hill
-1

. All treatments produced significantly higher yield than control. 

The highest grain yield (51.33 g hill
-1

) was recorded from T6 (½ potash applied at 25 

DAT and remaining ½ at 45 DAT) which was remarkably similar to that of T2 (all 

potash applied at 25 DAT) (51.11 g hill
-1

) whereas the lowest yield (31.84 g hill
-1

) 

was perceived by T8 (Control). The result found in T5 (½ potash applied as basal and 

remaining ½ at 45 DAT) was the second highest and the value was 46.37 g hill
-1

. The 

grain yield of T6 (½ potash applied at 25 DAT and remaining ½ at 45 DAT) was 29% 

greater than T1, 0.4% greater than T2, 17% greater than T3, 19% greater than T4, 

10% greater than T5, 28% greater than T7 and 38% greater than T8. 

 This result was consistent with the findings of Ravi and Rao (1992) and 

Dwivedi et al. (2000) who stated that significant increase in paddy yield was recorded 

when potash was applied in splits at different growth stages over a single application 

as basal. Application of K in two splits at active tillering and panicle initiation 

recorded the highest grain yield of rice. Split application of potassium helps in 

efficient absorption and translocation of nutrients from soil and foliage, thereby 

increasing the yield by reducing the sterility percentage (Annadurai et al. 2000).  

 

4.1.2.10 Biological yield (g hill
-1

) 

 Biological yield varied significantly due to the different methods of potassium 

fertilizer application as shown in Table 4.2. It was observed that there was a highly 

significant difference on the biological yield of rice at 1% level. It ranged from 68.03 

g to 101.50 g. The maximum value of biological yield (101.50 g) was obtained by T6 

(½ potash applied at 25 DAT and remaining ½ at 45 DAT) and the effect was 

statistically similar to that of T2 (all potash applied at 25 DAT) (100.96 g). T8 

(Control) produced the minimum biological yield (68.03 g).  
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Table 4.2 Yield and yield components of rice as affected by potassium fertilizer management during dry season, 2014 

Treatment Filled grain % 
Straw yield     

(g hill
-1

) 

Biological yield         

(g hill
-1

) 

Grain yield       

(g hill
-1

) 

Increase over 

control (%) 

T1 84.64 a 39.35 d 75.77 d 36.42 d 12.58 

T2 85.78 a 49.85 a 100.96 a 51.11 a 37.70 

T3 85.61 a 44.60 bc 87.06 c 42.46 c 25.01 

T4 83.36 a 43.05 c 84.86 c 41.82 c 23.86 

T5 86.58 a 47.46 ab 93.83 b 46.37 b 31.33 

T6 88.35 a 50.17 a 101.50 a 51.33 a 37.97 

T7 84.31 a 39.20 d 75.93 d 36.73 d 13.31 

T8 77.03 b 36.19 e 68.03 e 31.84 e - 

LSD0.05 5.42 2.94 3.86 1.69  

Pr>F * ** ** **  

CV% 3.67 3.84 2.56 2.30  

Means followed by different letters in the same column are significantly different by LSD test at 5% level.  

*Significant difference at 5% level, **Significant difference at 1% level, ns non-significant difference 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all potash applied at 45 DAT), T4 – (½ potash applied as basal and  

remaining ½ at 25 DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash applied at 25 DAT and remaining ½ at 

45 DAT), T7 – (1/3 potash applied as basal, 1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 

3
5
 



36 
 

4.1.2.11 Grain harvest index (GHI) 

 The variation of grain harvest index of rice due to different application time of 

potassium fertilizer is described in Table 4.3. Harvest index as affected by potassium 

fertilizer management was significantly different at 1% level. T6 (½ potash applied at 

25 DAT and remaining ½ at 45 DAT) and T2 (all potash applied at 25 DAT) 

produced the maximum number of harvest index and the value were 0.51 each 

respectively. The minimum harvest index (0.47) was calculated at T8 (Control). 

Sinclair (1998) and Hay (1995) have expressed that GHI is an important trait 

associated with the dramatic increase in crop yields during the 20
th

 century. 

 

4.1.3 Potassium Use Efficiency (KUE) 

 Table 4.3 describes the potassium use efficiency (KUE) as affected by 

different potassium fertilizer management on rice during the dry season, 2014. The 

response of potassium fertilizer management on KUE was found to be statistically 

significant at 1% level. The greatest value of KUE (41.47) was observed from T6 (½ 

potash applied at 25 DAT and remaining ½ at 45 DAT) which was followed by T2 

(all potash applied at 25 DAT) (41.00). The minimum KUE was calculated at T1 (all 

potash applied as basal) (9.74). Potassium use efficiency is positively associated with 

grain yield in crop plants (Fageria 2009). Improving potassium use efficiency in crop 

plants can improve their yields. 

 

 

 

 

 

 

 

 

 



37 
 

Table 4.3 Mean effect of potassium fertilizer management on grain harvest index 

(GHI) and potassium use efficiency (KUE) during the dry season, 2014 

Treatment GHI  KUE 

T1 0.48 bc 9.74 d 

T2 0.51 a 41.00 a 

T3 0.49 b 22.60 c 

T4 0.49 ab 21.23 c 

T5 0.49 ab 30.91 b 

T6 0.51 a 41.47 a 

T7 0.48 b 10.40 d 

T8 0.47 c - 

LSD0.05 0.02 3.60 

Pr>F ** ** 

CV% 1.79 9.27 

Means followed by different letters in the same column are significantly different by 

LSD test at 5% level. 

