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ABSTRACT 

A series of trials, including hydroponics and soil experiments, were conducted to 

document the phenotypic variation among rice genotypes and the response of selected 

genotypes to inorganic and/ or organic sources of K under standard rice management (SRM) 

and system of rice intensification (SRI). In a solution culture study, changes in growth 

attributes under both deficient and adequate K levels indicated differential adaptation of 26 

rice genotypes. Three of 26 genotypes, namely, IR-6, Super basmati and 99509, were selected 

for subsequent studies on the basis of their differential responses for K use efficiency (KUE), 

shoot biomass, and K uptake at deficient and adequate K levels. The categorization of rice 

genotypes was made using the index scoring technique. Accordingly, 99509 was categorized 

as highly efficient-medium responsive, Super basmati as medium efficient-medium 

responsive, while IR-6 as low efficient-low responsive. 

Correlation among various growth parameters was calculated, and a strong correlation 

was found among shoot biomass, KUE, and total K uptake. The growth and yield responses of 

these selected genotypes were subsequently studied with exogenously applied K (K2SO4) in 

pot trials. On overall basis, the KUE determined the responses of various growth and yield 

parameters against varying levels of K application. Again, the order of genotypes with respect 

to KUE was found to be the same as that observed in the hydroponic study, i.e., 99509 was 

found to be highly efficient, Super basmati was medium efficient, and IR-6 was non-efficient 

in term of growth and yield attribute formation. A dose of 60 kg K ha-1 was found optimum 

for increasing most of the growth and yield attributes of the three rice genotypes, which was 

very close to that calculated amounts obtained using the quadratic model.  

Keeping in view the cumulative effects, a dose of 60 kg K ha-1 was selected for 

subsequent field trials. Thereafter, the genotypes were tested under the conventional SRM 

(continuously flooded) and SRI (intermittently flooded) systems. The growth, yield and 

quality of the three genotypes were studied under single and integrated use of inorganic and 

organic K fertilizer. Most of the growth and yield attributes gave maximum response with 

integrated application of 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K-enriched compost under 

SRM, while 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-enriched compost proved best under 

SRI. Super basmati gave the maximum grain yield under SRM, while under SRI 99509 was 

best, both with integrated application of 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-enriched 

compost. However, maximum straw yield was produced by 99509 with integrated application 
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of 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-enriched compost under SRM, while integrated 

application of 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K-enriched compost resulted in 

maximum straw yield in Super basmati under SRI. IR-6 remained relatively poor in 

performance in most of the growth and yield parameters.  

It was note worthy that the genotype 99509, which was rated highly efficient in K use 

in hydroponic trial changed its response as medium efficient in K use in field trials (both in 

SRI and SRM), while exactly reverse trend with respect to KUE was observed in case of 

Super basmati. IR-6 remained relatively poor in growth, yield and KUE under both the 

systems of management. Total K uptake and KUE of the genotypes varied with K doses and 

sources under SRM and SRI, affecting the growth and yield parameters of the three rice 

genotypes tested.  Most of the quality parameters under SRI and SRM gave almost similar 

values, implying that SRI had no negative effect on yield and quality of both coarse and fine 

varieties of rice. Moreover, SRI was seen to be a viable approach to save water without 

compromising the yield and quality of the produce, thus it may be adopted as a low-input 

technology system.  
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 ` 

CHAPTER - 1 

INTRODUCTION 

Rice (Oryza sativa L.) is one of the most favoured world cereals and is staple food for 

approximately over half of the world's population for fulfilling their food needs (Dowling et 

al., 1998; Itani et al., 2002). Approximately, 90% of the world’s rice is grown in less 

developed countries, especially in Asia, including Pakistan (Mae, 1997), to assure food 

security for this burgeoning population of the world (Anonymous, 2002). In Pakistan, it is 

providing more people with their daily sustenance than any other cereal. Rice is also one of 

the major cash crops, generating 20% of the foreign exchange for Pakistan. The sustainability 

as well as high yields of rice are needed for food security in many of the subsistence farming 

systems in Asia (Cooper, 1999; Munson, 1985; Marschner, 1995; Fageria and Baligar, 1997). 

However, for the last three decades, rice yields have been almost stagnant, so there is need to 

strive for increases in its production to feed the rapidly growing population. 

Potassium (K) is one of the three essential macronutrients required in large amounts 

for plant growth. This versatility of K nutrition is well documented in enhancing yield and 

quality of rice (Jagadeesh et al., 2006; IRRI, 2007; Srivastava and Singh, 2007; 

Panagiotopoulos et al., 2001) and in sustainable production of other crops (Munson, 1985; 

Marschner, 1995; Fageria and Baligar, 1997). Due to intensive cropping and increased 

application of nitrogen and phosphorus fertilizers in recent years, K deficiency has become a 

limiting nutritional factor for increasing rice yield (Cong et al., 2001; Dobermann et al., 1996; 

Dobermann and Fairhurst, 2000; Yang et al., 2003). Rice needs higher K application as 

compared to other cereals, as about 56-112 kg of K is taken out from the soils by each harvest 

of 4-8 tones rice yield per hectare, and annual K demand for irrigated rice would be 9-15 ×106 

tones by 2025 (Doberman et al., 1998). Due to continuous K mining, significant depletion of 

K from soil has occurred. Widespread K deficiency (>35%) in the soils of Pakistan has been 

reported, which is an alarming situation in the years to come (Akhtar et al., 2003).  

The exogenous application of K has direct effects on the growth and total biomass 

allocation in rice (Samejima et al., 2005). Thus, the enhancement in the K use efficiency has 

become essential in increasing rice production to meet the food requirements of the growing 

population (Yang et al., 2004). Potassium efficiency defined as the ability of plant species to 

obtain relatively high yields of biomass in the presence of a low K supply as compared to non-
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efficient plants (Steingrobe and Claassen, 2000). Use of efficient plants thus could get high 

yields with a low K concentration in their dry matter (Brouder and Cassman, 1990).  

Currently, there is no suitable index of crops responses to K deficiency for breeding 

purposes, which is a major limitation in crop improvement. Therefore, the selection and 

identification of crop genotypes best adapted to soils of low fertility is one of the key 

strategies for the sustainable intensification of agriculture systems (Fageria and Baligar, 1997; 

Baligar et al., 2001). Genotypic differences to tolerate low K stresses in rice have also been 

reported by many researchers (Liu et al., 1987; Li and Xie, 1991; Liu et al., 2000; Yang et al., 

2003; 2004b). However, mechanisms underlying the genotypic differences in K use efficiency 

are not fully understood (Yang et al., 2004). 

Some morphological and physiological characteristics for K absorption have evolved 

in K efficient crops (Chen and Gableman, 1995 and 2000). Differential genetic variations for 

K nutrient uptake and utilization are known to exist in almost all crops (Gunes et al., 2006; 

James et al., 1995; Liu et al., 2000; Baligar et al., 1970; Zhang et al., 1999; Pettersson et al., 

1983). The identification and selection of genotypes, which are efficient in nutrient uptake 

and nutrient use, is considered as one of the most efficient approaches for future breeding 

research programmes (Mahon, 1983) and for increasing low input sustainable agriculture 

(Ozturk et al., 2005; Baligar et al., 2001; Fageria and Baligar, 1997).  

Nutrient use efficiency has been extensively used as a measure of the capacity of a 

plant to acquire and utilize nutrient for biological and grain yield (Gill et al., 2004). The 

flexibility in biomass allocation, root morphology, and root distribution pattern has been 

found to be an important adaptive mechanism for acquiring nutrients (Rengel and Marschner, 

2005; Yang et al., 2005; Xie et al., 2006; Lynch et al., 2007). At the same time, being a major 

structural organ for nutrient uptake, the root system plays an important role in the soil-plant 

system (Lynch et al., 2007) because a high root-shoot ratio is characteristically associated 

with plants growing well on K-deficient soils (Yang et al., 2004a). 

Although chemical fertilizers are a ready source of nutrients as compared to organic 

materials yet sub-optimal doses of fertilizers are often applied due to high cost and poor 

economic condition of the farmers. This results in lower crop yield than the actual yield 

potential. Thus, organic waste is receiving more attention in modern sustainable agriculture to 

enhance crop production (Alburquerque et al., 2007; Togun et al., 2003; Walkowski, 2003). 

The involvement of organic fertilizers has been established as a key strategy not only for 

improving soil organic matter content and nutrient supply to plants (Eneji et al., 2001), but 
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also for reducing the input costs of mineral fertilizers (Erhart et al., 2005). In addition to that, 

it is helpful in reducing pollution through biodegradation of pesticides and for absorbing bad 

odours of decomposition, thus promoting healthier environments (Bhattacharrya et al., 2007; 

Ahmad et al., 2007).  

Waste management is a global concern. Approximately, 900 g of waste is produced 

per person per day, out of which 38-50% is vegetable and fruit waste. Pakistan is faced by the 

volume of 48,000 tonnes of municipal waste, only half of which could be collected (GOP, 

2003). The improper management of wastes results in environmental pollution. This material 

can be composted, enriched with nutrients, and effectively utilized as a supplement to 

chemical fertilizers (Bhattacharyya et al., 2007). Composting offers the most feasible and 

economical way to utilize organic waste in an environment-friendly manner, and at the same 

time, it provides a high quality and inexpensive soil amendment. Through composting, 

organic materials are biochemically converted into humus-like substances (under the 

condition of optimum temperature, moisture and aeration) that can be handled, stored and 

applied to the land without adverse environmental impacts (Gallardo Larva and Nogales, 

1987; Haug, 1993; Lasaridi and Stetifor, 1999).  

Compost products provide a more stabilized form of organic matter than raw wastes 

(McConnell et al., 1993). It has been postulated that integrated use of organic and inorganic 

fertilizers can enhance the efficiency of each other and improve nutrient use efficiency and 

crop productivity (Guar and Geeta, 1993; Gorttappech et al., 2000; Satyanarayana et al., 

2002). Moreover, enrichment of composted material with nutrients is a relatively new 

approach to improve the effectiveness of compost and could convert it into a value-added 

organic fertilizer (Arshad et al., 2004). This value-added organic fertilizer could be used at 

substantially lower rates than raw organic wastes. 

In recent years, many challenges are being faced to overcome food insecurity with 

limited resources available for agriculture, particularly the growing scarcity of available water 

(Tuong, 1999; Wang et al., 2002; Tabbal et al., 2002; Cheong, 2003; Pirmoradian et al., 2004; 

Belder et al., 2004). More than half of the rice fields in the world are flooded lowlands (IRRI, 

1997). Conventional rice production practices require a lot of water that is contributing to a 

severe shortage of water for other crops (Zaho et al., 2007). The Standard Rice Management 

System (SRM) consists of lowland rice production under continuous flooding. Almost all the 

studies done on rice have been oriented to genetic and/ or management practices improvement 

on the assumption that rice is best grown in standing water (Obermueller and Mikkelsen, 
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1974; Bouman and Tuong, 2001; Michael and Pierre-Yves, 1996; Anbumozhi et al., 1998; 

Chi et al., 2001; Roel et al., 1999; Pantuwan et al., 2002b; Grigg et al., 2000; Yang et al., 

2002; Liang et al., 1999). Rice is an obvious target for water conservation in Asia because the 

quantity of water required to produce one kg of rice is significantly greater than that of any 

other major food crop (Bhuiyan, 1992). Thus,  producing more rice with decreasing 

applications of water is crucial for food security.   

Several innovations/ technologies/ strategies have been developed for increasing rice 

grain yield and better meeting the world’s food requirement with a lesser amount of water, but 

previously no one has yet met with full success (Oerka and Dehne, 2004; Guerra et al., 1998; 

Kowal and Kassam, 1978). Now one of the best-known strategies to increase rice yield with 

less amount of water is the System of Rice Intensification (SRI), originating in Madagascar 

rice culture almost three decades ago (in the 1980s). SRI is a set of principles for increasing 

the productivity of irrigated rice by 100% or sometimes even more (an increase from 2 to 8 

tones ha-1 was reported from an initial evaluation in Madagascar), with water saving of around 

50% (Uphoff and Randriamimiharisoa, 2002; Stoop et al., 2002). In fact, SRI is not 

considered as a fixed technology package (Stoop et al., 2002). The system recognizes rice as 

having great unattained internal potential for tillering and grain filling and seeks to provide an 

optimum environment in order to allow the plant to manifest such potential with soil that is 

optimally moist but with no standing water (upland conditions).  

SRI as a low external-input agricultural technology developed particularly for poor 

farmers has received a fair amount of attention in recent years (Moser and Barrett, 2003; 

Kabir and Uphoff, 2007; Sato and Uphoff, 2007; Sinha and Talati, 2008). Integration of crop 

production factors through SRI could result in synergistic effects on crop growth attributes 

which mobilize currently untapped production potentials of rice and other cereals grain crops 

(Stoop et al., 2002). 

It would be interesting to study the possible effects of continuously flooded vs. 

intermittently flooded soil ecology on yield and quality of genotypically-varying rice cultivars 

under SRI vs SRM, respectively. Hardly any research has been conducted to assess the impact 

of K-enriched compost on the growth and yield of genotypically-varying rice cultivars. So it 

is hypothesized that rice cultivars may vary with respect to their potassium use efficiency 

(KUE) and, further, may respond differentially to organic and inorganic K sources. Their 

response in terms of KUE may further vary between the system of rice intensification (SRI) as 
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compared to standard rice management (SRM). A series of studies was thus conducted to 

assess these relationships. The research proceeded with  the following components: 

1. Explore genotypic variation in rice cultivars for their potassium use efficiency (KUE) 

using a hydroponics system. 

2. Selecti rice cultivars that are highly efficient (HE), medium efficient (ME), or non-

efficient (NE) with respect to KUE, using index scoring (Gill et al., 2004b). 

3. Study the impact of supplying the soil with organic and inorganic sources of K 

fertilizers on the growth and yield of selected rice cultivars (HE, ME and NE) which 

vary in their respective KUEs. 

4. Consider the benefits from addition of K-enriched compost, integrated with inorganic 

K fertilizer, in terms of enhancing the growth and yield of selected rice cultivars. 

5. Explore the adaptation and economics of the system of rice intensification (SRI) under 

the agro-climatic conditions of Pakistan, considering the influence of different K 

application levels and sources. 
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CHAPTER - 2 

REVIEW OF LITERATURE 

2.1 Potassium as a plant nutrient 

After nitrogen (N), potassium (K) is one of the most essential and often limiting plant 

nutrients, which needs to be applied in sufficient amounts to attain a healthy and productive 

crop (IRRI, 2007). The significance of ensuring sufficient K in agriculture is mounting in 

South Asia for enhancing soil productivity in terms of economic returns and food security 

(Bhattacharyya et al., 2007). Potassium, an alkali metal, derived from the word "potash" (Los 

Alamos National Laboratory-potassium: http://periodic.lanl.gov/elements/19.html), is 

considered a very versatile element for its wide range of biochemical and physiological 

activities in plants (Krauss, 1997). It is essential for activation of key enzymes, protein 

synthesis and photosynthesis (Marschner, 1995; Silva, 2004), for osmoregulation during cell 

expansion and stomatal movements, necessary for phloem solute transport and for the 

maintenance of cation:anion balance in the cytosol as well as in the vacuole (Caves et al., 

2005). Surprisingly, such an important element is still considered as the forgotten nutrient in 

many parts of the world (Krauss, 1997), and unfortunately K research and development has 

not received due attention. Keeping in view the importance of K as a plant nutrient, it is 

highly indispensable that K should be considered in all plant nutrition programs for cost-

effective production and quality produce (Rengel and Damon, 2008).  

Globally, consumption of K has been enhanced at an average rate of 4.4% per annum 

during the period of 1999-2005 (IFA, 2005), and consumption is predicted to increase by a 

further 12% by 2010 to 35.2 Mt K2O (Heffer and Prud’homme, 2006). Although K reserves 

around the globe are abundant for agriculture (Sheldrick, 1985), the escalating cost of 

procuring this nutrient demands the efficient use of K fertilizers, particularly in developing 

countries like Pakistan. In the past, use of K fertilizer has been inadequate in many countries 

including Pakistan where crops and pastures depend on native soil reserves of K.  

Currently, about one-quarter of the arable soils and three-uarters of paddy soils in 

Pakistan are K-deficient (Akhtar et al., 2003). Nguyen-My et al. (2006) reported that 

continuing field experiments across five Asian countries indicated a negative K balance up to 

286 kg K ha-1 year-1, while removal of straw from the field further has a severe impact on K 

balances (Nguyen-My et al., 2006). Rice (produced at 4-8 tones) of grain ha-1 results in 
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extracting about 56-112 kg of K from the soil (Yang et al., 2004). The annual K requirement 

for irrigated rice by 2025 is estimated to be 9-15 Mt (Dobermann et al., 1998). 

2.2  Potassium in soil 

Soil K can be classified into four categories with respect to its availability to plants, 

including i) soil solution K, ii) exchangeable K, iii) fixed or non-exchangeable K (mostly 

positioned in interlayers of 2:1 type clay minerals), and iv) lattice or structural K (Syers, 

1998). Plants can exclusively acquire soil solution K depending upon nutrient dynamics and 

total K content (Yanai et al., 1996). Soil K deficiency is mostly associated with the slow 

release of exchangeable K as compared to plant K acquisition (Sparks and Haung, 1985). The 

high levels of monovalent cations, e.g., Na and NH4, restrict K uptake, and this results in low 

K content of plants (Qi and Spalding, 2004). Short-term K deficiency is due to spatial 

heterogeneity and temporal variation in K availability, primarily because of K transport 

activity of plant roots, resulting in K-enriched/deficient patches (Ashley et al., 2006). 

Widespread K deficiency (>35%) in the soils of Pakistan has been reported, which presents an 

alarming situation in the years to come (Akhtar et al., 2003). Due to intensive cropping and 

increased application of nitrogen and phosphorus fertilizers in recent years, K deficiency has 

become the most limiting nutritional factor for increasing rice yield in many places 

(Dobermann et al., 1996; Dobermann and Fairhurst, 2000; Yang et al., 2003). The depletion 

rate from Pakistani soils is estimated @ 9 mg kg-1 year-1 (18 kg ha-1 year-1) (NARC, 2003). 

In many agricultural regions in the world, particularly in developing countries, nutrient 

deficiencies in plants are widespread (Sillanpää and Vlek, 1985; Snapp et al., 2002; Welch et 

al., 1991). Nutrient deficiencies may  derive from the inherently poor nutrient status of the 

soil, from low mobility of nutrients within the soil, or from limited solubility of the given 

chemical form of the nutrient.  Solubility and mobility of nutrients inside the soil are 

regulated by numerous factors, together with mass flow of water, adsorption capacity, and pH 

(Jungk, 2001; Shuman, 1991). Moreover, the chemical form of nutrients (Crowley and 

Rengel, 1999) and plant-induced changes in the soil adjoining roots (rhizosphere) also play a 

role in nutrient availability (Rengel and Marschner, 2005). 

2.3 Plant K uptake and use efficiency 

Plants usually benefit from two processes in their K uptake, i.e., root interaction with 

the soil matrix, and K movement through diffusion and mass flow. The former process is 

driven by the root growth into the K-rich patches, while the later is accomplished by K flow 

to the roots’ surface through the soil (Jungk and Classen, 1997). Root interception accounts 
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for only <1-2% of total K uptake due to rapid removal of K at the root surface (Rosolem et 

al., 2003a). K transport to the root surface is mainly dominated by diffusion (Seiffert et al., 

1995), which contributes up to 96% of plant K uptake from the soil (Oliveira et al., 2004). 

Plants possess two distinct K transport systems, having low and high affinity components 

(Epstein et al., 1961), that depend on the activities of channels and transporters at molecular 

level, respectively (Maathuis and Sanders, 1997), and with differential K concentration (Leigh 

and Wynjones, 1984). Plant genomes possess a high number of genes that encode K 

transporters and channels (Very and Sentenac, 2003). 