*Significant difference at 5% level, **Significant difference at 1% level, ns non-

significant difference 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all 

potash applied at 45 DAT), T4 – (½ potash applied as basal and remaining ½ at 25 

DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash 

applied at 25 DAT and remaining ½ at 45 DAT), T7 – (1/3 potash applied as basal, 

1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 
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4.1.4 Correlation between yield and yield components of rice  

 The correlation between grain yield and yield components of rice during the 

dry season, 2014 is shown in Table 4.4. It was observed that the grain yield was 

significant and positively correlated with number of panicles hill
-1

, number of 

spikelets panicle
-1

, grain harvest index, panicle length, and filled grain %. The result 

was in line with the findings of Snyder and Carlson (1984) who reported that GHI 

was correlated positively with grain yield. The number of panicles hill
-1

 was 

significant and positively correlated with the number of spikelets panicle
-1

, harvest 

index, panicle length and filled grain %. In this investigation, there was a significant 

and positive correlation between the number of spikelets panicle
-1

 and panicle length 

at 5% level. Harvest index and filled grain % were significant and positively 

correlated with panicle length at 1% level. 
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Table 4.4 Correlation between yield and yield components of rice as affected by different potassium fertilizer management during the 

dry season, 2014 

 No. of panicles 

hill
-1

 

No. of 

spikelets 

panicle
-1

 

Grain 

Harvest 

index 

Panicle 

length 

1000 grain 

weight 

Filled grain 

% 

Yield 

No. of panicle hill
-1

 1       

No. of spikelets panicle
-1

 0.7850* 1      

Grain Harvest index 0.9075** 0.9164** 1     

Panicle length 0.8957** 0.7494* 0.8615** 1    

1000 grain weight 0.5284 0.3330 0.5144 0.4794 1   

Filled grain % 0.8865** 0.5894 0.7585* 0.8669** 0.5963 1  

Yield 0.95** 0.9132** 0.9708** 0.8770** 0.5291 0.8015* 1 

*Significant difference at 5% level, **Significant difference at 1% level 

 

3
9
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4.2 Wet season experiment (June - October 2014) 

 Wet season experiment was conducted as the same layout of dry season 

experiment to compare the effect of potassium fertilizer management on the 

performance of rice (Shwe Thwe Yin). Grain yield, yield components and other growth 

parameters as affected by potassium fertilizer management
 

for wet season, 2014 are 

described and discussed in the following sections. 

 

4.2.1 Effect of potassium fertilizer management on the growth parameters 

4.2.1.1 Plant height (cm) 

 Plant height as influenced by different potassium fertilizer management at 14, 

21, 28, 35, 42, 49 and 56 days after transplanting (DAT) are presented in Figure 4.4. 

The plant height in all treatments increased continuously from 14 DAT to 56 DAT. 

 Significant difference was observed among the different potassium fertilizer 

management in 21 DAT at 1% level and 35, 49 and 56 DAT at 5% level of 

significance. 

 Plant height at 21 DAT varied from 37.51 cm to 43.56 cm. T1 (all potash 

applied as basal) gave the maximum plant height (43.56 cm) and followed by that of 

T5 (½ potash applied as basal and remaining ½ at 45 DAT) (42.81 cm). The second 

highest plant height was observed from T2 (all potash applied at 25 DAT) (40.11 cm). 

T3 (all potash applied at 45 DAT) produced the minimum plant height (37.51 cm). 

 At 35 DAT, the maximum plant height (62.34 cm) was recorded from T4 (½ 

potash applied as basal and remaining ½ at 25 DAT) which was statistically similar to 

that of T2 (all potash applied at 25 DAT) (61.98 cm). The minimum plant height 

(57.99 cm) was obtained by T3 (all potash applied at 45 DAT). 

 The highest plant height (83.56 cm) was occurred in T3 (all potash applied at 

45 DAT) at 49 DAT although the lowest plant height (77.33 cm) was perceived by T8 

(Control). 

 At 56 DAT, the maximum value of plant height (99.51 cm) was got by T5 (½ 

potash applied as basal and remaining ½ at 45 DAT) which was statistically identical 

with that of T3 (all potash applied at 45 DAT) and T6 (½ potash applied at 25 DAT 
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and remaining ½ at 45 DAT) and the values were 99.07 cm and 98.94 cm 

respectively. The minimum value (92.64 cm) was recorded from T8 (Control). 

 Surendran (2005) reported that plant height was higher in the plots which 

receive potassium in two splits (50% at tillering and 50% at panicle initiation).  
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Figure 4.4 Mean value of plant height as affected by potassium fertilizer 

management during the wet season, 2014  

 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all 

potash applied at 45 DAT), T4 – (½ potash applied as basal and remaining ½ at 25 

DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash 

applied at 25 DAT and remaining ½ at 45 DAT), T7 – (1/3 potash applied as basal, 

1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 
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4.2.1.2 Number of tillers hill
-1 

 Effect of potassium fertilizer management on the number of tillers hill
-1

 during 

the wet season, 2014 is demonstrated in Figure 4.5. Significant differences were 

observed among the treatments at 28, 35, 42, 49 and 56 DAT at 5% and 1% level of 

significance respectively. 

 At 28 DAT, the highest number of tillers hill
-1

 (11.11) was acquired by T1 (all 

potash applied as basal) whereas the lowest number (8.44) was achieved by T8 

(Control). Application of potassium significantly increases number of tillers hill
-1

 in 

rice (Sarkar et al. 2001).  

 T2 (all potash applied at 25 DAT) produced the maximum number of tillers 

hill
-1

 at 35, 42, 49 and 56 DAT and the values were (15.86, 25.75, 25.75 and 26.16) 

respectively. Minimum number was observed from T8 (Control) at 35, 42, 49 and 56 

DAT. 
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Figure 4.5 Mean value of number of tillers hill
-1

 as affected by potassium 

fertilizer management during the wet season, 2014 

 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all 

potash applied at 45 DAT), T4 – (½ potash applied as basal and remaining ½ at 25 

DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash 

applied at 25 DAT and remaining ½ at 45 DAT), T7 – (1/3 potash applied as basal, 

1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 
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4.2.2 Effect of potassium fertilizer management on yield and yield components 

parameters 

4.2.2.1 Number of panicles hill
-1

  

 Number of panicles hill
-1

 as affected by potassium fertilizer management 

during the wet season is portrayed in Table 4.5. There was a significant difference in 

the number of panicles hill
-1

 at 5% level. The number of panicles hill
-1

 ranged from 

14.60 to 21.07. The maximum number of panicles (21.07) was recorded from T2 (all 

potash applied at 25 DAT) which was found statistically indistinguishable from that 

of T6 (½ potash applied at 25 DAT and remaining ½ at 45 DAT) and T5 (½ potash 

applied as basal and remaining ½ at 45 DAT) and the values were (20.89 and 20.26) 

respectively. The minimum number (14.60) was achieved by T8 (Control). The 

highest number of panicles hill
-1

 was observed from the application of 50% potassium 

each at tillering and panicle initiation (Surendran 2005). 

 

4.2.2.2 Panicle length (cm) 

 Mean effects of different potassium fertilizer management on panicle length is 

exhibited in Table 4.5. The panicle length was statistically different at 5% level of 

significance. The length was found to be varied from 20.38 cm to 23.38 cm. The 

longest panicle length (23.38 cm) was observed from T6 (½ potash applied at 25 DAT 

and remaining ½ at 45 DAT) and the value was remarkably identical with T2 (all 

potash applied at 25 DAT) (23.20 cm). The shortest length of panicle (20.38 cm) was 

collected from the treatment T8 (Control). Similar results were reported by Sarkar et 

al. (1995) and Raju et al. (1999). Surendran (2005) also stated that potassium applied 

in two equal splits at tillering and panicle initiation produced the greatest length of 

panicle. 

 

4.2.2.3 Number of spikelets panicle
-1

 

 The number of spikelets panicle
-1

 varied significantly in different treatments 

due to different potassium fertilizer management at 1% level of significance and the 

results have been presented in Table 4.5. The maximum number of spikelets panicle
-1

 

(141.99) was perceived by T6 (½ potash applied at 25 DAT and remaining ½ at 45 
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DAT) which was followed by that of T2 (all potash applied at 25 DAT) and T4 (½ 

potash applied as basal and remaining ½ at 25 DAT) and the values were (141.73 and 

136.49) respectively. T8 (Control) produced the minimum number of spikelets 

(120.70) and the values were noticeably similar to that of T7 (1/3 potash applied as 

basal, 1/3 at 25 DAT and remaining 1/3 at 45 DAT) (121.78) and T1 (all potash 

applied as basal) (122.58). Spikelets number per square meter was the most important 

component limiting yield in some location (Yoshida 1981). 

 

4.2.2.4 Number of grains panicle
-1 

 
Results in Table 4.5 show the mean values of the number of grains panicle

-1
 

during the wet season of 2014. The number of grains panicle
-1

 varied from 91.76 to 

124.29. T6 (½ potash applied at 25 DAT and remaining ½ at 45 DAT) produced the 

highest number of grains panicle
-1

 (124.29) and it was statistically indistinguishable 

from that T2 (all potash applied at 25 DAT) (120.50) whereas T8 (Control) gave the 

lowest number of grains panicle
-1

 (91.76). The increase in number of grains panicle
-1

 

might be due to increased potash uptake efficiency when applied at maximum tillering 

and at panicle initiation stages. The positive response of potassium application on 

number of grains panicle
-1

 in rice crop has also been conveyed by Lauchli and Pfluger 

(1979) and Malik et al. (1988). Potassium helped in proper filling of seeds which 

resulted higher number of plump seeds and thus increased the number of grains 

panicle
-1 

(Uddin et al., 2012b). 

 

4.2.2.5 Number of unfilled spikelets panicle
-1 

 
The statistical results of number of unfilled spikelets panicle

-1
 as influenced by 

different potassium fertilizer management are presented in Table 4.5. No significant 

difference was observed in the number of unfilled spikelets panicle
-1

 among the 

treatments tested in this experiment. The maximum number of unfilled spikelets 

panicle
-1

 (28.95) was occurred in T8 (Control) although the minimum number (17.70) 

was recorded from T6 (½ potash applied at 25 DAT and remaining ½ at 45 DAT). 