Nutrient use efficiency (NUE) can be defined as “The relative ability of plants to 

produce maximal amounts of dry matter or yield for each increment of nutrient accumulated” 

(Swaider et al., 1991), or the capacity of a genotype to grow and yield well in soils with low 

nutrient availability (Damon and Rengel, 2007; Damon et al., 2007). However, there are a 

number of ways to describe NUE, like nutrient efficiency ratio (Gerloff and Gabelman, 1983), 

physiological efficiency, agronomic efficiency, and apparent nutrient recovery efficiency 

(Baligar et al., 2001). NUE is based on: a) uptake efficiency (acquisition from the soil, influx 

rate into roots and uptake related to the amounts of the particular nutrient applied or present in 

the soil), b) incorporation efficiency (transport to shoot and leaves based on shoot 

parameters), and c) utilization efficiency (based on remobilization, on a whole-plant basis, 

i.e., root and shoot parameters). Clark (1983) reported that plant genotypes might be different 

in their uptake of nutrients and NUE. Efficient plant cultivars usually have higher fertilizer 

use efficiency, which reduces input cost and conserves environmental quality. 

Like for N and P, crops and cultivars even within same species are known to vary 

substantially in their K use efficiency (KUE). Experiments with K fertilizer have shown that 

cereals (monocots) were generally more efficient in K use than dicots (Schachtschabel, 1985), 

but also within plant classes, immense differences in K use efficiency occur (Steingrobe and 

Classen, 2000). It is extremely important to recognize which genotypes have higher KUE, 

which could be utilized in future breeding research for low-input, sustainable and 

environment-friendly agriculture (Gunes et al., 2006).  

 

2.4  Genotypic variations in crops for KUE 

Rice has shown genotypic variations in tolerance to low K stress. In rice, biomass 

production during seedling, tillering, grain production and harvest stages were closely and 

positively correlated with KUE in rice at low levels of K (Hong and Huo, 2004). Variations in 
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the efficiency of K uptake and utilization have been frequently recognized among the 

genotypes for a variety of crop species, including wheat (Damon and Rengel, 2007; Woodend 

et al., 1987), rice (Yang et al., 2004), maize (Farina et al., 1983), barley (Pettersson and 

Jensen´, 1983; Shivay et al., 2003), beans (Shea et al., 1968), soyabean (Sale and Campbell, 

1987), canola (Damon et al., 2007), cotton (Zhang et al., 2007), potato (Trehan et al., 2005; 

Trehan and Sharma, 2002), sweet potato (George et al., 2002), tomato (Chen and Gabelman, 

1995; Figdore et al., 1989), lucern (James et al., 1995), and ramie (Liu et al., 2000), etc. So, it 

is very likely that genotypic variations in K uptake and utilization efficiency exist within all 

the major crop species under a given set of conditions. Research has also been conducted on 

genotypic variations for KUE of several crops in Pakistan (Gill et al., 1997; 2005). 

In developed countries, abundant quantities of fertilizers are applied, resulting in 

surplus inorganic nutrients available in the soil system that may be a source of disorder in usual 

biogeochemical cycles of nutrients (Drinkwater and Snapp, 2007; Kayser and Isselstein, 2005). 

However, recently emphasis has been placed on developing more efficient cultivars for 

sustainable/ low-input agriculture because of increasing prices of fertilizers, environmental 

issues, and enlarged use of poor-quality land (Lynch, 1998; Rengel, 2005; Rengel and 

Marschner, 2005; Trehan, 2005). On the other hand, addition of fertilizers and/ or organic 

amendments is essential for a proper nutrient supply and maximum yield. The overall 

efficiency of applied fertilizer has been reported to be about or lower than 50% for N, 10% 

for P, and about 40% for K ((Baligar et al., 2001).  

Some plant species and genotypes within species have the ability to grow and produce 

well in soils with less available nutrients; such species and genotypes within species are 

considered tolerant to nutrient deficiency (i.e., nutrient efficient) (Brennan and Bolland, 2007; 

El-Dessougi et al., 2002; Rose et al., 2007; Trehan and Claassen, 1998; Damon et al., 2007; 

Damon and Rengel, 2007; Gunes et al., 2006; Marschner et al., 2007; Valizadeh et al., 2003; 

Yang et al., 2004; Rengel, 2005; Rengel and Marschner, 2005). These nutrient-efficient 

genotypes are of prime significance in recent agriculture because they have an ability to 

produce better yields on soils having low fertilizer-use efficiency due to some chemical and 

biological reactions, topsoil drying, subsoil constraints and/ or disease interactions (Graham 

and Rengel, 1993; Lynch, 1998; Rengel and Marschner, 2005). 

The use of these nutrient-efficient genotypes in collaboration with soil fertilization is 

the most favourable nutrient management strategy for sustainable farming systems. Zhang et 

al. (2007) recognized crop genotypes that generate comparatively large biomass per unit of K 
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taken up from the soils where K availability was low. Other researchers (El-Bassam, 1998; 

Woodend et al., 1987; Yang et al., 2003) have reported similar results. Moreover, a positive 

relationship was found among KUE at lower available K and comparative shoot dry weight 

(shoot dry weight at deficient/ adequate K supply) at tillering stage (Yang et al., 2003) and root 

yield (George et al., 2002).  

2.4.1 Physiological aspects of K use and uptake efficiency 

 Uptake efficiency for K is the capacity of plant to convert non-available into available 

forms, reflecting a superior capacity for uptake of K, which is transported to roots by 

diffusion: a slow process that frequently restricts nutrient uptake. However, large quantities of 

K are transported towards roots if a higher concentration gradient between the root surface and 

the bulk soil could be maintained with the help of dynamic K uptake at the root surface (Jungk 

and Claassen, 1997). When the capacity of root cells to get K goes beyond the rate of K 

replenishment at the root surface, the uptake rate will be regulated by the K supply rather than 

by the capability of plants to take K up (Rengel, 1993). Therefore, an enhanced ability of root 

cells to take up K on account of an augmented appearance of high-affinity K uptake systems in 

the plasma membranes under nutrient-deficiency stress is predictable to be of secondary 

importance as an efficiency mechanism for K and other diffusion-supplied nutrients, e.g., P, 

Zn, Mn and Cu (Rengel and Damon, 2008). 

It is vital to have a greater surface area of contact between roots and soil by the 

formation of fine roots (root hairs) for the uptake of diffusion supplied nutrients like K. 

Therefore, K-efficient genotypes might have a moderately larger fraction of thin roots in their 

whole root system compared with K-inefficient genotypes. Although no direct study in 

support of this hypothesis has been reported yet, the hypothesis has been well supported in 

terms of Zn-efficient and Zn-inefficient genotypes (Dong et al., 1995; Rengel and Wheal, 

1997). On the other hand, rapid root turnover may be important for K efficiency of numerous 

plant species when exposed to low K availability (Steingrobe, 2005). In some sandy soils, 

leaching may be a noteworthy loss of K from the system, and it may be valuable to establish 

crops and genotypes that grow fine roots and obtain additional K from the deeper soil profile 

and transport it to other plant parts (Wong et al., 2000). 

Plants may not have the ability to augment root growth in the areas of high K 

availability, yet accelerated growth of lateral root segments in barley was observed when 

exposed to low K concentrations (Ashley et al., 2006). Trehan and Sharma (2002) reported 

that genotypic K efficiency might not be directly linked to increased root growth as a K-
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efficient potato genotype had half the root length of the K-inefficient cultivars, in spite of 

having a comparable shoot growth rate. K-efficient genotypes had more elevated K influx 

than K-inefficient ones (Trehan and Sharma, 2002). 

The ability of roots to take up K at an elevated rate under low external concentrations 

is a momentous potential to manipulate the capability of K uptake. Trehan and Claassen 

(1998) suggested plant-to-plant differences in the high-affinity K-uptake mechanism; for 

instance, potato required nine times higher external K concentration than wheat or sugar beet 

to attain 90% of the highest yield under flowing nutrient solution culture. In contrast, 

dissimilarity in the low affinity K uptake mechanism among vine rootstocks (Ruhl, 2000) and 

wheat genotypes grown in nutrient solution (Glass and Perley, 1980) was suggested to be in a 

center of differential K efficiency. Trehan and Sharma (2002) reported that when potato was 

grown with K deficiency, the K-efficient genotypes had about twice higher K uptake rate than 

the K-inefficient one. Likewise, Chen and Gabelman (1995) screened tomato genotypes, and 

in 18 of 22 tomato genotypes, the higher K uptake was the responsible mechanism, while in 

the remaining 4 genotypes, root length proliferation was singled out as the major mechanism 

for their efficiency. Subsequent work by Chen and Gabelman (2000) confirmed that K 

efficiency in tomato was due to higher net K uptake together with lower pH at the roots’ 

surface. The high K uptake was credited to mobilization of K in the rhizosphere by root 

exudates and associated soil organisms, resulting in higher K concentration in soil solution 

and apoplast, rather than having elevated capacity for K uptake at the root surface. 

Genotypic variation to utilize K could also be attributed to differences in the 

partitioning and redistribution of K at a cellular or whole-plant level, replacement of K with 

other ions, and the partitioning of resources into the economic product (Gerloff, 1987; 

Sattelmacher et al., 1994). Plants need to uphold a K concentration in the range of 60-150 mM 

in the cytosol for best metabolic activity (Amtmann et al., 2005; Cuin et al., 2003; Karley et 

al., 2000; Leigh, 2001), even though vacuolar K concentration may vary between 10 and 200 

mM, and can even go up to 500 mM in the guard cells (Ashley et al., 2006), and cytosolic K 

concentration may be subjected by external K+ and NH4
+ concentrations (Kronzucker et al., 

2003). Potassium concentration in the cytosol and the vacuole differs with the cell type and 

plant age (Fricke et al., 1994). Dissimilarity in the K requirements of tissues is usually 

attributable to differences in the K requirements in the vacuoles and apoplast, in addition to 

the ability to retain cytosolic K at a certain level. 
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2.4.2 Physiological mechanism of efficiency  

The K uptake throughout the vegetative stage may not be interpreted into K 

effectiveness for economic yield. The genotypic differences in harvest index influenced the 

efficacy with which K could be exploited to yield more grains than the ability to utilize K for 

biomass production. Damon and Rengel (2007) reported that K utilization efficiency at stem 

elongation of wheat was positively associated with shoot weight and grain yield at maturity, 

but not with harvest index. Moreover, cytosolic K activity under K deficiency is maintained at 

the cost of vacuolar K activity (Leigh, 2001; Memon et al., 1985), even though vacuolar K 

activity is regulated in a different way in the root and leaf cells (Cuin et al., 2003). Memon et 

al. (1985) proposed that mobilization of vacuolar K into the cytosol was predominantly strong 

in K-efficient in contrast to K-inefficient barley genotypes. 

Accumulation of K in vacuoles generates the essential osmotic potential for cell 

extension. Rapid cell extension necessitates the higher mobility of osmoticum, so only some 

other ions (e.g., Na+) can replace K in its role. Less mobile molecules, for instance, sugars, 

can then carry out osmotic maintenance, and K ions can be partially replaced and recovered 

from vacuoles (Amtmann et al., 2005). The potential for Na+ as a partial substitute for K+ in 

some plant species has been documented (Marschner, 1995). Figdore et al. (1989) identified 

tomato genotypes with high, intermediate or low substitution capacity for Na+ with regard to 

their growth response to Na+ application under deficient K environment. Two genotypes had 

dry weight of 50% over the respective non-salt control treatment, while one genotype had 

only a 6% increase in dry weight over the minus Na control, indicating genotypic differences 

in the capacity to use Na+ to substitute for K+ in physiological functions. It is also appearing 

that the salt tolerance of wild tomato (i.e., Lycopersicon pennellii) has additional efficient K+ 

substitution by Na+ compared to the cultivated tomato, associated with increased K utilization 

efficiency (Taha et al., 2000). 

Ability to translocate K between organs may also be an important mechanism for 

efficient utilization of K within ryegrass plants (Dunlop and Tomkins, 1976). Ability to 

translocate K from non-photosynthetic organs to upper leaves and harvested organs can 

manipulate the genotypic competence to produce greater economic yield per unit of K taken 

up. Two K-efficient rice genotypes had twice higher K concentration in lower leaves but only 

30% higher K concentration in the upper leaves, in contrast with K-inefficient rice genotype 

at the booting stage (Yang et al., 2004). The two K-efficient genotypes also had superior 

stomatal conductance, net photosynthetic rate, and RuBPase activity in the upper and 
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particularly lower leaves compared to a K-inefficient genotype. Fageria et al. (2001) reported 

that the K-efficient genotype was able to uphold a larger photosynthetic capacity during grain 

filling by maintaining a higher K concentration in the lower leaves. Similarly, the high-

yielding bean cultivar, i.e., Diamante Negro, was K-efficient in terms of grain yield per unit of 

K taken up, but a very low amount of tissue K was moved to the grain. By having an 

apparently low requirement for K in grain, this genotype was able to produce more yield at 

low K supply even though the harvest index was not particularly low. 

2.4.3 Harvest index and K 

A high harvest index is elementary to efficient utilization of all assets taken up by the 

plant and is therefore of considerable interest. The fraction of total plant weight that represents 

specifically economic yield, the harvest index, quantifies the capability of a genotype to 

allocate resources, including K, to the harvested organs. The remarkable yield developments 

for many crops that have happened during the 20th century were largely because of 

improvements in harvest index (Hay, 1995). Dambroth and El-Bassam (1983) reported that 

modern varieties of winter wheat were found to produce an average 60% more grains than the 

old ones while the increase in total shoot biomass was only 6%. 

The significance of higher harvest index as a mechanism of K utilization efficiency 

has been extensively documented for a number of species, such as wheat (Damon and Rengel, 

2007; Woodend and Glass, 1993; Zhang et al., 1999), rice (Yang et al., 2004), common bean 

(Fageria et al., 2001), and sweet potato (George et al., 2002). High harvest index at deficient 

K supply and high ratio of harvest index at deficient-to-adequate K supply were the major 

factors determining the tolerance to K deficiency in terms of grain yield for wheat genotypes 

in the field (89 genotypes) and in the glasshouse (12 genotypes) (Damon and Rengel, 2007). 

George et al. (2002) reported that K utilization efficiency of sweet potato genotypes 

was positively linked to harvest index. Similarly in rice, K-efficient genotypes had superior 

harvest indices compared to inefficient ones when grown at low K (Yang et al., 2004). 

Moreover, harvest index was positively interrelated with both grain yield and biomass 

production with per unit of K taken up. Yang et al. (2004) noted that the grain-filling rate was 

seven times less during the second week of grain filling (but similar in the first week) in case 

of K-inefficient rice genotype as that matched with two K-efficient rice genotypes grown on a 

K-deficient soil. Zhang et al. (1999) documented that with four genotypes of wheat grown in 

the field, grain produced per unit of K taken up into above ground parts was positively 

correlated with harvest index and negatively interrelated with stem K concentration at 
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maturity. This indicated that efficient utilization of K within the plant was attributable to the 

ability to allocate biomass to grain and to tolerate low concentration of K in stems. 

Breeding of nutrient-efficient genotypes could progress by using the genetic 

information generated from nutrient-efficiency mechanisms and then transferring such genetic 

information into the locally-adapted crop cultivars (Rengel, 2005). In such breeding 

programmes, genotypes with genes that control an exact mechanism of efficiency may be 

significant, even though they themselves may not illustrate phenotypically-high nutrient-use 

efficiency. However, growth is clearly not an appropriate parameter for distinguishing  ‘cause 

and effects’ relationships in nutrient-deficiency stress. Improved screening techniques need to 

be developed by targeting definite processes that cause or prevent nutrient deficiency rather 

than focusing those that emerge as an outcome of it (Rengel, 2005). 

2.5 Exogenous application of K in improving rice yield 

Nutrition is one of the extremely important factors which has great influence on 

growth, yield and quality of different crops. Optimal nutrition is a prerequisite to achieve 

maximum yield potential of various crops. Chemical fertilizers are used by farmers to fulfill 

the crop nutritional requirements, but presently chemical fertilizers are quite costly and, in 

certain cases, not available when needed. This situation demands explorastion of other 

supplementary sources of nutrients. Integrated use of organic, biological and chemical 

fertilizers can reduce dependence on expensive chemical inputs. 

Application of K in a field study significantly increased grain yield (10.4 to 14.3%), 

nutrient harvest index, and improved transfer of P and N from stem and leaves to panicle in 

rice (Hong and Huo, 2004; Fageria et al., 1990). In contrast to other field crops, rice is most 

susceptible to reduced leaf area and plant dry matter under K starvation (Del Amor and 

Marcelis, 2004).  

Awan et al. (2003) reported that among different application rates of N, P and K, the 

combination of 120-100-75 NPK kg ha-1 produced the maximum paddy yield (4.48 tons ha-1) 

and straw yield (10.62 tons ha-1). Other studies (Doberman et al., 1998; Uddin et al., 2001; 

Islam et al., 2008; Lee et al., 2008; Regmi et al., 2002) have reported similar findings. On the 

other hand, K fertilizer when applied @ 75 kg ha-1 not only decreased the percentages of 

broken rice but also increased the head rice percentage over the other doses and control as 

well (Bahmaniar and Ranjbar, 2007). Maximum paddy yield of 3.24 tons ha-1 and straw yield 

of 3.92 tons ha-1 were obtained with an application of 100 kg K ha-1 (Mehdi et al., 2007). 



 17

Bahmanyar and Ranjbar (2008) reported that all the levels of K application (100, 200 and 300 

kg K2O ha-1 as K2SO4) increased the number of tillers, 1000 grain weight, dry matter and 

grain yield in wheat significantly over the control (no K application) but the effects of all the 

three levels of K on these growth parameters differed non significantly. There was no 

significant response in increasing grain and straw yield when a 1% solution of K was used as 

a foliar application (Manjappa etal., 2008). Sheng (2004) found that the application of K and N 

in the ratio of 1: 0.8 (N:K2O) improved the number of tillers, grain yield, and grain quality. The 

treatment application increased plant K uptake and number of filled grains, while it significantly 

decreased chalkiness and amylose content, which resulted in considerably higher grain yield 

and quality.  

2.6 Organic amendments and crop production 

Soil organic matter is known to improve soil health and availability of plant nutrients 

(Atagana, 2004; Montemurro et al., 2005; Guillaumes et al., 2006). Due to harsh climatic 

conditions and low organic matter input practices, the soils of Pakistan are depleting with 

respect to their organic matter content. Less than 1% organic matter content of our soils 

seriously hampers crop yield on a sustainable basis. There is a dire need to improve organic 

matter status of our soils to enhance soil fertility and soil health. 

Due to the tremendous increase in population, economic growth and urbanization, the 

organic waste production has increased many-fold, and it thus poses a serious threat to our 

environment. It is time to conserve the environment for future generations by using effective 

organic waste management strategies. These considerations demand the development of a 

strategy to manage these wastes in such a way that they could be utilized for improving our 

soils for sustainable agriculture and environment. 

Organic materials/ wastes are available in huge amounts in the form of farm waste, city 

waste, poultry litter, and industrial wastes. As a conventional practice, organic wastes (either 

composted or non-composted) are being used in tons ha-1 for the improvement of crop 

productivity (Nevens and Reheul, 2003; Wolkowski, 2003; Terrance et al., 2004; Abera et al., 

2005; Elherradi et al., 2005). Thus, the availability of organic materials/ wastes in bulk 

volumes (to be applied @ several tons ha-1) could be a limiting factor in its extensive use and 

might not be cost-effective.  

Although some of the organic wastes are utilized to some extent in agriculture, yet most 

of them are either burned or remained unutilized. Both of the later practices not only pose a 

serious threat to the environment but also would result in the loss of useful nutrients from the 
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pool which could otherwise be made available to plants. Organic waste materials are 

considered good nutrient supplements (Bhattacharyya et al., 2007), and their use as soil 

amendments could contribute to enriching soil fertility and recycling economy due to their 

valuable characteristics and nutrient ingredients (Eneji et al., 2001; Erhart et al., 2005). 

However, most of the raw organic wastes are not suitable for direct application to the soil.  

Organic wastes can be successfully utilized as a potential source of nutrients through 

composting, which is an excellent way to manage the huge volume of organic waste and 

convert it into a useful soil conditioner. Composting is a recycling process in which organic 

materials are biologically converted into amorphous and stable humus-like substances (under 

conditions of optimum temperature, moisture and aeration) that can be handled, stored, and 

applied to land without adverse environmental impacts (Millner et al., 1998; Hachicha et al., 

2006). So, composting provides a way to manage big volumes of organic waste in 

environmentally safe manner (Eghball et al., 2004).  

Many scientists have studied the effects of composted organic wastes on different 

crops. Skjelhaugen (1999) implemented a farmer-operated system to promote the recycling of 

organic wastes for agriculture in Norway. As a result, ammonia losses were reduced because 

of low pH of the products, especially during transport, processing and storing. Some studies 

have demonstrated very interesting aspects such as greater water retention in soils 

amended with organic material, and carbon mineralization was very slow, which implied 

that carbon level could be built up over time (Ahmad et al., 2008a, b).  