Uddin et al. (2012b) reported that the higher number of unfilled spikelets panicle
-1

 

was observed when no potassium fertilizer was applied. 
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Figure 4.6 Effect of potassium fertilizer management on number of spikelets, 

grains and unfilled spikelets panicle
-1

 of rice during the wet season, 

2014 

 

4.2.2.6 1000 grain weight (g) 

 In wet season experiment, 1000 grain weight was not significantly affected by 

different potassium fertilizer management under the study (Table 4.5). 1000 grain 

weight ranged from 16.52 g to 17.66 g. Matsushima (1980) stated that the weight of 

1000 grains always exhibits the least variation under any cultural seasons and 

practices, compared with other components. 
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Table 4.5 Mean effect of potassium fertilizer management on yield and yield components of rice during wet season, 2014 

Treatment 
Number of panicles 

hill
-1

 

Panicle length 

(cm) 

Number of spikelets 

panicle
-1

 

Number of grains 

panicle
-1

 

Number of unfilled 

spikelets panicle
-1

 

1000 grain 

weight (g) 

T1 16.23 bc 20.47 bc 122.58 c 102.65 cd 19.94 17.34 

T2 21.07 a 23.20 a 141.73 a 120.50 a 21.23 17.45 

T3 18.80 ab 22.37 ab 124.90 bc 105.80 c 19.10 17.66 

T4 17.88 abc 22.06 abc 136.49 a 112.49 b 24.00 17.02 

T5 20.26 a 21.16 bc 133.20 ab 114.04 b 19.17 17.18 

T6 20.89 a 23.38 a 141.99 a 124.29 a 17.70 17.13 

T7 18.37 ab 21.83 abc 121.78 c 101.21 d 20.57 16.57 

T8 14.60 c 20.38 c 120.70 c 91.76 e 28.95 16.52 

LSD0.05 3.50 1.91 9.18 4.20 8.40 0.90 

Pr>F * * ** ** ns ns 

CV% 10.81 5.93 4.02 2.20 22.49 3.00 

Means followed by different letters in the same column are significantly different by LSD test at 5% level.  

*Significant difference at 5% level, **Significant difference at 1% level, ns non-significant difference 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all potash applied at 45 DAT), T4 – (½ potash applied as basal and  

remaining ½ at 25 DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash applied at 25 DAT and remaining ½ at 

45 DAT), T7 – (1/3 potash applied as basal, 1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 

4
8
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4.2.2.7 Filled grain % 

 Effect of different potassium fertilizer management on filled grain % is shown 

in Table 4.6. In this experiment, significant differences of filled grain % were 

observed among the treatment at 5% level of significance. The maximum filled grain 

percentage (87.60) was acquired by T6 (½ potash applied at 25 DAT and remaining ½ 

at 45 DAT) although it was not remarkably diverse from other treatments except T8. 

T8 (Control) produced the lowest filled grain percent (76.13). Yoshida et al. (1972) 

reported that weather conditions, cultural management and nutrient supply greatly 

influence each yield component of rice. Use of potassium, especially at the later 

growth stage of crop growth is believed to reduce the sterility percentage of rice 

(Uddin et al. 2012a). 

 

4.2.2.8 Straw yield (g hill
-1

) 

 Mean values of straw yield as influenced by potassium fertilizer management 

is presented in Table 4.6. In wet season experiment, significant differences were not 

found among the treatments. However, maximum straw yield (46.93 g hill
-1

) and 

(44.96 g hill
-1

) was provided by T2 (all potash applied at 25 DAT) and T6 (½ potash 

applied at 25 DAT and remaining ½ at 45 DAT) whereas T8 (Control) produced the 

minimum straw yield (32.53 g). Kamalanathan and Arivazhagan (2003) concluded 

that basal skipping of potash and application of entire quantity of potash into two 

equal splits viz. 50% potash each at tillering and panicle initiation stages resulted in 

higher growth and grain and straw yield of rice in Kharif and Rabi seasons, 

respectively. 

 

4.2.2.9 Grain yield (g hill
-1

) 

 Grain yield of rice as affected by different potassium fertilizer management is 

demonstrated in Table 4.6. It can be clearly seen that there was a highly significant 

difference on grain yield among the treatments tested in this experiment at 1% level. 

Grain yield ranged from 26.26 g hill
-1 

to 44.80 g hill
-1

. The highest grain yield (44.80 

g hill
-1

) was procured by T2 (all potash applied at 25 DAT) which was statistically 

similar to that of T6 (½ potash applied at 25 DAT and remaining ½ at 45 DAT) (43.50 
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g hill
-1

). The lowest grain yield (26.26 g hill
-1

) was obtained from T8 (Control). T1 

(all potash applied as basal) produced the second lowest grain yield (30.81 g hill
-1

). 

 This result is similar to that of Ali et al. (2005) who noted that among the 

different time of potash application treatments, maximum increase in paddy yield was 

obtained with potassium broadcasting 25 days after transplanting. Manzoor et al. 

(2008) also reported that maximum paddy yield was recorded in the treatment where 

potash was applied in two equal splits ½ at 25 DAT and ½ at 45 DAT, which was at 

par with the treatment where whole of potash was applied at 25 DAT. Samrathlal et 

al. (2003) and Awan et al. (2007) also claimed that significantly increased grain yield 

of rice crop was obtained when potash was applied in two equal splits.  Ghosh et al. 

(1995) reported  that  grain  yield  was  increased  by  split  application  of  K  as  

compared with 100% basal application. Similarly, Haque et al. (1982) and Ismumadji 

et al. (1982) also reported yield increases in lowland rice with the split application of 

K
+
. Increase in yield of rice might be due to prolonged availability of K in soil, 

significant decrease in number of chaff grain, increased tillering and concentration of 

K in straw and grain (Ravichandran and Sriramachandrasekharan 2011). 

 

4.2.2.10 Biological yield (g hill
-1

) 

 Different methods of potassium fertilizer application showed the highly 

significant difference on the biological yield of rice at 1% level of significance during 

the wet season, 2014 (Table 4.6). The maximum values of biological yield (91.73 g 

hill
-1

) was perceived by T2 (all potash applied at 25 DAT) and it was followed by T6 

(½ potash applied at 25 DAT and remaining ½ at 45 DAT) (88.45 g hill
-1

). The 

minimum biological yield (58.79 g hill
-1

) was recorded from T8 (Control). 
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Table 4.6 Yield and yield components of rice as affected by potassium fertilizer management during wet season, 2014 

Treatment Filled grain % 
Straw yield            

(g hill
-1

) 

Biological yield    

(g hill
-1

) 

Grain yield         

(g hill
-1

) 

Increase over 

control 

T1 83.74 ab 35.78 66.58 de 30.81 e 14.77 

T2 85.08 ab 46.93 91.73 a 44.80 a 41.38 

T3 84.71 ab 41.26 77.94 bc 36.68 c 28.41 

T4 82.46 b 38.97 74.34 cd 35.38 c 25.78 

T5 85.68 ab 43.94 84.20 ab 40.26 b 34.77 

T6 87.60 a 44.96 88.45 a 43.50 a 39.63 

T7 83.56 ab 37.01 69.37 d 32.36 d 18.85 

T8 76.13 c 32.53 58.79 e 26.26 f - 

LSD0.05 5.04 9.12 8.51 1.32  

Pr>F * ns ** **  

CV% 3.44 12.96 6.36 2.08  

Means followed by different letters in the same column are significantly different by LSD test at 5% level.  

*Significant difference at 5% level, **Significant difference at 1% level, ns non-significant difference 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all potash applied at 45 DAT), T4 – (½ potash applied as basal and  

remaining ½ at 25 DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash applied at 25 DAT and remaining ½ at 

45 DAT), T7 – (1/3 potash applied as basal, 1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 

5
1
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4.2.2.11 Grain harvest index (GHI) 

 Effect of different potassium fertilizer management on grain harvest index is 

exhibited in Table 4.7. In wet season experiment, no significant response was 

observed among the treatments. However, the maximum value of harvest index (0.49) 

was achieved by T2 (all potash applied at 25 DAT) and T6 (½ potash applied at 25 

DAT and remaining ½ at 45 DAT) whereas the minimum harvest index (0.45) was 

obtained from T8 (Control). 

 

4.2.3 Potassium Use Efficiency (KUE) 

 In the wet season experiment, potassium use efficiency (KUE) as influenced 

by different methods of potassium fertilizer application is described in Table 4.8. The 

values ranged from 65.55 to 95.33. The highest values of KUE (39.45) was calculated 

from T2 (all potash applied at 25 DAT) and it was followed by that of T6 (½ potash 

applied at 25 DAT and remaining ½ at 45 DAT) (36.67). T1 (all potash applied as 

basal) provided the lowest value of KUE (9.67). KUE is an important index in 

determining crop yield (Fageria 1992). 

 

 

 

 

 

 

 

 

 

 

 

 



53 
 

Table 4.7 Mean effect of potassium fertilizer management on grain harvest index 

(GHI) and potassium use efficiency (KUE) during the wet season, 2014 

Treatment GHI  KUE 

T1 0.46 9.67 e 

T2 0.49 39.45 a 

T3 0.47 22.17 c 

T4 0.48 19.39 c 

T5 0.48 29.79 b 

T6 0.49 36.67 a 

T7 0.47 12.98 d 

T8 0.45 - 

LSD0.05 0.04 2.91 

Pr>F ns ** 

CV% 4.95 7.83 

Means followed by different letters in the same column are significantly different by 

LSD test at 5% level. 