Composts may also lessen the inputs of mineral fertilizers in conventional agriculture 

and make available a useful nutrient source in organic farming (Erhart et al., 2005). Extensive 

research work and documentation has been carried out about the effects of compost in 

increasing growth and yield of different crops. Erhart et al. (2005) and Arshad et al. (2004) 

make use of various types of composts to evaluate their significance in enhancing the growth, 

yield and quality of different crops and for promoting soil and environmental health. Positive 

effects of this compost were also evident in the case of grain quality. In a pot experiment on 

wheat, higher weight of 1000 grains (up to 26.2% increase over control) was observed in 

response to combined application of N enriched compost and chemical fertilizer (Ahmad et 

al., 2007). 

Thus, this approach could help to obtain high yield potential, on one hand, and reduce 

dependence on chemical fertilizers, on the other hand, without compromising per unit yield. 

This environmentally-friendly strategy can also help in tackling the pollution problem created 
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due to the piling up of huge volumes of organic wastes. Over the last decade, the need for 

supplementary sources of nutrients and strategies to conserve water and soil health have 

been increased tremendously. There is a dire need to adapt approaches/ technologies, 

which could improve soil health and environment on a sustainable basis. 

2.6.1 Integrated use of chemical and organic fertilizers for crop production 

It is now well accomplished that maintaining productivity of a continuous cropping 

system even with the application of the recommended doses of NPK fertilizers may not be 

possible (Mohammad, 1999). However, an integrated use of organic and chemical fertilizers 

may supplement each other’s limitationsfor nutritional deficiencies and reduce dependence on 

chemical fertilizers for sustainable crop production. This approach of partially supplementing 

the inorganic fertilizer with compost has attracted substantial attention worldwide (John et al., 

1998; Mohammad, 1999). Bhattacharrya et al. (2007) and Srikanth (2006) have noted that the 

K uptake by rice grain and straw increased considerably with the combined application of 

organic and chemical fertilizers. It has been reported that integrated use of compost together 

with chemical fertilizers gave privileged yield and better return. The combination of chemical 

fertilizers and organic manures improves chemical fertilizer use efficiency and may reduce 

their losses (Gorttappech et al., 2000). 

Higher yields can be obtained with mixed used of inorganic and organic manures as 

compared to the sole application of inorganic or organic fertilizers (Yamoah et al., 2003). It 

has been understood that integrated use of organic and inorganic fertilizers can enhance crop 

productivity and sustain soil health and fertility (Satyanarayana et al., 2002). Many 

experiments carried out in India and China have shown better crop yields when a combination 

of compost and mineral fertilizers was employed.  

 Research in Pakistan has strongly supported this premise of integrated use of organic 

and chemical fertilizer (Ahmad et al., 2008a, b; Arshad et al., 2009). 

 Similarly, in Bolivia, where potato yields have been decreasing under mineral 

fertilizer applications, the combined applications of mineral fertilizers and compost 

have not only stopped this decline but also boosted potato yield (Zia et al., 2003). 

Higher grain yield of maize was achieved from 12 tons ha-1 biogas slurry with 110/46 

N/P kg ha-1.  

 Jayaprakash et al. (2003) conducted a field experiment to evaluate the effect of 

organic and inorganic fertilizers on the yield and yield attribute of maize under 
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irrigated condition. The treatments consisted of compost @ 2 tones ha-1 and 5 levels 

(100, 125, 150, 175 and 200%) of the recommended doses of chemical fertilizers 

(150: 75: 37.5 kg NPK ha-1). The highest grain yield (6.75 tons ha-1) was recorded 

with the compost application @ 2 tons ha-1 along with 100% NPK, which was 

statistically similar to 200% NPK (6.8 tones ha-1).  

 Kwabiah et al (2003) executed a field experiment in western Kenya to compare the 

effect of organic and inorganic fertilizers on maize (Zea mays L.) yield. Results 

revealed that effect of compost made from the Tithonia croton and Sesbania sesban 

on maize yield were similar to the effects of 50 kg P ha-1 + 120 kg N ha-1 as inorganic 

fertilizer.  

 Similarly, Nevens and Reheaul (2003) reported that application of composted organic 

wastes of vegetables and fruits applied @ 22.5 Mg ha-1 on maize resulted in most 

favorable and reasonable yield with a substantial saving of mineral fertilizer of N.  

 Morsy (2002) performed a pot experiment to assess the effect of organic wastes plus 

recommended fertilizer in improving the growth and yield of maize. Results revealed 

that the organic waste materials improved the plant height, dry matter production, 

fresh weight, water consumption and water use efficiency of maize plant in contrast 

with untreated control. However, compost gave better yield when it was applied @ 

15 tones fed-1 in integration with recommended chemical fertilizer.  

 In the same way, Delgado et al. (2002) considered the impacts of sewage sludge 

compost on maize yield for four years (1996-1999) under field conditions. Maximum 

productivity and growth (20% more than mineral fertilizer alone) was found where 

sewage sludge compost was applied @ 1200 kg ha-1 together with mineral fertilizer 

(350 kg ha-1), followed by 10% increase where 8000 kg ha-1 sewage sludge compost 

along with mineral fertilizer was applied.  

 Rong et al. (2001) reported that application of combined inorganic and organic 

fertilizer increased the growth and yield of maize and promoted maize grain quality 

as well.  

 Similarly, Negassa et al. (2001) reported that integrated use of compost with low rates 

of NP fertilizer was more economical than recommended rate of fertilizer (NP).  

 In the same way, the effect of different nitrogen sources on the growth and N 

accumulation in maize was studied in plots in central Taiwan (Chung et al., 2000), 
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which showed that compost plus an adequate amount of chemical N fertilizer 

produced higher dry matter yield and N accumulation than the conventional chemical 

N fertilizer alone in maize. 

The effectiveness and quality of composted organic waste can be further improved 

through enrichment and blending it with biologically active substances. Moreover, these 

composts can be used as a carrier for plant growth-promoting rhizobacteria (biofertilizer). The 

resulting value-added composts can be used at substantially lower rates such as a few hundred 

kg ha-1 compared with conventional use of organic wastes in tons ha-1. 

The results of extensive experiments are extremely encouraging and have revealed the 

effectiveness of these organic and biofertilizers. The application of value-added compost @ 

300 kg ha-1 in integration with chemical fertilizers improves growth and yield of maize, 

sorghum, wheat and rice crops substantially (Arshad et al., 2009). Experiments were 

conducted at the Institute of Soil and Environmental Sciences, University of Agriculture, 

Faisalabad. Fruit and vegetable wastes were composted by using a locally-fabricated 

mechanical unit comprised of drier, crusher and composter. The recycled compost was 

converted into value-added products through the enrichment/ blending of compost with 

nutrients and/ or plant growth-promoting rhizobacteria. They found very positive effects of 

these soil amendments on soil health and maize production (Ahmad et al., 2008a, b).  

Nishanth and Biswas (2008) reported significant effects of various enriched composts 

(made from straw wastes, waste mica, and rock phosphate) on yield and nutrient uptake by 

wheat (Triticum aestivum L). Results showed a sharp increase in release of water-soluble P 

and K from all types of composts under study. They further added that release of P and K 

from these composts was more at later stages. Enriched composts yielded higher grain yield, 

more K uptake, and increased fertility status of P and K in soils. However, the integrated 

application of enriched composts prepared with rock phosphate (RP) and waste mica along 

with bio-inoculants resulted in the maximum grain yield. It was concluded that enriched 

compost could be an alternate technology for the efficient management of waste of various 

sources in crop production, which could help to reduce the reliance on costly chemical 

fertilizers. 

In two separate pot and field experiments on maize, the biofertilizer made by N-

enriched compost supplemented with 50% recommended N fertilizer and inoculated with a 

selected PGPR strain produced significantly higher cob and grain yields of maize as compared 

to recommended N-enriched compost (Ahmad et al., 2008). Moreover, organic fertilizer made 
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by N-enriched compost supplemented with 50% recommended N fertilizer produced cob and 

grain yields of similar significance as produced with recommended N fertilizer. In a pot 

experiment on wheat, the N-enriched compost blended with plant growth regulator, i.e., auxin 

precursor L-tryptophan, supplemented with 50% N fertilizer produced significant higher straw 

and grain yield than the recommended N fertilizer (Ahmad et al., 2007). In two field 

experiments on radish, the N-enriched compost + 50% recommended dose of N fertilizer 

produced significantly higher yield compared to full dose of chemical N fertilizer (Asghar et 

al., 2006). 

The above review clearly illustrates the importance of bioconversion of organic wastes 

into useful soil amendments and shows that value addition by nutrients and blending with 

biologically active substances can enhance the effectiveness of crop production and 

promotion of environmental quality. However, there exists either little or no study in the 

literature with regard to K-enriched composts. Not a single study has been conducted to 

investigate the importance of these value-added composts enriched with K fertilizers. 

Moreover, the response of differentially K use-efficient crop genotypes has not been studied 

under K-enriched compost vs. inorganic K fertilizer. Rengel and Damon (2008) suggested 

that the inclusion of K-efficient genotypes in farming systems could increase the efficiency of 

K cycling in the soil-crop stubble continuum and would be particularly important in low-input 

agriculture. 

Complementary agriculture management practices will be required for genotypes with 

increased K efficiency to allow for full economic benefit of improved germ plasm. Hence, it 

seems very exciting and quite logical to integrate these important components of crop 

production at one platform to have a more practicable plant nutrition program for low input 

crop production. 

2.7 Water availability and rice production 

Water is a very critical factor for sustainable agriculture. In Pakistan, the agriculture 

sector is the biggest user of available water. According to the National Water Policy (NWP), 

at present, agricultural irrigation uses about 93% of the fresh water currently available. 

Presently, there is immense stress on the quality as well as quantity of water resources in the 

country because of rapid population growth, urbanization and unsustainable water 

consumption practices in the agricultural and industrial sectors.  

The water available for crops is decreasing day by day, and the shortage has been 

estimated to reach 29% for the year 2010 and 33% for 2025 (State of the Environment Report 
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2005). Therefore, water scarcity in agriculture sector is becoming a very serious problem in 

hampering crop yields, but also affecting the rest of the economy and society. 

One of the several strategies to reduce the pressure on scarce water resources could be 

the enhancement in the water use efficiency in agriculture. As global climate change is 

predicted to make rainfall more erratic, there is a pressing need to improve crop production 

per unit of water. For this purpose, different physical, chemical and biological approaches 

could be used to produce more biomass with less quantity of water. 

It is critical for food security to produce more rice with the declining availability of 

water for rice production (Tuong, 1999). Over half of the rice fields in the world are irrigated 

flooded lowlands (IRRI, 1997). Irrigated lowland rice is considered the most vital agricultural 

ecosystem in Asia, and the current and future food security of a majority of the Asian 

population depends on rice. The decreasing quality and quantity of water and increased 

competition for water between urban and industrial users is posting a threat to rice production 

worldwide (Postel, 1997). It is being realized that rice must be grown with less water in order 

to meet the water crisis. Conventionally, 3,000 to 5,000 litres of fresh water are required to 

produce one kg of rice. This underscores the need for finding new approaches to reduce the 

water requirements of rice significantly to produce more rice with less water. 

2.8 Rice cultivation 

Currently, rice is grown primarily by following three set of practices, including: 

i  Lowland flooded rice cultivation (SRM)  

ii  Upland or rainfed rice cultivation  

iii  System of Rice Intensification (SRI) 

2.8.1 Conventional system of rice management (SRM)  

Irrigated lowland rice is a conventional system of rice management (SRM) and is the 

most important agricultural ecosystem in Asia, including Pakistan. SRM involves maintaining 

standing water in rice fields throughout the crop growth periods. To keep water in the fields 

for a longer time, puddling is done, to create a subsurface pan that is minimally penetrated by 

seepage. Puddling requires not only a large quantity of water but also heavy machinery too, 

which needs lot of energy and cost. Water is required for approximately 900-3,000 mm  of 

evapotranspiration (ET) for a full length of rice crop, and about 1 kg of water is consumed to 

produce 0.2-0.4 g of rice, particularly in Pakistan (Toung, 1999). The practice of submerging 
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paddy fields came to existence for weed control as flooding makes weed control easier, 

thereby helping to save labour. 

Rice seedlings are conventionally raised in a thickly sown nursery for a period of 4 to 

5 weeks. Nursery stock being transplanted only at 4-5 weeks usually restrains tillering to a 

maximum of 16 tillers per plant. Generally, two or more seedlings are transplanted together in 

a bunch, into standing water, which leads to competition among their roots. Moreover, 

transplanted seedlings are pushed down into the soil, making their root tips point upwards, 

with the root in the shape of a J. Being put into flooded fields means that the roots experience 

hypoxia as well as trauma. Under such a situation, 2-10 stages of tillering are lost (Reddy, 

2002). The close planting (higher plant population density) in submerged soil conditions 

limits root growth and resulting roots cannot absorb nutrients from deeper soil horizons.  

When rice plants are grown under constantly flooded conditions, particularly during 

their vegetative phase, their roots suffer from hypoxia, and much of the root cortex 

disintegrates due to non-availability of oxygen and formation of aerenchyma (air pockets) 

(Kirk and Bouldin, 1991; Uphoff and Randriamiharisoa, 2002). By the time of flowering, 

about 75 percent of rice roots get deteriorated under continuously saturated soil conditions 

(Kar et al., 1974). This results in an inverse relation between tillering and grain filling (Anita 

and Mathew, 2007). Months after transplanting, about 75 percent of the rice roots growing in 

saturated soils are concentrated in the upper 6 cm of soil as they stayed near the surface to 

obtain whatever dissolved oxygen they could get from irrigation water (Kirk and Solivas, 

1997). Such truncated root system can access nutrients from only an inadequate volume of 

soil, thus having to rely mostly on the nutrients provided by fertilizers.  

However, submerging paddy fields continuously, from the date of planting until 

harvest, creates a different ecology with respect to nutrient availability, and flooded 

conditions are not ideal circumstances for the best performance of rice plants. Submergence/ 

flooding causes certain reduced zones in the soil environment that alter the physical, 

chemical, electrochemical and biological properties of soil (Das, 2005). Under submergence, 

the solubility of certain nutrients like Fe, Mn, S, NH4, P, K, FeS, FeCO3, etc. becomes high 

due to the acidification of the system. This acidification in the root zone causes the 

destruction of aerenchyma (Anita and Mathew, 2007). On the other hand, solubility of some 

of the nutrients like Zn becomes low due to the formation of hydroxides, carbonates and 

suphides, which may affect the growth of the plants. The aerobic microbes may also suffer 

due to the lack of oxygen essential for their survival in the soil during submergence. This 
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could affect the conversion of soil organic matter into humus, the eventual source of plant 

nutrition. 

A majority of the Asian population depends on this system for rice production, but it is 

alarming to note that the sustainability of such a critical system is seriously threatened, largely 

due to the declining water availability due to the competition among urban, agriculture and 

industrial sectors. 

2.8.2 System of rice intensification (SRI) 

The system of rice intensification (SRI) is one of the strategies for growing rice with 

less water input. SRI is a methodology for raising the productivity of irrigated rice that 

modifies the morphology and physiology of the rice plant by changing the management of 

plant, soil, water and nutrients. SRI  capitalizes on genetic potential that has always been 

present in rice but which has been inhibited by quite a few common management practices, 

such as flooded paddies, transplanting of mature seedlings, close spacing, and use of fertilizer. 

Evidence from a number of rice-growing countries indicates that SRI methods decrease inputs 

(seed, water, fertilizers and pesticides) while giving higher yield, which contributes to 

sustainability in rice yield with the use of organic fertilizers.Rice yields over 15 to 20 tons ha-1 

under SRI in Madagascar have been reported (Uphoff and Randriamiharisoa, 2002), although 

more often they are 7-8 tons ha-1 which is about double the world average. Initial evaluations 

of SRI outside the Madagascar gave yields of 9.2 to 10.5 tons ha-1 at Nanjing Agriculture 

University, China in 1999, and 9.5 tons ha-1 by the Indonesia Agency for Agriculture 

Research and Development during 2000 in Indonesia (Uphoff et al., 2002).  

In SRI, transplanting is done individually and quickly with care, i.e., only one plant (8-

15 days old) per hill. This boosts the development of roots and enhances tillering. It has been 

demonstrated that root growth and tillering are preserved at 7-15 days old seedling (Kirk and 

Solivas, 1997). A 10 day old seeding planted at 25×25 cm recorded higher yield compared to 

21 day old seedlings planted at 15×15 cm (Makarim et al., 2002). Thiyagarajan et al. (2002) 

reported that rice yield depends on age of seedling and removal of weeds with a weeder which 

actively aerates the soil. SRI condenses the seed requirement from 50-100 kg ha-1 in 

conventional system to about 5-10 kg ha-1. Seedlings are transplanted in a square pattern with 

a spacing of 25×25, 30×30, 40×40 or even 50×50 cm apart in a grid pattern rather than in 

rows. Spacing encourages greater root and canopy growth. Spacing also facilitates mechanical 

weeding as well as lower seed rate use. Yield commonly increases two-fold with SRI by the 

plant, soil, water and nutrient interactions (Uphoff, 2002). A yield of 7.2 tons ha-1 was 
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obtained in a series of trials by a Philippine NGO (BIND) based in Bacalod, Negros 

Occidental, using single plants and wide spacing with organic fertilizer, relying only on 

rainfall, with no irrigation facilities available. The yield reached to 7.7 tons ha-1 at 20×40 cm 

spacing (Anita and Mathew, 2007). 

For the first 4-6 weeks, there is little vegetative growth, but  in a conducive situation, 

the rice plant has the capability of increasing its tillers through 13 phyllochron cycles of 

growth during its vegetative growth phase. Roots remain functioning throughout the growth 

cycle because neither lowland nor upland varieties form aerenchyma when grown in well-

drained soil. (Puard et al., 1989; Uphoff and Randriamiharisoa, 2002). The plant may produce 

20-30 tillers per plant and may reach 50-70 tillers per plant and even more (Uphoff and 

Randriamiharisoa, 2002). Individual plant height and total leaf area thus increase. 

Thiyagarajan et al. (2002) reported that at active tillering stage as well as through the rest of 

the growth period, reduced irrigation results in significantly higher tiller density. Number of 

tillers is further increased with the interaction of seedling age, irrigation and soil-aerating 

weeding. Under SRI management, tillers are larger and stronger, with more single stem and 

sheath weight at heading (Wang et al., 2002). A positive correlation was found between the 

number of tillers per plant and the number of grains per panicle (Uphoff, 1999). 

Alternative wetting and drying of the field modifies the soil ecology of rice field, i.e., 

improves soil structure, gets extra oxygen into the root zone, and improves active soil life. 

When the soil dries, air replaces water, and when irrigation is applied, this air is pressed 

downwards. Periodic water stresses and the availability of oxygen assist root growth that in 

turn allows more water uptake from greater soil volume, resulting in more paddy yield (Anita 

and Mathew, 2007). There is less senescence of leaves during the grain-filling period, with the 

flag leaf remaining dark green until grain maturation occurs, probably reflecting the 

continuing functioning of plants’ roots. Root growth and root-pulling resistance are about 5 

times greater per plant than for rice plants grown under the conventional conditions 

(Joelibarison, 1998; Uphoff and Randriamiharisoa, 2002). Limited irrigation, weeding with a 

cono weeder, and the application of green manure significantly increase the root volume. 

Roots of plants grown under SRI extended 10 to 15 cm deeper (Tao et al., 2002). Root 

activity in plants during each development stage was significantly higher (Wang et al., 2002), 

resulting in more dry matter accumulation and distribution. Given the development of the root 

systems, 3 or 4 days of superficial dryness could not cause harm even if some cracks build up 

in the field’s surface. 
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Wang et al. (2002) reported that with SRI management, the absolute portioning rate of 

stored matter from vegetative organs was remarkably higher. The total translocation of 

nitrogen from leaves, stem and sheathes was 66.9% higher than with plants grown under 

SRM. The rate of dry matter and stored carbohydrate from leaves was 3 times more and from 

stem and sheathes about 1.4 to 1.7 times greater than those grown under SRM. It was found 

that all the varieties, either traditional, improved or hybrid, have given higher yield with SRI 

practices. Traditional varieties, which are considered low-yielding, responded well to these 

SRI practices and increased their yield up to 6-10 tons ha-1. All recommended practices of 

SRI are positively responsive to all types of varieties (Uphoff and Randriamiharisoa, 2002). 