*Significant difference at 5% level, **Significant difference at 1% level, ns non-

significant difference 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all 

potash applied at 45 DAT), T4 – (½ potash applied as basal and remaining ½ at 25 

DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash 

applied at 25 DAT and remaining ½ at 45 DAT), T7 – (1/3 potash applied as basal, 

1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 
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4.2.4 Correlation between yield and yield components of rice  

 The relationship between the yield and yield components of rice as affected by 

different potassium fertilizer management during the wet season, 2014 is presented in 

Table 4.8. In wet season experiment, grain yield was highly significant and positively 

correlated with number of panicles hill
-1

, number of spikelets panicle
-1

 and grain 

harvest index at 1% level and panicle length and filled grain % at 5% level. Number 

of spikelets panicle
-1

 was significant and positively correlated with harvest index and 

panicle length at 1% and 5% level respectively. Grain harvest index was highly and 

positively correlated with number of panicles hill
-1

 and panicle length at 1% level of 

significance. It was also found that there was a strong correlation between the number 

of panicles hill
-1

 and filled grain %. Number of panicles hill
-1

 was significant and 

positively correlated with number of spikelets panicle
-1

 and panicle length at 5% 

level.  

 

4.3 Pooled analysis of yield and yield components of rice (dry and wet seasons, 

2014) 

 The data regarding the yield and yield components of rice during the two 

seasons were nearly similar and therefore these were pooled. The mean data of two 

seasons are presented in Table 4.9. Yield and yield related traits were highly 

significantly different among the treatments tested in this experiment whereas no 

significant difference was observed in the number of spikelets panicle
-1

, 1000 grain 

weight and filled grain % between the two seasons. In both seasons, T2 (all potash 

applied at 25 DAT) and T6 (½ potash applied at 25 DAT and remaining ½ at 45 

DAT) produced the maximum grain yield and T8 (Control) showed the minimum 

grain yield of rice. 
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Table 4.8 Correlation between yield and yield components of rice as affected by different potassium fertilizer management during the 

wet season, 2014 

 No. of panicles 

hill
-1

 

No. of 

spikelets 

panicle
-1

 

Grain 

Harvest 

index 

Panicle 

length 

1000 grain 

weight 

Filled grain 

% 

Yield 

No. of panicle hill
-1

 1       

No. of spikelets panicle
-1

 0.7879* 1      

Grain Harvest index 0.9403** 0.9229** 1     

Panicle length 0.8186* 0.7651* 0.8565** 1    

1000 grain weight 0.4878 0.3677 0.4187 0.3986 1   

Filled grain % 0.8657** 0.5957 0.7953* 0.6594 0.6192 1  

Yield 0.9685** 0.8854** 0.9527** 0.8287* 0.5783 0.8234* 1 

*Significant difference at 5% level, **Significant difference at 1% level 

 

5
5
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Table 4.9 Pooled analysis of yield and yield components of rice as affected by 

potassium fertilizer management from the dry and wet seasons, 2014  

Treatment 
Number of 

panicles hill
-1

 

Number of 

spikelets 

panicle
-1

 

1000 grain 

weight (g) 

Filled grain 

% 

Grain yield        

(g hill
-1

) 

T1 18.12 cd 123.83 bc 17.47 84.19 ab 33.62 d 

T2 22.37 a 142.98 a 17.53 85.43 ab 47.96 a 

T3 20.40 abc 126.15 bc 17.74 85.16 ab 39.57 c 

T4 19.44 bc 137.74 a 17.09 82.91 b 38.60 c 

T5 21.47 ab 134.45 ab 17.26 86.13 ab 43.32 b 

T6 22.11 a 143.24 a 17.20 87.97 a 47.42 a 

T7 19.68 abc 123.03 c 16.62 83.94 ab 34.55 d 

T8 16.13 d 121.95 c 16.60 76.58 c 29.05 e 

LSD0.05 1.69 7.04 0.50 3.07 1.08 

Pr>F ** ** ** ** ** 

Season x 

Treatments 
** ns ns ns ** 

CV% 7.2 4.6 2.5 3.1 2.3 

Means followed by different letters in the same column are significantly different by 

LSD test at 5% level. 

*Significant difference at 5% level, **Significant difference at 1% level, ns non-

significant difference 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all 

potash applied at 45 DAT), T4 – (½ potash applied as basal and remaining ½ at 25 

DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash 

applied at 25 DAT and remaining ½ at 45 DAT), T7 – (1/3 potash applied as basal, 

1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 
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CHAPTER V 

CONCLUSION 

The present study emphasized the effect of different time of potassium 

fertilizer application on the yield and yield components of rice during the dry and wet 

season of 2014.  

Base on the two strong investigations, yield and yield components with 

nutrient use efficiency were responded to different application time of potassium 

fertilizer. T6 (½ potash applied at 25 DAT and remaining ½ at 45 DAT) and T2 (all 

potash applied at 25 DAT) produced more grain yield in both seasons. Lower grain 

yield was achieved at control and only basal application treatments. The greater 

potassium use efficiency was obtained by the application of potash at 25 DAT and 

two splits at 25 DAT and 45 DAT treatments. 

The increased grain yield of rice as a result of potassium fertilizer application 

at recommended rate having two equal splits (½ potash applied at 25 DAT and 

remaining ½ at 45 DAT) was accredited directly to continuous supply of potassium to 

the crop during crop growth period. The rice plant ultimately proved more beneficial 

and increased in panicle length, number of effective tillers hill
-1

 and number of grains 

panicle
-1

 while decreased percentage of sterile grain by enhancing grain filling. 

Furthermore, this practice may prove helpful in case when full quantity of potash is 

not available at transplanting or the financial status of the farmer may not allow him 

to purchase the total quantity of potash at one time. 

 According to the results of this study, basal application of potash (traditional 

method) can be replaced by a late application of potash at 25 DAT (maximum 

tillering stage) and split application of potash in two splits ½ at 25 DAT and 

remaining ½ at 45 DAT can be promoted for getting maximum benefit. Since this 

study was tested with Shwethweyin variety under irrigated lowland conditions in the 

pots, field studies of the treatments used in this experiment should be carried out to 

further ascertain their effects on the KUE and yield of popular rice varieties under 

different rice agroecosystems. 
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APPENDICES 

Appendix 1 Total rainfall, temperature and relative humidity data at Yezin 

during experimental period (2014) 

 

 

 

 

 

 

 

 

 

 

 

 

Month 
Temperature (°C) Rainfall 

(mm) 

Relative 

Humidity (%) Maximum Minimum 

February 33.7 15.2 0 51 

March 37.8 19.2 0 42 

April 38.8 23.4 8 51 

May 37.9 23.8 71 60 

June 34.4 23.4 217 76 

July 32.4 23.1 148 84 

August 31.9 23.6 369 88 

September 33.5 23.9 160 80 

October 33.8 22 114 85 
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Appendix 2 Effect of different methods of potassium fertilizer management on plant height of rice at different growth stages during the 

dry season, 2014 

Treatment 
Plant height (cm) 

14 DAT 21 DAT 28 DAT 35 DAT 42 DAT 49 DAT 56 DAT 

T1 36.13 46.86 a 57.25 64.94 73.78 86.30 bc 101.31 bc 

T2 34.83 45.11 ab 57.85 65.58 73.98 85.24 bc 102.55 ab 

T3 35.36 42.91 bc 55.20 63.79 75.75 89.76 a 104.38 a 

T4 35.19 42.21 bc 56.10 65.51 75.09 86.60 b 99.10 cd 

T5 36.78 46.11 a 56.48 64.63 76.41 87.89 ab 102.91 ab 

T6 35.29 44.10 abc 53.38 65.31 76.46 86.09 bc 101.64 abc 

T7 35.21 42.35 bc 53.89 63.59 72.97 83.58 cd 99.04 cd 

T8 34.61 41.88 c 52.34 63.58 72.75 81.63 d 96.84 d 

LSD0.05 2.36 2.95 4.17 3.48 3.39 2.93 2.77 

Pr>F ns * ns ns ns ** ** 

CV% 4.5 4.6 5.1 3.7 3.1 2.3 1.9 

Means followed by different letters in the same column are significantly different by LSD test at 5% level.  

*Significant difference at 5% level, **Significant difference at 1% level, ns non-significant difference 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all potash applied at 45 DAT), T4 – (½ potash applied as basal and  

remaining ½ at 25 DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash applied at 25 DAT and remaining ½ at 

45 DAT), T7 – (1/3 potash applied as basal, 1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 

7
0
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Appendix 3 Effect of different methods of potassium fertilizer management on number of tillers hill
-1

 at different growth stages during 

the dry season, 2014 

Treatment 
Number of tillers hill

-1
 

14 DAT 21 DAT 28 DAT 35 DAT 42 DAT 49 DAT 56 DAT 

T1 3.13 6.13 11.63 13.75 d 23.88 b 27.75 abc 28.50 ab 

T2 2.88 6.63 10.50 16.38 a 27.25 a 30.25 a 30.38 a 

T3 2.88 5.63 10.37 15.13 bc 25.25 ab 28.63 ab 26.88 bc 

T4 2.75 6.00 9.63 14.13 cd 23.88 b 25.75 bc 25.75 c 

T5 2.50 5.88 9.88 15.63 ab 27.13 a 30.00 a 29.63 a 

T6 3.13 5.88 10.63 15.75 ab 27.00 a 30.50 a 29.13 ab 

T7 2.38 5.38 9.25 15.50 ab 24.13 b 29.38 ab 29.38 a 

T8 2.25 5.50 8.50 13.75 d 20.00 c 24.13 c 25.00 c 

LSD0.05 0.72 1.10 1.83 1.20 2.63 3.67 2.46 

Pr>F ns ns ns ** ** * ** 

CV% 18.0 12.7 12.4 5.5 7.2 8.8 6.0 

Means followed by different letters in the same column are significantly different by LSD test at 5% level.  

*Significant difference at 5% level, **Significant difference at 1% level, ns non-significant difference 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all potash applied at 45 DAT), T4 – (½ potash applied as basal and  

remaining ½ at 25 DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash applied at 25 DAT and remaining ½ at 

45 DAT), T7 – (1/3 potash applied as basal, 1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 

7
1
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Appendix 4 Effect of different methods of potassium fertilizer management on plant height of rice at different growth stages during the 

wet season, 2014 

Treatment 
Plant height (cm) 