Compost application has found very useful and effective in boosting paddy yield 

under SRI. Thiygarajan et al. (2002) reported 56% water saving without any adverse effect on 

grain yield. It was found that continuous submergence at 15 cm depth produced the same 

yield as recorded with 2.5 cm water depth (Das, 2005). Under SRI, rice plants are known to 

be more efficient in acquisition of water and nutrients from soil for better growth, so it may be 

of great interest to see how rice genotypes differing in KUE would behave under SRI vs SRM 

systems.  

2.9 Quality attributes of rice 

Although, SRI effects have been demonstrated in  in over 40 countries so far, in most 

of the cases, coarse rice varieties have been tested under SRI. Very little systematic work on 

fine varieties has been undertaken using SRI system. Hence, nothing is known whether SRI 

system affects the quality parameters of fine varieties in addition to improving paddy yield or 

not. So, it could be of great interest to compare the quality parameters of both coarse and fine 

rice varieties grown under SRI vs. SRM. 
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CHAPTER - 3 

MATERIALS AND METHODS 

A series of hydroponic, pot and field trials were conducted to screen the rice 

genotypes for their K-use efficiency and to evaluate the impact of K sources (organic and 

inorganic) and system of rice intensification (SRI) methods on the growth and yield of 

differentially-efficient rice genotypes. The details of these experiments are given in the 

following sections. 

3.1 Screening of rice cultivars/ genotypes for their potassium use efficiency (KUE) 

A solution culture experiment was conducted in a rain-protected wire house during 

June 2005, at the Institute of Soil and Environmental Sciences, University of Agriculture, 

Faisalabad. The temperature of the wire house was recorded at 2 P.M. daily during the growth 

period. It varied from a minimum of 25°C to a maximum 40°C with a mean of 32°C. Seeds of 

26 most commonly grown and newly-developed rice genotypes obtained from Kala Shah 

Kaku Rice Research Institute, Punjab (Table 3.1) were surface-sterilized with 0.5% NaClO 

and sown/ germinated in polythene-lined iron trays containing washed riverbed sand. The 

sand was washed with dilute HCl, followed by three to four washings with tap and then 

deionized water. Distilled water was used for maintaining optimum moisture for germination 

and seedling establishment. 

Ten-day-old uniform-sized seedlings were transplanted in foam-plugged holes of 

thermopol sheets floating on 200 L half-strength modified solution (Johnson et al., 1957) in 

polythene-lined iron tubs (1m × 1m × 0.3m). A total of 104 plants were maintained in each 

tub by randomly repeating eight seedlings in equally-spaced number of holes. The experiment 

was laid out in completely randomized factorial design with adequate (3 mM L-1) and 

deficient (0.3 mM L-1) K levels. 

Plants were harvested 25 days after transplanting. They were washed in distilled 

water, blotted dry using filter paper sheets, separated into shoots and roots, then put in paper 

bags and air-dried for 2 days before oven drying. The samples were oven dried at 75°C in a 

forced-air driven oven for 48 hours to record their dry matter yield (g plant-1). Dried samples 

of shoots and roots were cut into pieces and ground to fine powder in a Wiley Mill to pass 

through a 1mm sieve. Ground samples (0.5 g) of plant were then digested in diacid mixture of 
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nitric acid and perchloric acid (3:1) at 105°C (Miller, 1998). Potassium concentrations in 

shoot and root samples were determined with flame photometer Jenway PFP-7 (Richards, 

1954). Potassium uptake (mg K plant-1) was calculated in roots and shoots by multiplying K 

concentrations in the respective tissue with its dry matter, and total K uptake was calculated 

by adding up these components. 

3.1.1 Potassium use efficiency 

 Potassium use/ utilization efficiency (g2 SDM mg-1 K) was calculated by the following 

formula described by Siddiqi and Glass (1981). 

1  
Potassium use efficiency =                                           ×   Shoot dry matter (g 2plant-1) 
                                                Shoot K concentration (mg g-1) 

3.1.2 Relative biomass (dry matter) production 

 Relative biomass production by rice genotypes grown at deficient K level compared 

with adequate K level was calculated by using the following formula 

        Dry matter at deficient K level     
Relative dry matter production (%) =                                                       × 100 
                                                          Dry matter at adequate K level    

Similarly, the performance of others parameters at deficient relative to adequate values was 

also calculated using the same formula. 

3.1.3 Index score calculation 

Cultivars/ genotypes were grouped into three classes based on varietals mean (µ) and 

standard deviation (SD) for seven parameters. The cultivars were assigned as low if their 

means were < µ-SD; medium if their means were between µ-SD to µ+SD; and high if 

cultivars means were > µ+SD. These classes were assigned the numerical values as index 

score for each parameter: 1 = low, 2 = medium, and 3 = high (Gill et al., 2004b). The ranges 

of these index scores was utilized to rank the rice genotypes by developing scatter diagrams, 

using Microsoft Excel (Microsoft ® 2002).  

3.1.4 Harvest index 

 Harvest index (H.I) was calculated by the following formula described by Awan et al. 
(2003). 

   Grain yield (kg ha-1)     
Harvest Index =                                                    × 100 
                                 Biological yield (kg ha-1)  
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3.1.5 Yield response to fertilizer 

 Yield response to fertilizer was calculated by the following formula described by 

Hong and Huo (2004): 

    G.Y. with fertilizer – G.Y. without fertilizer (kg ha-1)     
Yield response to fertilizer =                                                                                          × 100 
                                                      G.Y. without fertilizer (kg ha-1) 
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Table 3.1 Genotypes used in hydroponics experiment 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Serial No. Name of genotype 

1 KSK-406 

2 KSK-407 

3 KSK-410 

4 KSK-412 

5 KSK-413 

6 KSK-301 

7 99704 

8 KSK-282 

9 99513 

10 99417 

11 49731 

12 99509 

13 49818 

14 00518 

15 Basmati-385 

16 Super basmati 

17 Basmati-2000 

18 IR-6 

19 IR-9 

20 KSK-133 

21 PK-3717-12 

22 49807 

23 Basmati-370 

24 40265 

25 52773-2 

26 33608 
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3.2 Pot and field trials 

 Pot and field trials were conducted in order to evaluate the effect of organic, inorganic 

and integrated K nutrition on growth and yield of selected rice genotypes differing in their K 

use efficiency. In the field trials, the same set of treatments was tested under SRM as well as 

under SRI systems. 

3.2.1 Effect of different levels of potassium fertilizer (K2SO4) on the growth and yield 

of differentially-efficient selected rice genotypes (pot trial)  

 A pot experiment was conducted in the rain-protected wire house, Institute of Soil and 

Environmental Sciences, University of Agriculture, Faisalabad. The air-dried soil (Typic 

Calciargids) was filled in pots (23 cm diameter, 26 cm height) with the 40-mesh sieved soil 

(12 kg soil pot-1), mixed with the N , P and Zn fertilizers (applied @ 130, 70 and 12.5 kg ha-1 

as urea, diammonium phosphate and ZnSO4 [33%], respectively). The soil sample was taken 

before sowing the crop for basic soil analysis. The N, P and Zn fertilizers were applied in all 

the treatments as a basal dose. The soil was thoroughly mixed with different rates of 

potassium fertilizer (K2SO4) before filling the pots. Nitrogen (urea) was applied in three splits 

during the growth period (1st at transplanting, 2nd at tillering, and 3rd at panicle initiation). 

Twenty-eight day old seedlings (6 plants per pot with 2 plants per hill) of three selected rice 

genotypes, i.e., IR-6 (low K-use efficient), Super basmati (medium K-use efficient) and 

genotype 99509 (high K-use efficient) were transplanted in each pot. The pots were randomly 

arranged in the rain-protected wire house with four replications at ambient temperature and 

light. After transplanting the rice nursery, the pots were flooded by using canal water [electric 

conductivity = 0.66 dS m-1, sodium adsorption ratio = 3.75 (m mol L-1)1/2, residual sodium 

carbonate = 0.0 meq L-1] which was fit for irrigation as per the criteria given by Ayers and 

Westcot (1985). 

 The recommended production and protection technology of standard rice management 

(SRM) was followed throughout the crop period. The data were recorded for yield and its 

attributes (number of tillers, number of panicles, 1000-grain weight, number of spikelets 

panicle-1, grain yield, and harvest index) at maturity. Plant analysis was done for the 

determination of K content in shoot, root, and seed. Optimum rate of K for maximum grain 

yield was calculated using the quadratic model. The treatment structure used in pot trials 

consisted of the following: 
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T1* = Control (No K) + NP + Zn 

T2 = 30 kg K ha-1 + NP + Zn 

T3 = 60 kg K ha-1 + NP + Zn 

T4 = 90 kg K ha-1 + NP + Zn 

T5 = 120 kg K ha-1 + NP + Zn 

*In all cases, K was applied as K2SO4. Application of all other fertilizers (N, P and Zn) was 

also the same in all treatments. Based upon the findings of the pot study, further experiments 

were planned under both SRM and SRI. 

3.2.2 Effect of inorganic and/ or K-enriched compost on growth and yield of 

differentially-efficient selected rice genotypes under SRM (field trials) 

 Field trials were conducted to compare the effectiveness of inorganic and/ or K-

enriched compost on growth and yield of selected rice genotypes (IR-6, Super basmati, and 

99509). Composted organic material enriched with 15, 30 and 60 kg K per 300 kg compost 

was applied in band placement. The same amounts of K applied as K2SO4 were also included 

for comparison.  

In the field trials, the differentially-efficient selected rice genotypes were sown. Rice 

seedlings of 28 days old from the nursery plot (for nursery raising, seed rate @ 25 kg ha-1 was 

applied on flooded soil mixed with manure) were transplanted to the puddle flooded field (2 

seedlings per hill), keeping row-to-row and plant-to-plant distance of 23 cm. A number of 32 

plants m-2 was maintained (320,000 ha-1). Plot size of 10 m-2 was maintained for each 

treatment. The experiment was laid out in the split-plot design by placing variety in the sub-

plots and treatments in the main plots with four replications. The treatment structure laid 

down in the split-plot design is given below: 

T1* = Control (No K) + NP + Zn 

T2 = 30 kg K ha-1 as K2SO4 + NP + Zn 
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T3 = 30 kg K ha-1 as K enriched compost + NP + Zn 

T4 = 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K enriched compost + NP + Zn 

T5 = 60 kg K ha-1 as K2SO4 + NP + Zn 

T6 = 60 kg K ha-1 as K enriched compost + NP + Zn 

T7 = 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K enriched compost + NP + Zn 

* The N, P and K originally present in compost were taken into consideration while making 

calculation for N, P and K fertilizer application. 

One-third of the N and full doses of P and K were applied at the time of transplanting 

as a basal dose in all plots. The remaining 2/3 of nitrogen was applied in split doses, i.e., at 

tillering and at the time of panicle initiation. K-enriched organic fertilizer @ 300 kg ha-1 was 

applied as band placement after 15 days, and Zn SO4 (33%) @ of 12.5 kg ha-1 was applied at 

10 days post transplanting. 

The field experiment was conducted in the research area of the Institute of Soil and 

Environmental Sciences, University of Agriculture, Faisalabad. The recommended production 

and protection technology was followed. Canal water was used for irrigation. The amount of 

irrigation water applied to the field was measured with the help of a cutthroat flume (8 inches 

× 3 ft) each time. 

The soil samples were taken before sowing the crop for basic soil analysis. The data 

were recorded for yield and its attributes (number of tillers, number of panicles, 1000-grain 

weight, number of spikelets panicle-1, grain yield, and harvest index) at maturity. Plant 

analysis was done for the determination of K content in shoot, root, and seed. 
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3.2.3 Effect of inorganic and/ or K-enriched compost on differentially-efficient selected 

rice genotypes under SRI (field trials) 

A field study assessing the system of rice intensification (SRI) was conducted to 

compare the effectiveness of inorganic and/ or K-enriched compost on growth and yield of 

differentially-efficient selected rice genotypes (IR-6, Super basmati and 99509). The same set 

of treatments of inorganic and/ or K-enriched compost as used under SRM was applied. K-

enriched organic fertilizer was also applied at the same rate of 300 kg ha-1. The differentially-

efficient selected rice genotypes were sown. Rice seedlings (14 days old) having 2 leaves 

were transplanted from the nursery plot (nursery seed rate @ 12 kg ha-1 was applied on a 

semi-flooded soil mixed with manure) into the field of well-worked ‘wattar’ soil (Fig. 3.1a, b, 

c and d), keeping plot sizes of 10 m2. One plant per hill was transplanted keeping row-to-row 

and plant-to-plant distance of 30 cm. A population of 12 plants m-2 was maintained (120,000 

ha-1). Lines were drawn with a peg fixed marker (Fig. 3.1a). The experiment was laid out in 

the split-plot design by keeping variety in the sub-plots and treatments in the main plots with 

four replications. One-third N and full doses of P and K were applied at the time of 

transplanting as a basal dose in all plots. The remaining 2/3 part of nitrogen was applied in 

split doses, i.e., at tillering and at the time of panicle initiation. K-enriched fertilizer @ 300 kg 

ha-1 was applied as band placement after 15 days, and Zn SO4 (33%) @ of 12.5 kg ha-1 was 

applied at 10 days of transplanting. 

The field experiment was conducted in the research area of the Institute of Soil and 

Environmental Sciences, University of Agriculture, Faisalabad. The recommended production 

and protection technology of SRI was adopted. Canal water was used for irrigation. Water 

was applied at an interval of one week, and the amount of water applied was enough just to 

maintain a thin layer of 2 cm in each irrigation. The amount of water delivered to the field 

was measured with the help of a cutthroat flume (8 inches × 3 ft) each time. The amount of 

water flowed was determined using the tables described by Skogerboe et al. (1973). The 

depth of water in inches was calculated by using the following formula described by Hannan 

et al. (2002). 

Qt = Ad or d = Qt/A 

Where, Q = discharge in cusec, t = time in hours, A = area in acre, d = depth in inches 
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Fig. 3.1 a) Line spacing with marker, b) nursery plants separation, c and d) 
transplanting 14 days old seedling in field under SRI 

 

Figure.3.1 a) Line spacing with marker, b) nursery plants separation, c and d)   

transplanting 14 days old seedling in field under SRI 

 

a b 

d c 
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3.3 Quality analysis 

Seed grains of rice were harvested to evaluate whether SRI methods affect the quality 

of rice grain or not. The different quality parameters were determined. The grains of SRM 

experiment were also subjected to quality analysis for comparison. Seed grains of rice 

harvested under SRM and SRI were air-dried at room temperature to a moisture content of 

11% and then were evaluated for the determination of quality parameters (milling quality, 

size, shape, chalkiness, amylose content (AC), gelatinization temperature (GT), gel 

consistency (GC), protein content, cooking quality, and aroma) at the Rice Quality Research 

Laboratory, Kala Shah Kaku Rice Research Institute, Punjab, Pakistan. Rice grain quality was 

determined by using the standards methods established by the International Rice Research 

Institute, Philippines (Graham, 2002), unless otherwise mentioned.  

3.3.1 Moisture content measurement 

Moisture of the paddy was determined with the help of Riceter-L Kett standard 

moisture tester. 

3.3.2 Total milling recovery (%) 

 Total milling recovery (%) was determined by estimating the quantity of whole grains 

(head rice) and total milled rice. Total milling recovery percent was calculated by using the 

following formula. 

         Weight of total milled rice   
Total milled rice (%) =                                               × 100 
                                 Weight of rough rice  
 

3.3.3 Head rice (%) 

Whole grains (head rice) were separated from the total milled rice with a rice-grader. 

The head rice (whole grain without any breakage) percent was calculated as described by 

Graham (2002). 

           Weight of head rice   
Head rice (%) =                                             × 100 
                     Weight of rough rice  
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3.3.4 Size and shape of kernel 

The length, breadth and thickness measured with the help of a dial caliper that 

contributed to determine grain size, size class, and shape was determined. The size and shape 

were evaluated using the following standard of classification as described by Graham (2002) 

and Ali et al. (1992). 

Size classification: 

         Scale        Size category   Length in mm 

 1   Very long         >7.50 

 3   Long       6.61 - 7.50 

 5   Medium or intermediate    5.51 - 6.60 

 7   Short          < 5.5 

 

Shape classification: 

         Scale        Shape      Length/width ratio  

 1    Slender            > 3 

 5    Medium          2.1 - 3.0  

 7    Bold            ≤ 2.0 

 9    Round            ≤ 1 

3.3.5 Appearance of kernel (chalkiness)  

Grain appearance is determined from the degree of translucency/ opacity of 

endosperm. Chalkiness was determined using the following scale as described by Graham 

(2002). 

Scale      % area with chalkiness 

0      None 

1       < 10 

5       10- 20 

9       ≥20 

3.3.6 Aroma determination 

Aroma was evaluated by smelling the scent of cooked rice developed by IRRI (1971). 
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3.3.7 Cooking and eating characteristics 

Cooking and eating characteristics are determined by the properties of the starch that 

makes up 90% of milled rice. Amylose content (AC), gelatinization temperature (GT), and gel 

consistency (GC) are important starch properties that influence the cooking and eating 

characteristics. 

3.3.8 Amylose content 

Amylose content in rice grain was determined by colorimetric iodine assay index 

method at λ 620 nm and was grouped into the following categories as described by Kumar and 

Khush (1986). 

AC %      Group Name 

0 - 2       Waxy (glutinous) 

3 - 9      Very low 

10 - 19      Low  

20 - 25      Intermediate  

> 25       High  

3.3.9 Gelatinization temperature (alkali digestion test) 

Gelatinization temperature was measured by the alkali spreading value, which was 

determined according to the procedure of Little et al. (1958), and on the basis of alkali 

spreading value, classes were made as follow: 

Alkali spreading value  GT category  Temp range °C 

1 - 3          High   75 - 79 

4 - 5     Intermediate   70 - 75 

6 - 7           Low     < 70 

3.3.10 Gel consistency 

GC was measured by measuring the length of cold gel in a test tube through the 

method of Cagampang et al. (1973). From the gel length, the classes of GC were assessed as 

follow: 
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Category       Gel length (mm) 

Hard                 26 - 40 

Medium               41 - 60 

Soft                 61 - 100 

 

3.3.11 Protein content determination (nutritional quality) 

Protein content (%) in rice kernel was determined by multiplying total N (%) of 

Kjeldahl’s method with a standard factor of 6.25 as described by Vlachos and Arvanitoyannis 

(2008). 

3.3.12 Cooking quality 

Cooking quality (grain elongation ratio, volume expansion ratio, and bursting (%) of 

cooked rice) was determined by the methods described by Little et al. (1985) and Azeez and 

Shafi (1966).  

3.4 Preparation of K-enriched organic fertilizer from composted organic waste 

 Citrus fruit waste was collected from a local vegetable market of Faisalabad City 

(longitude 72° and 73.45° east and 30.30° and 32° north), Pakistan. The collected material 

was made free from non-recyclable and other unwanted materials if any. This organic 

material was sun-dried for a couple of days and then passed through a crusher (Fig. 3.2a) to 

extract excessive moisture/ juice and then was oven-dried at 55 ± 5oC for 24 hours in an oven 

drier (Fig. 3.2b). The oven-dried waste material was ground to finer particles (< 2 mm) with 

an electric grinder (Fig. 3.2c). The finer particles were transferred to a specially designed 

composter (500 kg capacity) for composting under controlled conditions of moisture, 

temperature and aeration, revolving at 50 rev min-1 (Fig. 3.2d). A moisture level of 40% (v/w) 

of the compost was maintained during the composting process. 

 Temperature rose up from 30 to 70°C and then reduced to 30°C during composting. 

Compost material was converted into a value-added organic fertilizer through enrichment 

with various levels of inorganic K (K2SO4) (Engro Chemicals Private Ltd, Pakistan) during 

the composting process @ 15, 30 and 60 kg K per 300 kg of compost. These different grades 

of K-enriched organic fertilizers were separately prepared in batches, under optimum 
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conditions of pH, temperature, moisture, aeration, and incubation time for each experiment. 

The composition of K-enriched organic fertilizer was determined in terms of C:N, C:P and 

C:K ratios to adjust N, P and K applications as chemical fertilizer. The mechanical set-up for 

preparation of compost/organic fertilizer is shown on next page.  

3.4.1 Nutrient composition of compost enriched with K 

 K-enriched compost (ground < 2mm) were analysed for carbon content, macro- and 

micronutrients (Table 3.2). The C:N, C:P and C:K ratios, pH of K-enriched organic fertilizer 

were determined by following the Standard Analytical Techniques. 
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a) crusher, b) oven drier, c) grinder, d) composting unit 

 

 

 

Figure. 3.2  Mechanical set up for preparation of K enriched compost (organic 

fertilizer) a) crusher, b) oven drier, c) grinder and, d) composting unit 

  

 

 

 

 

a b 

c d 
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Table 3.2 Analysis of K-enriched compost 

Parameter 
Compost enriched with K 

kg K 300 kg-1 compost 

15 30 60 

C:N ratio 26:1 25.2:1 24.8:1 

C:P ratio 41:1 40.3:1 40:1 

C:K ratio 19:1 10:1 5.5:1 

pH 4.22 4.46 4.55 

*The compost was enriched with K by addition of required amount of K2SO4 during the 

composting process. The concentration of N, P and K already present in the compost was 

taken into account for application of chemical fertilizer as source of N, P and K. 

3.4.2 Carbon determination 

 Carbon in raw and composted material was determined by the loss-on-ignition (LOI) 

method described by Nelson and Sommers (1996). 

3.4.3 pH determination  

The pH of raw and composted organic material was determined by the methods 

described by Albonetti and Massari (1979). 

3.4.4 Determination of macronutrients 

 Nitrogen, phosphorus and potassium content was determined from raw and composted 

organic material using the methods given by Wolf (1982).  

3.4.5 Nitrogen estimation 

 Total nitrogen in organic material was estimated by Kjeldahl distillation method 

described by Jackson (1962).  

3.4.6 Phosphorus determination 
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 Phosphorus was determined by spectrophotometer (Milton Roy Company) using the 

Barton reagent described by Ashraf et al. (1992). 

3.4.7 Potassium determination 

 Potassium content in the filtrate was determined by Jenway PFP-7 flame photometer 

described by Richards (1954). 

3.4.8 Determination of micronutrients 

 Micronutrients such as Fe, Mn, Zn and Cu were determined by atomic absorption 

spectrometer (Perkin Elmer 4000) from raw and composted organic material according to the 

protocols described by Ryan et al. (2001). 

3.4.9 Measurement of root length 

Roots of selected plants were removed by excavating the soil around the roots, 2 ft in 

diameter × 2 feet in depth. Roots were washed with a stream of tap water to remove soil 

particles. Root length was measured by using the technique of Newman (1966) using the 

following formula: 

R = πNA/2H 

Where,  

π = 22/7 

R = Total length of root 

N = No. of intersection between root and straight line 

A = Area of rectangle 

H = Total length of straight line 

3.5 Soil analysis 

The soil was analysed for various physical and chemical properties (Table 3.3) using 

the methods described by Richards (1954) and Rashid et al. (2001), unless otherwise 

mentioned. 

3.5.1 Particle size analysis 
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Particle size analysis was determined by using the method described by Moodie et al. 

(1959). Soil textural class was determined using the international triangle. 

3.5.2 Electric conductivity of saturated soil extract (ECe) 

Electrical conductivity of saturated soil extract (ECe) was measured using the digital 

Jenway conductivity meter, Model 4510 using method 4b, described by Richards (1954). 

3.5.3 pH of saturated soil paste (pHs) 

The pH of saturated soil paste was recorded by Jenway pH meter Model 3610 using 

buffer of 4 and 9.2 as standards with method 21a, described by Richards (1954). 

3.5.4 Organic matter  

Organic matter in soil material was determined by using the method 5.4, described by 

Rashid et al. (2001). 

3.5.5 Total nitrogen 

Nitrogen was determined by Gunning and Hibbard’s method of sulfuric acid digestion 

and distillation of ammonium into 4% boric acid by macro Kjeldahl’s apparatus described by 

Jackson (1962). 

3.5.6 Available phosphorus 

Soil phosphorus was determined by spectrometer (Milton Roy Company) at 880 nm 

using the method described by Watanabe and Olsen (1965). 

3.5.7 Extractable potassium 

NH4OAC extractable K was determined by using the flame photometer PFP-7 using 

the method 6.1.3, described by Rashid et al. (2001).  

3.5.8 Soluble carbonate and bicarbonate 

Soluble carbonate and bicarbonate were determined by H2SO4 titration method 

described by Richards (1954). 
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3.5.9 Soluble chloride 

Soluble chloride was determined by using the method 13, described by Richards 

(1954). 

3.5.10  Soluble calcium + magnesium 

Soluble calcium + magnesium were determined using the method 7, described by 

Richards (1954). 

3.5.11  Soluble sodium 

Soluble Na was determined from the saturated extract with flame photometer PFP-7 

using method 10a, described by Richards (1954) 

Table 3.3 Physical and chemical analysis of soil 

Parameters Values 

Sand (%) 50 

Silt (%) 26 

Clay (%) 24 

Soil textural class/classification Sandy clay loam (Typic Calciargids) 

ECe (dS m-1) 2.2 ± 0.02 

pH 8.0 ± 0.03 

CO3 (me L-1) 0.49  

HCO3 (me L-1) 1.17  

Cl (me L-1) 9.17  

Ca+Mg (me L-1) 8.83  

Na (me L-1)   13  
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Organic matter (g kg-1) 5.4 ± 0.04 

Total N (g kg-1) 0.47 ± 0.01 

Olsen P (mg kg-1) 7.7 ± 0.05 

NH4OAC-K (mg kg-1) 95 ± 1.5 

Zn* (mg kg-1) 0.39  

Fe* (mg kg-1) 6.96  

Mn* (mg kg-1) 4.15  

Cu* (mg kg-1) 0.85  

* DTPA extractable 
± indicates standard deviation from the mean value  

 

3.5.12  Determination of micronutrients 

Micronutrients were determined from soil samples with DTPA Extraction method. Fe, 

Mn, Zn and Cu were determined in the filtrate by atomic absorption spectrometer (Perkin 

Elmer 4000) by using the method 6.10.1b, described by Rashid et al. (2001). 

3.6 Plant analysis 

3.6.1 Wet digestion 

The dried and ground-upo (0.2 g) shoot, root and seed material was digested with 

sulphuric-per oxide mixture as described by Wolf (1982). 

3.6.2 Determination of potassium 

The K content was determined in shoot, root and seed from the digested material with 

a  Jenway flame photometer PFP-7 using the method 6.1.3, described by Rashid et al. (2001). 

3.6.3 Determination of total nitrogen 

After digestion of seed material, total nitrogen was determined using Kjeldhal 

apparatus as described by Jackson (1962). 
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3.7 Statistical analysis 

The data were subjected to statistical tests (Steel and Toori, 1980) for the analysis of 

variance (ANOVA), using statistical software Statistix version 8.1 (Analytical Software©, 

1985 - 2005). Tukey’s honestly significant difference (HSD) test was employed to separate 

the treatment means at alpha 0.05 following the methods of  Ahmad et al. (2001) and Da Silva 

and Gabelman (1992). Completely randomized design was employed for analysis of variance. 
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CHAPTER - 4 

RESULTS 

4.1 Genotypic variation in rice under deficient and adequate K conditions 

A hydroponics study was conducted to evaluate a wide range of rice genotypes for 

their differential biomass production (shoot dry matter and root dry matter), K uptake, and K 

use efficiency under deficient and adequate K conditions. Based upon these parameters, the 

tested rice genotypes were categorized with respect to their K use efficiency (KUE). 

Data summarized in Table 4.1 revealed that the effects of genotype (G), K-level (K) 

and their interaction (G×K) on shoot dry matter (SDM) were highly significant (P<0.05). 

Shoot dry matter g per 2 plants (g 2plant-1) of rice genotypes at deficient K level ranged from 

0.20 for Basmati-2000 to 1.54 for 99509, with a mean of 0.81. At adequate K level, it varied 

between 0.74 for IR-6 to 2.17 for Basmati-370 with a mean value of 1.47. Results indicated 

that genotype 99509 was the most efficient user of K, while Basmati-370 was the most 

responsive under K-deficient and adequate K levels, respectively (Fig. 4.1). 

It was observed that the genotypes IR-6 and Basmati-2000 performed poorly at both 

K-deficient and adequate levels. It was further noted that a few genotypes yielded more SDM 

even at a deficient K level than the SDM produced by some other genotypes at adequate K 

level. K deficiency reduced the SDM of all the genotypes with varying magnitude. Out of 26 

genotypes, only 13 genotypes had a SDM more than the mean value (0.81) in the following 

order: 99509 > 49731 > 49818 > KSK-412 > 99417> 99513 > KSK-282 > Basmati-370 > 

40265 > 49807 > 99704 > KSK-406 > PK-3717-12 (Table 4.1). 

Root dry matter (RDM) expressed as g 2plant-1 of rice genotypes varied between 0.05 

for KSK-301 to 0.16 for 99513 with a mean value of 0.10 at deficient K level. At adequate K 

level, it ranged from 0.10 for genotype 00518 to 0.26 for 99417 with a mean value of 0.15 

(Table 4.1). K deficiency reduced the RDM of all genotypes nearly to half of that achieved by 

rice genotypes at adequate K level, except for 99513 and PK-3717-12. It was noted that 

genotype 99513 not only yielded maximum RDM (0.16) among all the genotypes grown with 

deficient K level, but also over the respective RDMs achieved with adequate K levels. Out of 

26 genotypes, 13 genotypes had a RDM more than that of their respective mean values in the 

following order: 99513 = 49731 > 99417 > KSK-406 > Basmati-370 = 49818 > PK-3717-12 
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= 99509 > KSK-282 = (KSK-412, 40265, 99704 and Basmati-385) with deficient K level, 

while the sequence was 99417 > 52773-2 > KSK-412 > 49731 > 49818 = (KSK-406, 40265 

and 99509) > KSK-282 = (Basmati-370, Super basmati and Basmati-385) > 99704 with 

adequate K levels (Table 4.1). Genotypes varied significantly (P<0.05) for RDM with K 

levels (K) and with their interaction (G×K). It was worth noting that K affected SDM and 

RDM to different degrees in almost all the genotypes tested. 

Root-shoot ratio (RSR) is a measure of the relative distribution of dry matter between 

root and shoot of the plant. RSR ranged from 0.08 for genotype 99509 to 0.30 for Basmati-

2000 with a mean value of 0.14 at deficient K level. It ranged from 0.06 for genotype 00518 

to 0.16 for genotype 52773-2 with a mean value of 0.11 at adequate K (Table 4.1). It was 

observed that K deficiency increased the RSR of almost all genotypes except for KSK-413, 

KSK-301, 99513, 49731, 99509, and 49818, indicating that adequate supply of K lowered the 

RSR for 21 out of 26 genotypes. It was also found that mean RSR increased 1.3 fold with 

deficient K as compared to adequate K level. This may be attributed more to low SDM 

accumulation rather than to increased RDM, however.  
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Table 4.1 Shoot dry matter, root dry matter and root-shoot ratio at deficient and 

adequate level of K in Johnson’s solution at 25 days of growth 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                       AK  Adequate K level 
                       DK Deficient K level 
                      *, ** significant at P<0.05 and P<0.01, respectively 
                      †  25 days old rice seedlings 

Genotype 

Shoot dry matter †  Root dry matter †  Root-shoot ratio 

(g 2plant-1) 

DK AK DK AK DK AK 

KSK-406 0.93 1.81 0.14 0.19 0.15 0.10 
KSK-407 0.57 1.52 0.07 0.11 0.12 0.08 
KSK-410 0.42 0.77 0.09 0.12 0.21 0.15 
KSK-412 1.16 2.15 0.11 0.21 0.10 0.10 
KSK-413 0.81 1.54 0.10 0.14 0.12 0.09 
KSK-301 0.65 1.15 0.05 0.11 0.08 0.10 
99704 0.94 1.45 0.11 0.16 0.12 0.11 
KSK-282 0.99 1.26 0.11 0.17 0.12 0.14 
99513 1.05 1.09 0.16 0.15 0.15 0.14 
99417 1.06 1.97 0.15 0.26 0.14 0.13 
49731 1.34 1.39 0.16 0.20 0.12 0.14 
99509 1.54 1.62 0.12 0.19 0.08 0.12 
49818 1.18 1.56 0.13 0.19 0.11 0.12 
00518 0.73 1.61 0.09 0.10 0.12 0.06 
Basmati-385 0.79 1.45 0.11 0.17 0.13 0.12 
Super basmati 0.75 1.34 0.10 0.17 0.14 0.12 
Basmati-2000 0.20 0.90 0.06 0.12 0.30 0.14 
IR-6 0.35 0.74 0.07 0.11 0.19 0.14 
IR-9 0.35 1.15 0.07 0.11 0.21 0.10 
KSK-133 0.61 1.48 0.10 0.11 0.16 0.07 
PK-3717-12 0.85 1.33 0.12 0.11 0.14 0.08 
49807 0.95 1.79 0.09 0.12 0.10 0.07 
Basmati-370 0.96 2.17 0.13 0.17 0.13 0.08 
40265 0.96 2.06 0.11 0.19 0.12 0.09 
52773-2 0.39 1.38 0.07 0.22 0.18 0.16 

33608 0.57 1.45 0.07 0.14 0.11 0.10 
Minimum 0.20 0.74 0.05 0.10 0.08 0.06 
Maximum 1.54 2.17 0.16 0.26 0.30 0.16 
Mean (µ) 0.81 1.47 0.10 0.15 0.14 0.11 
STD 0.32 0.38 0.03 0.04 0.05 0.03 
µ-STD 0.49 1.08 0.07 0.11 0.09 0.08 

µ+STD 1.13 1.85 0.13 0.20 0.19 0.14 
F-values 
K-level (K) 1829.35*** 722.61*** 164.80*** 

Genotypes (G) 64.35*** 43.52*** 27.64*** 

K×G 17.65*** 11.74*** 13.45*** 

HSD 0.05 0.3126 0.0392 0.0489 
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Figure 4.1 Comparison of rice genotypes for biomass production at deficient 

(0.3 mM) vs. adequate (3 mM) K in hydroponics experiments: a) 

IR-6, b) Super basmati, and c) 99509 

 

a 

b 

c 
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4.1.1 Genotypic variation for K content, K uptake and K use efficiency as influenced 

by K deficient and adequate levels 

Significant differences were observed in shoot and root K contents and in respective K 

uptake coupled with K use efficiency (KUE) due to K levels (K), genotypes (G) and their 

interaction. There were significant differences in shoot K concentration at harvest stage 

among all the 26 rice genotypes used in this study. Shoot K concentration was significantly 

affected by K treatments (K), genotypes (G) and their interaction (K×G) at P<0.05 (Table 

4.2). At deficient K level, K concentration in shoot (mg g-1) varied from 11.5 for genotype 

52773-2 to 30.6 for genotype 99704, with a mean value of 18.1. At adequate K level, it 

ranged from 21.9 for IR-6 to 56.0 for KSK-406, with a mean value of 34.5. K deficiency 

resulted in a decreased shoot K concentration in all the genotypes but with varying magnitude. 

Out of 26, only 10 genotypes showed a higher shoot K concentration than the mean value 

(18.1) in the order of 99704 > 99513 > 49731 > KSK-282 > 49818 > KSK-407 > KSK-412 > 

99417 > 40265 > 99509 with deficient K level, while 13 genotypes showed higher shoot K 

concentration than their mean value of 34.5 at adequate K level (Table 4.2).  

Root K concentration varied significantly (P<0.05) among the rice genotypes at both 

levels of K (Table 4.2). Root K concentration (mg g-1) varied from 4.6 for genotype 52773-2 

to 11.9 for KSK-407 at deficient K level, with a mean value of 7.3. At adequate K level, it 

ranged from 4.3 for 52773-2 to 13.4 for Super basmati, with a mean value of 8.9. K stress 

decreased the root K concentration in all rice genotypes except KSK-407, 49818, Basmati-

385, Basmati-370, 33608 and 52773-2. This showed that 20 of 26 rice genotypes increased 

their root K concentration with the adequate supply of K nutrition. 

It was observed that the increase in mean values of root K concentration was 1.2 times 

greater at adequate than at deficient K levels. It was also observed that root K concentration 

was the only growth parameter which badly suffered under K deficiency. On the basis of 

absolute root K concentration, genotypes 52773-2, Basmati-2000 and genotype 40265 were 

assigned the lowest index score (1) at deficient K level. 
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Table 4.2 Shoot K concentration and root K concentration in 25 day old seedlings 

grown at deficient and adequate levels of K in Johnson’s solution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
AK Adequate K level 
DK Deficient K level 
*, ** significant at P<0.05 and P<0.01, respectively 

 

Genotype 

Shoot K concentration Root K concentration 

(mg g-1) 

DK AK DK AK 

KSK-406 17.2 56.0 7.9 10.6 
KSK-407 19.9 41.1 11.9 5.9 
KSK-410 16.6 34.5 9.0 10.2 
KSK-412 19.8 38.8 6.5 6.5 
KSK-413 15.0 36.4 9.0 9.7 
KSK-301 17.3 37.1 9.0 11.5 
99704 30.6 41.9 6.5 8.7 
KSK-282 21.4 41.1 7.1 7.7 
99513 25.6 40.1 6.1 9.8 
99417 19.3 36.7 6.4 11.5 
49731 23.0 43.2 6.8 9.7 
99509 18.5 40.8 6.4 8.9 
49818 20.7 44.9 9.4 5.8 
00518 16.5 22.0 6.2 13.3 
Basmati-385 12.4 29.7 8.4 5.5 
Super basmati 14.0 28.1 6.6 13.4 
Basmati-2000 15.5 28.3 5.8 7.4 
IR-6 17.5 21.9 7.1 12.3 
IR-9 16.3 27.6 6.5 11.4 
KSK-133 17.2 24.8 6.4 7.3 
PK-3717-12 15.8 26.4 7.6 9.0 
49807 14.8 24.5 7.6 7.7 
Basmati-370 17.5 30.9 7.1 6.5 
40265 19.1 39.2 5.7 10.1 
52773-2 11.5 26.6 4.6 4.3 

33608 16.7 34.4 7.6 6.7 
Minimum 11.5 21.9 4.6 4.3 
Maximum 30.6 56.0 11.9 13.4 
Mean (µ) 18.1 34.5 7.3 8.9 
STD 4.0 8.3 1.5 2.5 
µ-STD 14.1 26.2 5.8 6.4 

µ+STD 22.1 42.8 8.8 11.4 
F-values         
K-level (K) 7040.28*** 347.99*** 
Genotypes (G) 121.25*** 37.56*** 
K×G 48.55*** 49.19*** 
HSD 0.05 3.9986 1.7637 
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 Various rice genotypes (G) and K levels (K) had significant main and interactive 

effects on shoot K uptake (Table 4.3). Shoot K uptake (mg 2plant-1) at deficient K level varied 

from 3.14 for Basmati-2000 to 30.88 for genotype 49731, with a mean value of 15.12. At 

adequate K level, it ranged from 16.12 for IR-6 to 101.23 for KSK-406, with a mean value of 

51.37. Shoot K uptake in only 11 genotypes was higher than their mean value at deficient K 

level in the order of 49731 > 99704 > 99509 > 99513 > 49818 > KSK-412 > KSK-282 > 

99417 > 40265 > Basmati-370 > KSK-406, while 12 genotypes showed higher shoot K 

uptake over their respective mean value at adequate K level. It was also observed that the 

genotypes Basmati-2000 and IR-6 performed poorly both at deficient and adequate K levels.  