14DAT 21 DAT 28 DAT 35 DAT 42 DAT 49 DAT 56 DAT 

T1 32.88 43.56 a 53.78 60.94 ab 69.73 81.70 ab 96.16 abc 

T2 30.63 40.11 b 53.85 61.98 a 70.58 81.44 ab 97.65 ab 

T3 31.25 37.51 c 49.60 57.99 c 70.05 83.56 a 99.07 a 

T4 32.04 39.21 bc 52.00 62.34 a 72.29 82.30 ab 94.40 bc 

T5 33.67 42.81 a 52.78 59.83 abc 71.91 81.69 ab 99.51 a 

T6 30.79 38.90 bc 48.48 60.91 ab 72.26 82.59 ab 98.94 a 

T7 32.11 38.95 bc 50.57 60.39 abc 69.77 79.48 bc 96.34 abc 

T8 31.11 38.08 bc 49.04 58.78 bc 69.05 77.33 c 92.64 c 

LSD0.05 2.10 2.27 4.21 2.71 3.38 3.61 3.77 

Pr>F ns ** ns * ns * * 

CV% 4.48 3.87 5.58 3.05 3.25 3.02 2.65 

Means followed by different letters in the same column are significantly different by LSD test at 5% level.  

*Significant difference at 5% level, **Significant difference at 1% level, ns non-significant difference 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all potash applied at 45 DAT), T4 – (½ potash applied as basal and  

remaining ½ at 25 DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash applied at 25 DAT and remaining ½ at 

45 DAT), T7 – (1/3 potash applied as basal, 1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 

7
2

6
9
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Appendix 5 Effect of different methods of potassium fertilizer management on number of tillers hill
-1

 at different growth stages during 

the wet season, 2014 

Treatment 
Number of tillers hill

-1
 

14DAT 21 DAT 28 DAT 35 DAT 42 DAT 49 DAT 56 DAT 

T1 3.01 5.93 11.11 a 14.16 c 23.73 bc 23.92 ab 22.97 bc 

T2 2.56 5.33 9.90 ab 15.86 a 25.75 a 25.75 a 26.16 a 

T3 2.45 5.21 9.13 bc 14.79 bc 23.68 bc 24.89 ab 24.14 abc 

T4 2.86 5.77 9.50 bc 14.50 bc 23.77 b 21.95 bc 21.83 c 

T5 2.61 5.75 9.74 abc 15.20 ab 25.43 ab 25.30 ab 24.73 ab 

T6 2.43 5.44 9.73 bc 15.41 ab 25.53 ab 25.89 a 25.03 ab 

T7 2.70 5.50 9.37 bc 15.24 ab 23.82 b 24.16 ab 23.98 abc 

T8 2.37 5.37 8.44 c 14.16 c 21.85 c 20.00 c 18.90 d 

LSD0.05 0.71 0.75 1.38 0.95 1.91 3.39 2.75 

Pr>F Ns Ns * * ** * ** 

CV% 18.52 9.25 9.76 4.34 5.36 9.61 7.99 

Means followed by different letters in the same column are significantly different by LSD test at 5% level.  

*Significant difference at 5% level, **Significant difference at 1% level, ns non-significant difference 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all potash applied at 45 DAT), T4 – (½ potash applied as basal and  

remaining ½ at 25 DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash applied at 25 DAT and remaining ½ at 

45 DAT), T7 – (1/3 potash applied as basal, 1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 
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Appendix 6 Effect of potassium fertilizer management on grain yield of rice 

during the dry season, 2014 

Treatment 

Yield 

Basket / acre Ton/ ha 

T1 228.39 c 11.80 c 

T2 320.39 a 16.55 a 

T3 266.08 bc 13.75 bc 

T4 259.91 bc 13.43 bc 

T5 287.80 ab 14.87 ab 

T6 320.00 a 16.53 a 

T7 226.84 c 11.72 c 

T8 173.70 d 8.98 d 

LSD0.05 41.11 2.12 

Pr>F ** ** 

CV% 9.01 9.01 

Means followed by different letters in the same column are significantly different by 

LSD test at 5% level. 

*Significant difference at 5% level, **Significant difference at 1% level, ns non-

significant difference 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all 

potash applied at 45 DAT), T4 – (½ potash applied as basal and remaining ½ at 25 

DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash 

applied at 25 DAT and remaining ½ at 45 DAT), T7 – (1/3 potash applied as basal, 

1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 
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Appendix 7 Effect of potassium fertilizer management on grain yield of rice 

during the wet season, 2014 

Treatment 
Yield 

Basket/acre Ton/ha 

T1 185.05 d 9.56 d 

T2 276.89 a 14.31 a 

T3 221.04 bc 11.42 bc 

T4 214.49 c 11.08 c 

T5 240.61 b 12.43 b 

T6 276.28 a 14.27 a 

T7 192.83 d 9.96 d 

T8 138.37 e 7.15 e 

LSD0.05 20.07 1.04 

Pr>F ** ** 

CV% 5.25 5.25 

Means followed by different letters in the same column are significantly different by 

LSD test at 5% level. 

*Significant difference at 5% level, **Significant difference at 1% level, ns non-

significant difference 

T1 – (all potash applied as basal), T2 – (all potash applied at 25 DAT), T3 – (all 

potash applied at 45 DAT), T4 – (½ potash applied as basal and remaining ½ at 25 

DAT), T5 – (½ potash applied as basal and remaining ½ at 45 DAT), T6 – (½ potash 

applied at 25 DAT and remaining ½ at 45 DAT), T7 – (1/3 potash applied as basal, 

1/3 at 25 DAT and remaining 1/3 at 45 DAT), T8 – (Control) 

 