 A few genotypes showed more shoot K uptake even at deficient K level than that of 

some other genotypes at adequate K level. K levels (K), genotypes (G) and their interaction 

(K×G) significantly affected root K uptake as seen in Table 4.3. Root K uptake (mg 2plant-1) 

at deficient K level varied from 0.33 for 52773-2 to 1.18 for genotype 49818, with a mean 

value of 0.73. At adequate K level, it ranged from 0.65 for KSK-407 to 2.97 for 99417, with a 

mean value of 1.34 (Table 4.3). K deficiency reduced the root K uptake in all genotypes 

except for 49818 and KSK-407. This suggests that genotypes 49818 and KSK-407 are more 

efficient in absorbing K nutrient in a K-stressed environment. Root K uptake in 50% of the 

genotypes was more than their mean value under K stress in the order of 49818 > KSK-406 > 

49731 > 99513 > 99417 > Basmati-370 > PK-3717-12 > Basmati-385 > KSK-413 > KSK-407 

> KSK-282 > KSK-410 > 99509. It was also found that shoot K uptake was much higher than 

the root K uptake both at deficient (21 fold) and adequate (38 fold) K levels. Differences 

within the rice genotypes for nutrient acquisition thus reflect the differences in root 

morphology and mechanism that either aid or inhibit movement of ions into the root. 
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Table 4.3 Shoot K uptake and root K uptake at deficient and adequate levels of K in 

Johnson’s solution at 25 days of growth 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AK  Adequate K level 
DK Deficient K level 
*, ** significant at P<0.05 and P<0.01, respectively 

Genotype 

Shoot K uptake Root K uptake 

(mg 2plant-1) 

DK AK DK AK 
KSK-406 15.98 101.23 1.07 1.99 
KSK-407 11.41 62.63 0.81 0.65 
KSK-410 6.86 26.67 0.79 1.17 
KSK-412 22.97 83.45 0.73 1.39 
KSK-413 12.13 56.02 0.85 1.36 
KSK-301 11.25 42.83 0.45 1.30 
99704 28.82 60.91 0.71 1.36 
KSK-282 21.14 51.77 0.80 1.30 
99513 26.82 43.67 0.98 1.49 
99417 20.47 72.40 0.97 2.97 
49731 30.88 59.93 1.06 1.90 
99509 28.35 65.92 0.75 1.63 
49818 24.29 70.05 1.18 1.10 
00518 12.08 35.27 0.56 1.32 
Basmati-385 9.71 42.88 0.88 0.90 
Super basmati 10.50 37.41 0.67 2.20 
Basmati-2000 3.14 25.37 0.35 0.89 
IR-6 6.09 16.12 0.46 1.29 
IR-9 5.71 31.94 0.47 1.22 
KSK-133 10.41 36.44 0.61 0.79 
PK-3717-12 13.37 35.11 0.89 1.00 
49807 13.96 43.68 0.71 0.90 
Basmati-370 16.82 67.06 0.91 1.08 
40265 18.34 80.41 0.63 1.88 
52773-2 4.46 36.74 0.33 0.92 

33608 9.50 49.69 0.49 0.92 
Minimum 3.14 16.12 0.33 0.65 
Maximum 30.88 101.23 1.18 2.97 
Mean (µ) 15.21 51.37 0.73 1.34 
STD 8.06 20.25 0.23 0.51 
µ-STD 7.15 31.12 0.51 0.83 

µ+STD 23.27 71.62 0.96 1.85 

F-values         
K-level (K) 4408.83*** 960.59*** 
Genotypes (G) 87.48*** 39.0*** 
K×G 35.69*** 23.51*** 
HSD 0.05 11.115 0.4011 
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Total K uptake was significantly affected (P<0.05) by potassium levels (K), genotypes 

(G) and their interaction (K×G) (Table 4.4). The total K uptake (mg 2plant-1) at deficient K 

level ranged from 3.48 for Basmati-2000 to 31.94 for genotype 49731 with a mean value of 

15.94. At adequate K level, it varied between 17.41 for IR-6 to 103.22 for KSK-406, with a 

mean value of 52.71. The behaviour of genotypes Basmati-2000 and 49731 was similar to that 

of shoot K uptake at deficient K level. An analogous shoot K uptake behaviour was also 

observed by KSK-406 and IR-6 genotypes at adequate K level. The results indicated that at 

adequate K level, genotype KSK-406 is more responsive, while IR-6 is least responsive in 

total K uptake. K deficiency significantly decreased the total K uptake in all genotypes. A 

strong correlation (r = 0.91**) was observed between SDM and total K uptake. The results of 

this experiment indicated that K uptake in the shoot was much higher than in the root, which 

implies that rice straw could be a useful soil amendment being a rich source of K.  

 Yield per unit of tissue K concentration is termed as potassium utilization efficiency 

(Siddiqi and Glass 1981). Data regarding shoot K use efficiency of rice genotypes both at 

deficient and adequate K levels are presented in Table 4.4. A significant effect of K levels 

(K), genotypes (G) and their interaction (K×G) on KUE in the shoots of rice genotypes was 

observed. KUE (g2 shoot dry weight mg-1 K shoot) ranged form 0.013 for Basmati-2000 to 

0.083 for 99509, with a mean value of 0.045 at deficient level of K. It ranged from 0.022 for 

KSK-410 to 0.073 for 49807, with a mean value of 0.044 at adequate K level (Table 4.4). Out 

of 26 genotypes, 14 genotypes showed higher KUE at deficient as compared to adequate K 

level. It was also noted that although genotype 99509 had low shoot K concentration, it 

produced highest shoot dry matter, which implies that 99509 was the most efficient genotype 

for producing highest SDM with low K concentration. Contrary to this, Basmati-2000 and IR-

6, which had low shoot K concentrations, produced low shoot dry matter, indicating that these 

genotypes were the least efficient. Moreover, KUE of Basmati-2000 at both K deficient and 

adequate levels remained poor. 
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Table 4.4 Total K uptake and K use efficiency at deficient and adequate levels of K 
in Johnson’s solution at 25 days of growth 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AK  Adequate K level 
DK Deficient K level 
*, ** significant at P<0.05 and P<0.01, respectively 

 

Genotype 

Total K uptake K use efficiency 

(mg 2plant-1) (g2 SDW mg-1 K) 

DK AK DK AK 
KSK-406 17.05 103.22 0.054 0.032 
KSK-407 12.22 63.28 0.029 0.037 
KSK-410 7.65 27.84 0.025 0.022 
KSK-412 23.70 84.84 0.059 0.055 
KSK-413 12.99 57.37 0.054 0.042 
KSK-301 11.70 44.13 0.037 0.031 
99704 29.53 62.28 0.031 0.035 
KSK-282 21.94 53.07 0.046 0.031 
99513 27.80 45.17 0.041 0.027 
99417 21.44 75.37 0.055 0.054 
49731 31.94 61.83 0.058 0.032 
99509 29.10 67.55 0.083 0.040 
49818 25.47 71.15 0.057 0.035 
00518 12.63 36.60 0.044 0.073 
Basmati-385 10.58 43.78 0.064 0.049 
Super basmati 11.17 39.61 0.053 0.048 
Basmati-2000 3.48 26.26 0.013 0.032 
IR-6 6.55 17.41 0.020 0.034 
IR-9 6.18 33.16 0.021 0.042 
KSK-133 11.01 37.24 0.035 0.060 
PK-3717-12 14.26 36.11 0.054 0.050 
49807 14.67 44.58 0.064 0.073 
Basmati-370 17.73 68.14 0.055 0.070 
40265 18.97 82.28 0.050 0.053 
52773-2 4.79 37.66 0.034 0.052 

33608 9.99 50.61 0.034 0.042 
Minimum 3.48 17.41 0.013 0.022 
Maximum 31.94 103.22 0.083 0.073 
Mean (µ) 15.94 52.71 0.045 0.044 
STD 8.21 20.47 0.016 0.014 
µ-STD 7.74 32.24 0.029 0.030 

µ+STD 24.15 73.19 0.061 0.058 

F-values         
K-level (K) 4467.51*** 1.26*** 
Genotypes (G) 88.33*** 36.94*** 
K×G 35.33*** 18.06*** 
HSD 0.05 11.228 0.0166 
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The performance of rice genotypes at deficient relative to adequate K levels for 

various parameters is given in Fig. 4.2. The relative value for SDM at deficient K level was 

55 indicating a reduction of 45% due to K deficiency as compared to adequate K level. In this 

study, statistically significant differences in SDM among rice genotypes at same K level 

indicated a wide variation among these genotypes for KUE. The relative value for root-shoot 

ratio (RSR) at deficient K level was 125, indicating an increase of 25% due to K deficiency as 

compared to adequate K level. 

It was found that RSR with K stress was higher contrary to any other parameter. The 

reduction in mean values of shoot K concentration at deficient relative to adequate level was 

48%. This indicates the existence of strong genotypic variation in rice genotypes under K 

stress condition. It was noted that root K concentration was the only growth parameter which 

suffered badly under K deficiency, as root K concentration of 20 out of 26 rice genotypes 

decreased under K stress.  Due to K-deficiency stress, the relative value for shoot K uptake of 

rice genotypes was only 30, indicating a 70% reduction in shoot K uptake (Fig. 4.2). This 

showed that the shoot K uptake in all the genotypes was higher with adequate relative to 

deficient K level.  

 Similarly, root K uptake was reduced to 45% by K deficiency stress, and its relative 

value remained only 55 compared to that of adequate K, i.e., 100. Root K uptake in 50% of 

genotypes was found to be more than their mean value under K stress conditions. Differences 

within rice genotypes for nutrient acquisition thus reflect the differences in root morphology 

and mechanisms that either aid or inhibit movement of ions into the root. Potassium-use 

efficiency under K deficiency stress and at adequate K was almost same, i.e., 102 vs 100. Fig. 

4.2 also indicates that variation among rice genotypes for KUE was more pronounced at 

deficient than at adequate K levels. Besides significant K×G interaction, the existence of low, 

medium and high index scores clearly depicted wide genotypic variation for K uptake and 

KUE among the rice genotypes at each K level (Table 4.5). 

 Correlation analysis among SDM and all other parameters at deficient K levels within 

the 26 genotypes evaluated is presented in Table 4.6. Results revealed that SDM had highly 

significant positive correlation (0.91**) with K uptake shoot (KupST), KUE (0.85**), 

followed by RDW (0.79**) and K uptake root (KupRT) (0.70**). However, a highly 

significant but negative correlation SDW was found of with RSR (- 0.71**). 

 



 60

55
66

128

52

82

30

55

30

102

0

20

40

60

80

100

120

140

SDM RDM RSR KST KRT KupST KupRT KupT KUE

Parameters

R
el

at
iv

e 
p

er
fo

rm
an

ce
 (

%
)

Adequate = 100

 

Figure 4.2 Performance of rice genotypes at deficient relative to adequate K level  

Whereas SDM, RDM, RSR, KST, KRT, KupST, KupRT, KupT and KUE are shoot dry matter (g), root 
dry matter (g), root shoot ratio, K concentration shoot (mg g-1), K concentration root (mg g-1), shoot K uptake 
(mg 2plant-1), root K uptake (mg 2plant-1), total K uptake (mg 2plant-1), and potassium use efficiency (g2 SDM 
mg-1 K), respectively. 
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Table 4.5 Classification of rice genotypes on the basis of selected parameters at deficient 

K level  

Classification is based on the relative values of each genotype with the population mean (µ) and its standard deviation 
(SD) for each parameter. The genotypes are assigned as low if their mean is <µ-SD, medium if their mean is between 
µ-SD to µ+SD and high if cultivar mean is >µ+SD (Gill et al., 2004b); Bas. = Basmati 

Parameter Low (Score 1) Medium (Score 2) High (Score 3) 

Shoot dry 
matter (g) 

(0.20-0.42) (0.57-1.06) (1.16-1.54) 

KSK-410 > 52773-2 > IR-9 
= IR-6 > Bas.-2000 

99417 > 99513 > KSK-282 > Bas.-370 = 40265 > 
49807 > 99704 > KSK-406 > PK-3717-12 > KSK-
413 > Bas.-385 > Super bas. > 00518 > KSK-310 > 
KSK-133 > KSK-407 = 33608 

99509 > 49731 > 49818 > 
KSK-412 

Root dry matter 
(g) 

(0.05-0.07) (0.07-0.0.13) (0.14-0.16) 

KSK-407 > IR-6 = 33608 > 
Bas.-2000 > KSK-301 

Bas.-370 = 49818 > 99509 = PK-3717-12 > KSK-
412 = KSK-282 = 99704 = 40265 = Bas.-385 > 
Super bas.= KSK-413 = KSK- 133 > 49807 = 
00518 = KSK-410 > IR-9 = 52773-2 

99513 = 49731 > 99417 > 
KSK-406 

Root:Shoot 

(0.077-0.077) (0.099-0.189) (0.208-0.299) 

KSK-301 = 99509 

IR-6 > 52773-2 > KSK-133 > 99513 > KSK-406 > 
99417 > PK-3717-12 > Super bas. > Bas.-385 > 
Bas.-370 > 00518 > KSK-413 > KSK-407 > 99704 
= 40265 > 49731 > KSK-282 > 33608 > 49818 > 
49807 

Bas.-2000 > KSK-410 > 
IR-9 

Shoot K 
concentration 

(mg g-1) 

(11.51-14.02) (14.83-21.41) (23.02-30.58) 

Super bas. > Bas.-385 > 
52773-2 

KSK-282 > 49818 > KSK-407 > KSK-412 > 
99417 > 40265 > 99509 > IR-6 > Bas.-370 > KSK-
301 > KSK-406 > KSK- 133 > 33608 > KSK-410 
> 00518 > IR-9 > PK-3717-12 > Bas.-2000 > 
KSK-413 > 49807 

99704 > 99513 > 49731 

Root K 
concentration 

(mg g-1) 

(4.64-5.76) (6.11-8.36) (8.98-11.94) 

Bas.-2000 > 40265 > 
52773-2 

Bas.-385 > KSK-406 > PK-3717-12 = 49807 > 
33608 > Bas.-370 > KSK-282 > IR- 6 > 49731 > 
Super bas. > KSK-412 > 99704 > IR-9 > 99509 > 
99417 > KSK-133 > 00518 > 99513 

KSK-407 > 49818 > KSK-
301 > KSK-410 > KSK-
413 

Total K 
concentration 

(mg g-1) 

(16.15-20.77) (9.99-23.70) (25.47-31.94) 

Bas.-385 > Super bas .> 
52773-2 

KSK-282 > KSK-301 > KSK-412 > 99417 > KSK-
410 > KSK-406 > 99509 > 40265 > Bas.-370 > IR-
6  > 33608 > KSK-413 > KSK-133 > PK-3717-12 
>  IR-9 > 00518 > 49807 

99704 > KSK-407 > 
99513 > 49818 > 49731 

Shoot K uptake 
(mg 2plant-1) 

(3.14-6.86) (9.50-22.97) (24.29-30.88) 

KSK-410 > IR-6 > IR-9 > 
52773-2 > Bas.-2000 

KSK-412 > KSK-282 > 99417 > 40265 > Bas.-370 
> KSK-406 > 49807 > PK-3717-12 > KSK-413 > 
00518 > KSK-407 > KSK-301 > Super bas.> KSK-
133 > Bas.-385 > 33608 

49731 > 99704 > 99509 > 
99513 > 49818 

Root K uptake 
(mg 2plant-1) 

(0.33-0.49) (0.56-0.91) (0.97-1.18) 

33608 >IR-9 > IR-6 > 
KSK-301 > Bas.-2000 > 
52773-2 

Bas.-370 > PK-3717-12 > Bas.-385 > KSK-413 > 
KSK-407 > KSK-282 > KSK-410 > 9950 > KSK-
412 > 99704 > 49807 > Super bas. > 40265 > 
KSK-133 > 00518    

49818 > KSK-406 > 
49731 > 99513 > 99417  

K use efficiency 
(g2 SDM mg-1 K) 

(0.013-0.029) (0.031-0.059) (0.054-0.084) 

KSK-407 > KSK-410 > IR-
9 > IR-6 > Bas.-2000 

KSK412 > 49731 > 49818 > Bas.-370 = PK-3717-
12 = 99417 > KSK-406 > KSK413 > Super bas.> 
40265 > KSK- 282 > 00518 > 99513 > KSK-301 > 
KSK-133 > 33608 = 52773-2 > 99704 

99509 > Bas.-385 > 49807 
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Table 4.6 Correlation coefficient among various parameters of rice genotypes at 

deficient K level 

* Significant at P=0.05 

** Significant at P=0.01 

NS = Non Significant  

Whereas SDM, RDM, RSR, KST, KRT, KupST, KupRT, KupT and KUE are shoot dry matter (g), root dry 
matter (g), root shoot ratio, K concentration shoot (mg g-1), K concentration root (mg g-1), K uptake shoot (mg 
2plant-1), K uptake root (mg 2plant-1), K uptake total (mg 2plant-1), and potassium use efficiency (g2 SDM mg-1 
K), respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

  SDM RDM RSR KRT KST KUE KupRT KupST 

RDM 0.79**               

RSR -0.71** -0.29NS             

KRT -0.03NS -0.80** -0.27NS           

KST 0.46** 0.47** -0.26NS -0.01NS         

KUE 0.85** 0.60** -0.69** 0.01NS -0.05NS       

KupRT 0.70** 0.83** -0.38* 0.38* 0.37* 0.58**     

KupST 0.91** 0.78** -0.59** -0.08NS 0.77** 0.57** 0.65**   

KupT 0.91** 0.79** -0.59** -0.07NS 0.77** 0.58** 0.66** 1.00** 
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4.1.2 Categorization of rice genotypes with respect to K use efficiency/uptake 

 Categorization of rice genotypes was made on the basis of their SDM and K uptake as 

described by Gill et al. (2004b). Shoot dry matter (SDM), K uptake, and other parameters 

were assigned index scores. The performance of each parameter was considered low if x < µ-

STD, high if x > µ+STD, and medium for the values left over (where x = sample mean, µ = 

population mean and STD = standard deviation). The genotype means were ranked as low, 

medium and high by assigning index scores of 1, 2 and 3, respectively. The range of these 

index scores was utilized to categorize the rice genotypes by developing a scatter diagram 

(Fig. 4.3). Using this method, rice genotypes were classified into 3 major groups, i.e., 

‘efficient’, ‘medium efficient’ and ‘non-efficient’ at deficient K level. Efficient and ‘non-

efficient’ genotypes were those yielding higher and lower SDMs, respectively, at deficient K 

levels, while the rest of the genotypes were categorized as medium efficient. Thus, 26 rice 

genotypes were further classified into 5 categories, i.e., i) low SDM with low K uptake 

(LSDM-LK), ii) medium SDM with medium K uptake (MSDM-MK), iii) medium SDM with 

high K uptake (MSDM-HK), iv) high SDM with high K uptake (HSDM-HK) and v) high 

SDM with medium K uptake (HSDM-MK) (Fig. 4.3).   

 HSDM-HK group was composed of the genotypes 99509 and 49731, which were 

efficient in K acquisition and its utilization for biomass production under low K 

availability and thus assigned the highest index score (Table 4.5).  

 Genotypes in group LSDM-LK, which included IR-6, KSK-410, Basmati-2000, IR-9 

and 52773-2 (Fig. 4.3), were least efficient in both biomass production and K uptake, 

thus they received the lowest index score.  

 Out of 26 genotypes, more than 50% genotypes were found in the MSDM-MK 

category, i.e., these were medium in biomass production as well as K uptake. In this 

group, KSK-282, 99417, Basmati-370 and 40265 had more biomass with more K 

uptake as compared to 00518, Basmati-385, Super basmati, PK-3717-12, and 49807 

which had comparatively more biomass with less K uptake, while genotypes 99704, 

33608, KSK-301, KSK-407, and KSK-413 showed lower biomass with low K uptake 

(Fig. 4.3). This showed variability within this group for K uptake in relation to SDM. 

Genotypes 99704 and 99513 were high in K uptake but were medium in SDM 

production, indicating low efficiency in utilizing K. Genotypes KSK-412 and 49818 
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were medium in K uptake but efficient in biomass production, indicating relatively 

high efficiency in K utilization.  

Similar results of categorization of rice genotypes into different classes at deficient K level 

were obtained according to the method described by Fageria et al. (1988) modified by Gill et 

al. (2004) as shown in Fig. 4.4. On the other hand, ‘responsive’ and ‘non-responsive’ 

genotypes were those, respectively, yielding or not yielding 10% more SDM at adequate K 

when compared to their yield at deficient K levels. 

 When the categorization of rice genotypes were made at adequate K level for their 

responsiveness using the same index scoring method and scatter diagram (Fig. 4.5), it was 

observed that the genotypes which were found highly efficient, i.e., high SDM with high K 

uptake (49731 and 99509) behaved as medium responsive with medium shoot dry matter at 

adequate K level. However, the genotype IR-6 which was non-efficient, i.e., low SDM with 

low K uptake, was classified as low responsive with low SDM. It was interesting to observe 

that the genotype Super basmati which was medium efficient with medium SDM behaved as 

medium responsive with medium SDM at adequate K level (Fig. 4.5). This indicated that the 

behaviour of Super basmati remained consistent at both deficient and adequate K levels.  

 Based upon above-described results, three rice genotypes varying in their KUE 

including 99509 (high K-use efficient), Super basmati (medium K-use efficient) and IR-6 

(low K-use efficient) were selected for subsequent pot and field trials to evaluate whether the 

results of hydroponics are applicable in soil under natural conditions or not. Moreover, these 

genotypes were also tested against organic and inorganic K sources under the standard rice 

management (SRM) vs. the system of rice intensification (SRI) to see whether or not the 

nature of K sources affects the KUE of differentially K-efficient genotypes. 
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Figure 4.3 Categorization of rice genotypes on the basis of K uptake and shoot dry 
matter at deficient K level by using the method described by Gill et al. (2004b) 
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Figure 4.4 Categorization of rice genotypes based on their shoot dry matter and 

K\use efficiency at deficient K level described by Fageria et al. (1988), 
modified by Gill et al. (2004b) 
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Figure 4.5 Categorization of rice genotypes based on their shoot dry matter and K 
use efficiency at adequate K level described by Fageria et al. (1988), 
modified by Gill et al. (2004b) 
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4.2 Growth and yield of selected rice genotypes as influenced by varying levels of 

potassium sulphate (pot trials) 

Pot trials were conducted in order to observe whether genotypes which were marked 

as ‘efficient’, ‘medium efficient’ and ‘non-efficient’ K utilizers under hydroponic trials 

behave in the same manner or differed in their KUE when grown in soil. The effect of varying 

levels of exogenously-applied K as potassium sulphate (K2SO4) on the growth and yield 

attributes of differentially-efficient selected rice genotypes was investigated. The optimum 

rates of K for maximum yield response of selected genotypes were calculated using the 

quadratic model. Results indicated that the genotypes differed significantly (P<0.05) for 

various parameters under study due to both sources of variance, i.e., K levels, genotypes, and 

their interaction (K levels × genotypes). 

Data summarized in Table 4.7a revealed the response of the three selected rice 

genotypes varying in their KUE to exogenously-applied different levels of K. It is evident 

from the data that in the cases of IR-6 and 99509, maximum number of tillers (NOT) pot-1 

was recorded with 60 kg K ha-1, while in case of Super basmati, 30 kg K ha-1 resulted in 

maximum NOT. A further increase in the level of K application did not cause any 

improvement in NOT in any of the three selected genotypes. As expected, the genotype with 

low KUE (IR-6) responded poorly to the exogenous K application, whereas the high K-use 

efficient genotype (99509) was medium in response with respect to this parameter. On the 

other hand, Super basmati with medium KUE trait was least affected for this parameter with 

the exogenous application of K. On overall basis, the performance of the three genotypes was 

ranked in the order Super basmati > 99509 > IR-6. Analysis of variance showed significant 

(P<0.05) effect of K levels (K), rice genotypes (G), and their interaction (K×G) on this 

parameter (Table 4.7b). 

 Data regarding number of panicles (NOP) pot-1 in the three selected genotypes 

exposed to various levels of K are summarized in Table 4.7a. Application of 60 kg K ha-1 was 

sufficient to produce maximum NOP in IR-6 and 99509, while 30 kg K ha-1 resulted in 

maximum NOP in Super basmati. From the data, it was obvious that three genotypes did not 

respond to higher rates of K application for producing NOP. It was also noted that the 

response of the three genotypes to exogenous K application was similar to the response 

observed in the NOT parameter. Once again, the low K-use efficient genotype (IR-6) was 

poor in performance, followed by 99509 with medium response, and Super basmati (medium 
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K-use efficient) which responded strongly to the exogenous application of K. The analysis of 

variance showed that interaction between genotypes and treatments was significant (Table 

4.7b). 
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Table 4.7a Effect of K levels on the number of tillers and number of panicles of rice 

genotypes (pot trials)  

K Levels Number of tillers (NOT) (pot-1) Number of panicles (NOP) (pot-1) 

kg ha-1 IR-6 
Super 

basmati 
99509 IR-6 

Super 
basmati 

99509 

Control 29 38 34 23 30 27 

30 31 47 36 25 36 29 

60 37 43 41 29 36 35 

90 35 40 39 26 35 30 

120 36 39 39 27 35 33 

 

Table 4.7b Analysis of variance for yield parameters 

HSD at P = 0.05 V T V×T 

No. of tillers 1.398 2.1249 4.6799 

No. of panicles 1.0360 1.5745 3.4678 
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Differences in number of spikelets panicle-1 (SPP) with the application of varying 

levels of K in the three selected rice genotypes are shown in Table 4.8a. From the data, it was 

observed that IR-6 required 60 kg K ha-1 for producing maximum number of SPP, while both 

Super basmati and 99509 required only 30 kg K ha-1 for maximum number of SPP. It was 

interesting to note that the performance of genotype 99509 with high KUE was best for 

number of SPP production in response to exogenous K application while the low K-use 

efficient genotype (IR-6) responded poorly. The response of the medium K-use efficient 

genotype (Super basmati) was also good. The results of selected genotypes for SPP 

production corresponded with the performance according to which the genotypes were 

categorized. The analysis of variance showed that interaction between genotypes and 

treatments was significant (Table 4.8b). 

Data showed a significant (P<0.05) difference for 1000-grain weight (TGW) recorded 

in all treatments over control in the selected three genotypes (Table 4.8a). Sixty kg K ha-1 was 

sufficient to produce maximum TGW in all three selected genotypes. It was also evident from 

the data that higher doses of inorganic K application have a non-significant effect on TGW. 

Interestingly, the performance of the low K-use efficient genotype (IR-6) for TGW was good 

and surpassed that of Super basmati and 99509. This indicated that IR-6 is responsive to 

exogenous application of K for TGW, while Super basmati (medium K-use efficient) was 

medium in response. On the other hand, the high K-use efficient genotype (99509) was poor 

in its response to K application for TGW. The analysis of variance showed that the K level 

(K), genotypes (G), and their interaction (K×G) were significant (Table 4.8b). 
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Table 4.8a Effect of K levels on number of spikelets per panicle and 1000-grain 

weight of rice genotypes (pot trials) 

K levels No. of spikelets panicle-1 (SSP) 1000-grain weight (g) (TGW) 

kg ha-1 IR-6 
Super 

basmati 
99509 IR-6 

Super 
basmati 

99509 

Control 75 91 95 21 18 16 

30 97 99 105 23 20 18 

60 99 97 103 24 22 19 

90 91 98 101 22 20 17 

120 96 99 100 22 19 17 

 

Table 4.8b Analysis of variance for yield parameters 

HSD at P = 0.05 V T V×T 

No. of spikelets panicle-1 2.1259 3.3677 7.4173 

1000 grain weight 0.4976 0.7562 1.6655 
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Data summarized in Table 4.9a revealed the effect of varying levels of K on the grain 

yield (GY) of the selected rice genotypes. A gradual increase in GY was observed in all three 

tested genotypes with increasing level of K up to 60 kg K ha-1 implying that 60 kg K ha-1 was 

sufficient to maximize the grain yield of all three selected rice genotypes. Further application 

of K @ 90 and 120 kg K ha-1 either resulted in no increase or it caused a decrease in grain 

yield of the tested genotypes. Application of K @ 30 kg ha-1 produced grain yield very close 

to that of 60 kg K ha-1. This suggested that 30 kg K ha-1 was an economical level of K to 

maximize the productivity of Super basmati. It was worth noting that the low K-use efficient 

genotype (IR-6) responded poorly to exogenous application of K, while the high K-use 

efficient genotype (99509) remained unaffected. The response of the medium K-use efficient 

genotype (Super basmati) was moderate with the exogenous application of K. These GY 

results of selected genotypes are in line with the KUEs of the three genotypes. The analysis of 

variance showed significant effects of genotype (G), K level (K) and their interaction (G×K), 

shown in Table 4.9b. 

Data regarding harvest index (HI) of the selected rice genotypes as affected by the 

varying levels of K are shown in Table 4.9a. The HI may be defined as the ratio between 

economically-valued biomass produced by the plant and its total biomass. Data indicated that 

30 kg K ha-1 is enough to produce more grain to straw for IR-6, while 60 kg K ha-1 is 

sufficient for Super basmati. It was interesting to observe that the HI for 99509 was higher 

when no K was applied (control situation), while in case of IR-6 and Super basmati, higher 

levels of K resulted in higher HI. The HI was statistically non- significant at higher levels of 

K. Genotypes were ranked for HI in the order of IR-6 > Super basmati > 99509. The analysis 

of variance showed that interaction between genotypes and treatments was significant (Table 

4.9b). 
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Table 4.9a Effect of K levels on the grain yield of rice genotypes (pot trials) 

K Levels Grain yield (g pot-1) (GY) Harvest index (pot-1) (H.I) 

kg ha-1 IR-6 
Super 

basmati 
99509 IR-6 

Super 
basmati 

99509 

Control 32.9 34.9 35.8 40 33 32 

30 37.7 40.5 38.7 44 33 30 

60 39.6 40.8 40.8 38 34 31 

90 37.5 38.4 39.0 36 31 32 

120 36.6 37.2 37.5 37 31 32 

 

Table 4.9b Analysis of variance for yield parameters 

HSD at P = 0.05 V T V×T 

Grain yield 0.6252 0.9502 2.0928 

Harvest index 0.6099 0.9270 2.0416 
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Data regarding K concentrations in shoot, root and seed at varying levels of K in the 

selected rice genotypes are presented in Table 4.10a. There were significant differences in 

shoot K concentration among all three genotypes at all levels of K. An increase in shoot K 

concentration was observed in all three genotypes with increased K application. Shoot K 

concentration (%) ranged from 1.71 (control) to a maximum of 1.96 with 120 kg K ha-1 in IR-

6. It ranged from 1.45 (control) to a maximum of 1.72 with 120 kg K ha-1 in Super basmati, 

while it went from 1.25 (control) to a maximum of 1.51 with 120 kg K ha-1 in 99509. It was 

observed that shoot K concentration in genotypes was ranked in the order of IR-6 > Super 

basmati > 99509.  

Significant differences for root K concentration were also found among the rice 

genotypes at all levels of K application (Table 4.10a). Results revealed that root K 

concentration increased in the three genotypes with an increase of K level up to 60 kg K ha-1 

and beyond that, any increase in the K application level resulted in decreased root K 

concentration. It was also noted that the high K-use efficient genotype (99509) had more root 

K concentration. The low K-use efficient genotype (IR-6) accumulated less K in its roots, 

while in the medium K-use efficient genotype (Super basmati), the root K concentration was 

also medium. A gradual increase in K concentration in the seed was observed in all three 

tested rice genotypes with increasing application of K up to 60 kg K ha-1. It was interesting to 

note that at 30 kg K ha-1, no difference in the K concentration in seeds was found in the three 

genotypes. The response in term of K concentration in seed was ranked in the order of Super 

basmati > 99509 > IR-6. The analysis of variance showed that the genotypes interaction to 

treatments was significant for seed K concentration (Table 4.10b). 

Total K uptake in the selected rice genotypes at varying levels of K application is 

shown in Fig. 4.6. Results revealed that there was a gradual increase in plants’ total K uptake 

with an increase in K application level up to 60 kg K ha-1 in both Super basmati and 99509, 

while it went up to 90 kg K ha-1 in IR-6. Data further revealed that the application of K @ 90 

and 120 kg K ha-1 resulted in a sharp decrease in total K uptake in 99509, while no significant 

difference in total K uptake was observed in Super basmati. It was also observed that the 

medium K-use efficient genotype, Super basmati, responded strongly against the exogenous 

application of K, while the high K-use efficient genotype 99509 remained poor in K uptake. 

The response of the low K-use efficient IR-6 was moderate with respect to total K uptake. 

These results suggest that although 99509 up took less K, it produced the maximum grain 

yield of the three genotypes. The uptake of K by Super basmati was higher, but its yield was 
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medium; in IR-6, whose total K uptake was medium, the yield increment was poor. The 

analysis of variance showed significant effects according to genotype (G), K levels (K), and 

their interaction (G×K), as shown in Fig. 4.6. 

K use efficiency of grain + shoot dry matter (g2 total weight mg-1 K) of the selected 

three rice genotypes calculated against varying levels of K is shown in Fig. 4.7. It was 

obvious from the data that there was a gradual increase in KUE with increase in K levels up to 

60 kg K ha-1 in both, IR-6 and 99509, then it decreased with further increases in K level. In 

Super basmati, the maximum KUE was observed at 30 kg K ha-1 then gradually decreased 

with increases in K level. Interestingly, KUE was reduced at higher levels of K as compared 

to lower levels in all three genotypes. It was noted that the KUE of 99509 was higher (1.04) 

as compared to the Super basmati and IR-6 at 60 kg K ha-1 and at the same time the yield of 

99509 at this level was also maximum. 

Furthermore, KUE of 99509 at zero level of K application (control) was also higher as 

compared to Super basmati and IR-6. This indicates that 99509 kept its consistency in 

performance for K utilization under pot trials too, while on the other hand, IR-6, as expected, 

remained poor in its performance in both K utilization and grain formation. On the basis of 

KUE, the genotypes were ranked in the order of 99509 > Super basmati > IR-6. The analysis 

of variance showed significant effects of genotype (G), K level (K), and their interaction 

(G×K). The significant differences in KUE thus are an indication of the existence of genetic 

variation among the selected genotypes. 
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Table 4.10a Effect of K levels on the shoot, root and seed K concentration of rice 

genotypes (pot trials) 

K Level 
Shoot K  

Concentration (%) 

Root K 
Concentration (%) 

Seed K  

Concentration (%) 

Kg ha-1 IR-6 Super 
basmati 

99509 IR-6 Super 
basmati 

99509 IR-6 Super 
basmati 

99509 

Control 1.71 1.45 1.25 0.51 0.56 0.51 0.28 0.28 0.30 

30 1.80 1.50 1.35 0.59 0.59 0.61 0.30 0.30 0.30 

60 1.90 1.70 1.50 0.58 0.59 0.66 0.30 0.33 0.31 

90 1.91 1.70 1.50 0.58 0.57 0.65 0.28 0.30 0.30 

120 1.96 1.72 1.51 0.53 0.58 0.64 0.29 0.32 0.31 

* = Super basmati 

 

Table 4.10b Analysis of variance for yield parameters 

HSD at P = 0.05 V T V×T 

Shoot K concentration 4.694E-03 7.134E-03 0.0157 

Root K concentration 3.367E-03 5.118E-03 0.0113 

Seed K concentration 2.718E-03 4.131E-03 9.099E-03 
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Figure 4.6    Effect of K levels on the total K uptake of rice genotypes (pot trials) 
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Figure 4.7     Effect of K levels on the K use efficiency of rice genotypes (pot trials) 
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4.2.1 Optimum K rate for maximum grain yield 

Optimum K rate for each genotype was determined using the quadratic model (Fig. 

4.8). Optimum K rate (kg ha-1) for maximum grain yield was 70 for IR-6, 63 for Super 

basmati, and 62 for genotype 99509, respectively. The coefficients of determination for 

regression equations were 0.91 for IR-6, while 0.94 for 99509; both were significant at 

P<0.05. In the case of Super basmati, R2 was 0.82, which was significant at P = 0.10 (Table 

4.11). It is clear from this study that a higher level of K needs to be applied for IR-6 than for 

Super basmati or 99509. There was almost no difference with respect to optimum K rate for 

both Super basmati and 99509 genotypes. It was notable that the optimum K rate (kg ha-1) 

determined for each of the selected genotypes was almost matched with the standard rates 

established for rice cropping (Nazir et al., 1994). 

The results of pot trials revealed that the maximum grain yield was obtained at 60 kg 

K ha-1 in all three genotypes. Grain yield was decreased at higher levels of K, i.e., 90 kg K ha-

1 and 120 kg K ha-1, respectively. The information generated from this study was used in 

planning the subsequent studies. Based upon the results of this trial, a K level of 60 kg K ha-1 

was selected as the maximum dose to be applied, either as K2SO4 or K-enriched compost or 

the combination of both in subsequent trials. 
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Figure 4.8  Optimum K rate for maximum grain yield of rice genotypes 

 

 

Table 4.11 Optimum K rate for maximum yield using quadratic model 

Variety Quadratic equation R2 Optimum K rate(Kg ha-1)
IR-6 y = -0.0012x2+0.1706x+33.233 0.91 70.0 
Super basmati y = -0.0013x2+0.1628x+35.554 0.82 63.0 
99509 y = -0.001x2+0.1315x+35.853 0.94 62.0 
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4.3 Growth and yield of selected rice genotypes as influenced by inorganic 

and organic K nutrition under standard rice management (SRM): Field experiment 

The three selected rice genotypes differing in KUE and K responsiveness were tested 

for their growth and yield attributes to various exogenously-applied levels of inorganic and 

organic K nutrition. The three rice genotypes differed significantly (P<0.05) for all of their 

growth and yield parameters in response to both sources of variance, i.e., genotypes, organic 

vs. inorganic K levels, and their interaction (G×K). It was evident from the data (Table 4.12) 

that the effects of organic and inorganic K sources on number of tillers were found significant 

under SRM. All the following relationships reported in this section apply for rice varieties 

grown with standard rice management, i.e., with continuous flooding, higher plant 

populations, and older seedlings. 

Maximum number of tillers m-2 (NOT) was recorded in all three genotypes with 

combined application of K. However, in the case of genotypes IR-6 and Super basmati, 

maximum number of tillers was produced where K was applied @ 60 kg K ha-1, while in 

99509, 30 kg K ha-1 was the most effective treatment. This indicated that the combination of 

30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K-enriched compost was the best dose to explore the 

potential of IR-6 (low K-use efficient) as well as Super basmati (medium K-use efficient) to 

its maximum. However, the combination of 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-

enriched compost was the best treatment to yield the maximum tillering potential of 99509 

(highly K-use efficient).  

Comparison of K levels revealed that relatively greater number of tillers was produced 

at 60 kg ha-1 than 30 kg K ha-1 when both levels were applied either as K2SO4 or K-enriched 

compost in IR-6 and 99509, while in Super basmati, relatively more number of tillers were 

observed at 30 kg K ha-1 as compared to 60 kg K ha-1 (either as K2SO4 or K-enriched 

compost). This showed Super basmati was more responsive to a lower level of K (30 kg ha-1) 

either from organic or inorganic sources, while IR-6 and 99509 were more responsive to a 

higher level of K (60 kg ha-1) applied either as K2SO4 or K-enriched compost. 

Comparison of organic vs. inorganic K sources revealed that relatively greater number 

of tillers m-2 (NOT) was recorded at 30 and 60 kg K ha-1 applied as K2SO4 rather than with 30 

or 60 kg K ha-1 applied as K-enriched compost in both IR-6 and 99509, with a reverse effect 

in Super basmati. This showed that IR-6 and 99509 were more responsive to inorganic forms 

than organic ones, while Super basmati was more responsive to organic compared to 
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inorganic forms. On an overall basis, the performance of genotypes for the production of 

NOT was in the order of IR-6 > Super basmati > 99509. The analysis of variance showed 

significant variety × treatment interaction on this parameter (at the same and at different 

levels of K sources) at P<0.05 as shown in Table 4.13. 

The effect of organic and inorganic K sources on number of panicles m-2 (NOP) was 

significant for all three genotypes. Results indicated that different treatments were effective 

for producing a greater number of panicles m-2 in the three genotypes of rice. It was found 

that the combination of 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K-enriched compost was the 

best dose for maximum potential of IR-6 (low K-use efficient), and 30 kg K ha-1 as K2SO4 

proved most effective in the case of Super basmati (medium K-use efficient), while the 

combination of 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-enriched compost was the best 

treatment to yield the maximum potential of genotype 99509 (high K-use efficient). 

It was noted that the response of the three genotypes to the exogenously application of 

a higher level of K (60 kg ha-1 as either K2SO4 or K-enriched compost) was similar to the 

response observed in the number of tillers parameter. It was further observed that relatively 

more NOP was recorded at 30 kg K ha-1 applied as K2SO4 than with 30 kg K ha-1 applied as 

K-enriched compost in all three genotypes, while a reverse response was observed at higher 

levels of K applied as K2SO4 than with 60 kg K ha-1 applied as K-enriched compost in IR-6 

and Super basmati. 

It was also concluded that all three genotypes were more responsive to inorganic 

forms at lower levels of K (30 kg K ha-1 as K2SO4), while they were less responsive to 

inorganic forms at a higher level of K (60 kg K ha-1 as K2SO4). The overall performance of all 

three genotypes in the formation of panicles was in the order of IR-6 > Super basmati > 

99509. The analysis of variance showed that the genotype interaction to K at either the same 

or different levels of K was significant at P<0.05 (Table 4.13). There was a significant 

(P<0.05) effect of organic and inorganic K sources and their interaction with genotypes on the 

number of spikelets panicle-1 (SPP), as seen in Table 4.14b. 

Results revealed that the combined application of 30 kg K ha-1 as K2SO4 + 30 kg K ha-

1 as K enriched compost was the best dose for attaining maximum SPP in IR-6 (low K-use 

efficient) and Super basmati (medium K-use efficient), while 60 kg K ha-1 added as K-

enriched compost was most effective treatment in the case of genotype 99509 (highly K-use 

efficient). Comparison of fertilizer treatments showed that both in IR-6 and 99509, relatively 
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more SSP were recorded at 30 K ha-1 (K2SO4) than that of 60 kg K ha-1 (K2SO4), while the 

reverse was true in the case of 30 vs 60 kg K ha-1 applied as K-enriched compost. 
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Table 4.12 Effect of organic and inorganic K sources on the number of tillers and 

number of panicles of rice genotypes under the standard rice management system 

(SRM) 

 

K Level Number of tillers m-2 (NOT) Number of panicles m-2 (NOP) 

kg ha-1 IR-6 
Super 

basmati 
99509 IR-6 

Super 
basmati 

99509 

Control 510 494 360 441 431 317 

30K 555 539 396 490 529 373 

30EC 544 540 389 490 486 362 

15K+15EC 578 545 441 485 485 414 

60K 585 519 414 515 467 381 

60EC 576 528 389 552 480 366 

30K+30EC 645 561 421 565 510 392 

     EC = K in the form of enriched compost 
 

 

Table 4.13 Analysis of variance for yield parameters 

HSD at P < 0.05 V T V×T 

Number of tillers 5.3082 13.054 22.275† 24.537‡ 

Number of panicles 4.4081 6.1873 18.498† 16.997‡ 
†values for genotypic variations at same K level   
‡values for genotypic variations at different K levels 
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On the other hand, in Super basmati, relatively more SPP were recorded both at 60 kg 

K ha-1 applied (as K2SO4 or as K-enriched compost) than with 30 kg K ha-1 applied (as K2SO4 

or K-enriched compost). This revealed that the three genotypes were relatively more 

responsive to a higher level of organic K (60 kg K ha-1 as K-enriched compost), while IR-6 

and 99509 were relatively more responsive to a lower level of K (30 kg K ha-1 as K2SO4). 

Comparison of organic vs. inorganic K sources indicated that relatively more SPP were 

recorded at 30 kg K ha-1 applied as K2SO4 than with 30 kg K ha-1 applied as K-enriched 

compost in all three genotypes. Less number of SPP were recorded at 60 kg K ha-1 as K2SO4 

than with 60 kg K ha-1 as K-enriched compost in IR-6 and 99509, except Super basmati. This 

revealed that the three genotypes were relatively more responsive to a lower level, while 

being less responsive to higher levels of inorganic forms. Overall among the genotypes, 

higher SPP was observed in the order of 99509 > Super basmati > IR-6. 

The effect of organic and inorganic K sources on the 1000-grain weight (TGW) of 

differentially K-use efficient rice genotypes is shown in Table 4.14a. The results were 

statistically significant for effects of genotype (G), K source (K), and their interaction (G×K) 

at P<0.05 (Table 4.14b). The maximum TGW was recorded in all the three selected 

genotypes with 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K-enriched compost applied. It was 

also observed that a comparable TGW was recorded at 30 kg ha-1 applied either as K2SO4 or 

K-enriched compost and at 60 kg K ha-1 added as K2SO4 or K-enriched compost in all the 

three genotypes. Thus, all three genotypes were relatively more responsive to a lower level of 

K (30 kg K ha-1) applied either as K2SO4 or K-enriched compost. 

It was further observed that relatively less TGW was recorded at 30 kg K ha-1 applied 

as K2SO4 than with 30 kg K ha-1 applied as K-enriched compost in IR-6, while the reverse 

was found in the case of Super basmati and 99509. This indicated that the Super basmati and 

99509 were more responsive to inorganic forms at a lower level of K (30 kg K ha-1 as K2SO4), 

while they were less responsive to inorganic forms at higher levels of K (60 kg K ha-1 as 

K2SO4) than to organic forms. The overall performance of all three genotypes with respect to 

TGW was in the order of IR-6 > Super basmati > 99509. The analysis of variance showed that 

the genotype interaction to K at either same or different levels of K was significant at P<0.05 

(Table 4.14b). 
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Table 4.14a Effect of organic and inorganic K sources on the number of spikelets 
panicle-1 and 1000-grain weight of rice genotypes under the standard rice management 
system (SRM) 

 

K Level No. of spikelets panicle-1 (SPP) 1000 grain weight (g) (TGW) 

kg ha-1 IR-6 
Super 

basmati 
99509 IR-6 

Super 
basmati 

99509 

Control 83 101 115 21.5 19.3 19.3 

30K 95 116 125 23.4 22.5 20.4 

30EC 87 111 123 24.0 20.1 20.0 

15K+15EC 98 113 118 22.9 21.5 20.1 

60K 93 121 123 22.9 20.4 19.5 

60EC 112 114 129 23.0 20.8 19.6 

30K+30EC 115 121 126 25.2 24.2 21.2 

         EC = K in the form of enriched compost 
 
 

Table 4.14b Analysis of variance for yield parameters 

HSD at P < 0.05 V T V×T 

Number of spikelets 3.4520 4.9904 14.486† 13.395‡ 

1000 grain weight 0.0210 0.0313 0.0883† 0.0822‡ 
†values for genotypic variations at same K level   
‡values for genotypic variations at different K levels 
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The effect of organic and inorganic K sources and their interaction with genotypes 

showed a significant (P<0.05) effect on straw yield (SY) (Table 4.15b). Application of 15 kg 

K ha-1 as K2SO4 + 15 kg K ha-1 as K-enriched compost produced maximum straw yield (Mg 

ha-1) in IR-6 (low K-use efficient) and 99509 (high K-use efficient), while 30 kg K ha-1 as 

K2SO4 resulted in highest SY with Super basmati (medium K-use efficient). It was observed 

that relatively less SY was recorded at 60 kg K ha-1 applied either as K2SO4 or as K-enriched 

compost than with 30 kg K ha-1 applied either as K2SO4 or K-enriched compost in all three 

genotypes except that IR-6 showed a reverse at 60 kg K ha-1 added as K2SO4. It is highly liked 

that Super basmati and 99509 were relatively more responsive for higher SY at a lower level 

of K (30 kg K ha-1) applied either as K2SO4 or K-enriched compost except for IR-6, which 

showed more SY only at 60 kg K ha-1 as K2SO4. 

It was further noted from the data that relatively less SY was recorded in response to 

the application of 30 kg K ha-1 as K2SO4 than to 30 kg K ha-1 as K-enriched compost in IR-6 

and 99509 with a reverse in Super basmati. Relatively less SY was recorded at 60 kg K ha-1 

applied as K2SO4 than with 60 kg K ha-1 as K-enriched compost in both Super basmati and 

99509, with a reverse in IR-6. This indicates that 99509 was relatively more responsive to 

organic forms of K, while Super basmati was more responsive to a lower level of inorganic 

forms with a reverse at a higher level of inorganic form. On the other hand, IR-6 response was 

the reverse to that of Super basmati. Among the genotypes, a higher SY was observed in the 

order of Super basmati > 99509 > IR-6. Statistically, straw yield in all three genotypes at the 

same level and at different levels of treatments was significant.  

A significant effect of organic and inorganic K sources and their interaction with 

genotypes on grain yield (GY) is shown in Table 4.15b. From the data, it was evident that the 

application of organic and inorganic K sources alone or in combination significantly increased 

the GY over the control in all three genotypes (Table 4.15a). GY (Mg ha-1) was maximum 

with the combined application of 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K-enriched 

compost in IR-6 (low K-use efficient) and Super basmati (medium  K-use efficient), while the 

combination of 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-enriched compost was most 

effective for maximizing GY in 99509 (high K-use efficient). A yield response of 52% by 

Super basmati and 51% by IR-6 was found in the case of 30 kg K ha-1 as K2SO4 + 30 kg K ha-

1 as K-enriched compost, while an increase of 33% was recorded for 99509 with the 

combination of 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-enriched compost.  
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These differences in yield among the rice genotypes might be due to their differential 

genetic behaviour, which was observed in the initial experiment of screening through 

hydroponic trials. Relatively more GY was recorded at 60 kg K ha-1 applied either as K2SO4 

or K-enriched compost than that with 30 kg K ha-1 applied as K2SO4 or K-enriched compost 

in the two of three genotypes, excepting 99509, which showed a reverse at 60 kg K ha-1 

(K2SO4 only). It was also noted that genotypes were relatively more responsive for more GY 

at a higher level of K (60 kg K ha-1 as either K2SO4 or K-enriched compost) excepting 99509, 

which showed more GY only at 30 kg K ha-1 as K2SO4. 

It was further observed that relatively lower GY was recorded at 30 kg K ha-1 as 

K2SO4 than with 30 kg K ha-1 as K-enriched compost in Super basmati and 99509, with a 

reverse in IR-6, while relatively less GY were also recorded at 60 kg K ha-1 as K2SO4 than 

with 60 kg K ha-1 as K-enriched compost in IR-6 and Super basmati, with a reverse for 99509. 

Super basmati was relatively more responsive to organic forms, while IR-6 was more 

responsive to a lower level of inorganic forms, with a reverse at higher level of inorganic 

forms. On the other hand, the response of 99509 was the opposite to IR-6. Yield performance 

of the three genotypes was ranked in the order of Super basmati > 99509 > IR-6. 
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Table 4.15a  Effect of organic and inorganic K sources on the straw yield and grain 

yield of rice genotypes under the standard rice management system 

(SRM) 

K Level Straw yield (Mg ha-1) (SY) Grain yield (Mg ha-1) (GY) 

kg ha-1 IR-6 
Super 

basmati 
99509 IR-6 

Super 
basmati 

99509 

Control 5.43 8.14 7.19 3.34 4.62 4.79 

30K 5.17 8.72 7.33 3.54 5.11 5.82 

30EC 5.37 8.57 8.90 3.51 5.91 5.88 

15K+15EC 5.71 8.05 9.04 4.28 6.77 6.39 

60K 5.44 7.25 6.17 3.57 6.33 5.54 

60EC 5.25 8.09 6.55 3.64 6.58 5.30 

30K+30EC 5.52 8.36 6.95 5.05 7.03 6.07 

     EC = K in the form of enriched compost 
 

 

Table 4.15b Analysis of variance for yield parameters 

HSD at P < 0.05 V T V×T 

Straw yield 0.2340 0.4718 0.9819† 0.9983‡ 

Grain yield 0.1086 0.2315 0.4569† 0.473‡ 
†values for genotypic variations at same K level   
‡values for genotypic variations at different K levels 
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The significance of organic and inorganic K sources on root length (cm) of the three 

differentially K-use efficient genotypes is given in Table 4.16a. Significant differences 

between K source, genotype, and their interaction, both at same and different levels, were 

observed (Table 4.16b). Data revealed that the combination of 15kg K ha-1 as K2SO4 + 15 kg 

K ha-1 as K-enriched compost was the most effective to get the maximum root length in IR-6 

(low K-use efficient) and 99509 (high K-use efficient), while 30 kg K ha-1 applied as K-

enriched compost proved sufficient for maximum root length in Super basmati (medium K-

use efficient). It was observed that relatively less increase in root length was recorded with60 

kg K ha-1 applied either as K2SO4 or K-enriched compost compared to 30 kg K ha-1 applied as 

K2SO4 or K-enriched compost in all three genotypes. This indicates that the three genotypes 

showed more increase in root length at lower levels of K (30 kg K ha-1 as K2SO4 and K-

enriched compost)  

Relatively less root length was recorded at 30 and 60 kg K ha-1 added as K2SO4 than 

was observed at 30 and 60 kg K ha-1 applied as K-enriched compost in IR-6 and 99509 

genotypes, while Super basmati exhibited relatively more increase in root length at 60 kg K 

ha-1 applied as K2SO4 than for 60 kg K ha-1 as K-enriched compost. This showed that two out 

of the three genotypes were relatively more responsive to organic forms than inorganic forms, 

except for Super basmati, which was more responsive to inorganic forms at higher levels. 

These results further revealed that an increase in root length under low K conditions 

was closely related to the ability of rice genotypes to develop a longer root system and in turn 

enhanced K absorption capability, which made for adaptation to low K stress. Statistically, 

root length in all three genotypes at same and different level of treatments was significant. 

Fig. 4.9 shows the changes in total K uptake (kg ha-1) in the three genotypes grown under 

varying levels of organic and inorganic K sources. Highest total K uptake was observed when 

K was applied as 15 kg K ha-1 (K2SO4) + 15 kg K ha-1 as K-enriched in IR-6 (low K-use 

efficient) and 99509 (high K-use efficient). A similar trend was observed in Super basmati 

with the combination of 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K-enriched compost. It was 

observed that relatively more total K uptake was observed at 60 kg K ha-1 than at 30 kg K ha-1 

both rates applied as K2SO4 in Super basmati and 99509 with a reverse in IR-6. Similarly, 

more total K uptake was observed at 60 kg K ha-1 than at 30 kg K ha-1 applied as K-enriched 

compost in IR-6 and Super basmati, with a reverse in 99509. 
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Table 4.16a Effect of organic and inorganic K sources on root length of rice genotypes 
under the standard rice management system (SRM) 

K rate Root length (cm) 

(kg ha-1) IR-6 Super basmati 99509 

Control 17,652 20,131 18,050 

30K 27,907 32,740 27,559 

30EC 28,323 35,412 28,799 

15K+15EC 29,636 24,905 34,716 

60K 25,704 21,606 20,670 

60EC 28,071 20,927 22,218 

30K+30EC 26,894 34,213 22,880 

  EC = K in the form of enriched compost 
 

 

Table 4.16b Analysis of variance for yield parameters 

HSD at P < 0.05 V T V×T 

Root length 173.11 337.16 726.45† 729.75‡ 
†values for genotypic variations at same K level   
‡values for genotypic variations at different K levels 
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This showed that Super basmati under standard rice management was more responsive 

for greater total K uptake at both higher levels of K (60 kg K ha-1 added either as K2SO4 or K-

enriched compost), while 99509 was more responsive to a higher level of K (60 kg K ha-1 as 

K2SO4) as well as to a lower level of K (30 kg Kha-1 as K-enriched compost) simultaneously. 

On the other hand, the behaviour of IR-6 was the opposite to genotype 99509 with respect of 

total K uptake. It was further noted that relatively less total K uptake was recorded at 30 kg K 

ha-1 applied as K2SO4 than when 30 kg K ha-1 was provided as K-enriched compost for all 

three genotypes. More total K uptake was observed at 60 kg K ha-1 when added as K2SO4 than 

with 60 kg K ha-1 as K-enriched compost in IR-6 and 99509, with the opposite response 

observed in Super basmati. This may imply that Super basmati was relatively more responsive 

to organic forms than inorganic, while both 99509 and IR-6 appeared to be more responsive 

to organic K at a lower level (30 kg K ha-1) as well as to inorganic K at a higher level (60 kg 

K ha-1) as K2SO4. 

The differences in total K uptake in genotypes were in the order of Super basmati > 

99509 > IR-6. It was also noted that approximately 35 and 39% more K was uptaken by Super 

basmati and 99509, respectively, compared to IR-6 in the case of applying K as 15 kg ha-1 as 

K2SO4 + 15 kg K ha-1 as K-enriched compost, while 50% (Super basmati) and 30% (99509) 

more K uptake was recorded over IR-6 when applied at the rate of 30 kg K ha-1 as K2SO4 + 30 

kg K ha-1 as K-enriched compost. The results were statistically significant at P<0.05 for 

genotypes (G) and their interaction (G×K), both at same and different levels of treatments. 

The yield response of genotypically-varying rice genotypes to organic and inorganic K 

sources is evident from the data presented in Fig. 4.10. Results revealed that the yield 

response of IR-6 and Super basmati was maximum (51 and 52%, respectively) at an combined 

application of 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K-enriched compost, while forf 99509, 

a 33% increase was recorded with the combination of 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as 

K-enriched compost. It was observed that relatively more yield response was observed in IR-6 

and Super basmati at 60 kg K ha-1 than at 30 kg K ha-1 either applied as K2SO4 or K-enriched 

compost, while an opposite response was observed in 99509. 

It was also noted that IR-6 and Super basmati were more responsive to higher levels of 

K applied either as K2SO4 or K= enriched compost, while 99509 more responsive to lower 

levels of K (30 kg K ha-1) either in K2SO4 or K-enriched compost. It was further observed that 

a relatively low yield response over control was observed in Super basmati at both 30 and 60 
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kg K ha-1 applied as K2SO4 compared with 30 and 60 kg K ha-1 applied as K-enriched 

compost, while in 99509, a relatively low yield response was observed at 30 kg K ha-1 in case 

of K2SO4 application compared with 30 kg K ha-1 added as K-enriched compost. On the other 

hand, an opposite trend was observed for genotypes 99509 and IR-6. This showed that Super 

basmati was relatively more responsive to organic forms than inorganic K, while 99509 was 

more responsive to organic forms at a lower level of K (30 kg K ha-1) as well as to inorganic 

forms at a higher level of K (60 kg K ha-1 as K2SO4). Statistically significant results were 

present at same and different levels of treatments at P<0.05. 

Fig. 4.11 shows the changes in K-use efficiency (KUE) in the three genotypes against 

the application of varying levels of organic and inorganic K sources. Results indicated that 

KUE of grain + shoot dry matter was maximum in genotype 99509 when an combined 

application of 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-enriched compost was applied, 

while 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K enriched compost was the best level which 

increased KE to its maximum in the case of IR-6. Furthermore, 60 kg K ha-1 applied as K-

enriched compost was the most effective level for maximizing KUE in the case of Super 

basmati.  It was observed that KUE was relatively decreased at 60 kg K ha-1 compared with 

30 kg K ha-1 applied as K2SO4 in both IR-6 and 99509, with a reverse relationship in Super 

basmati. However, KUE was relatively increased at 60 kg ha-1 as compared to 30 kg K ha-1 

when added as K-enriched compost in both IR-6 and Super basmati with a reverse trend for 

99509.  It was observed that either the 99509 genotype was relatively more efficient in K use 

at lower levels of K (30 kg K ha-1) than at 60 kg K ha-1 added as K2SO4 or K-enriched 

compost with a reverse behaviour noted in Super basmati. However, IR-6 proved more 

responsive to high levels of K applied as K-enriched compost with an opposite trend at such 

high level of K as K2SO4. 

Relatively high KUE was observed at 30 kg and 60 kg K ha-1 when K was applied as 

K-enriched compost compared with 30 and 60 kg K ha-1 added as K2SO4 in all three 

genotypes, indicating that all these genotypes were relatively more responsive to organic 

forms of K for enhancing KUE. It was interesting to note that the genotype which was 

medium in KUE (Super basmati) behaved as highly K-efficient under puddled field 

conditions. Contrary to this, the genotype 99509, which exhibited high KUE in hydroponics, 

behaved as a medium K-efficient genotype, while the behaviour of low K=efficient IR-6 

remained consistent. A significant effect of organic and inorganic K sources and their 

interaction with genotypes on the KUE was noted. 
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Figure 4.9 Effect of organic and inorganic K sources on the total potassium uptake of 

rice genotypes under the standard rice management system (SRM) 
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Figure 4.10 Yield responses to organic and inorganic K sources in rice genotypes 

under the standard rice management system (SRM) 
 
 
 
 
 



 95

 
 
 
 
 
 
 
 
 
 

ef

hij
klijkkjk

l

b

a

c
b

c

d

e

gggh

eff
ghhi

0.3

0.8

1.3

1.8

2.3

2.8

Control 30K 30EC 15K+15EC 60K 60EC 30K+30EC

K rate (kg ha-1)

K
 u

se
 e

ff
ic

ie
n

cy
 (

g
2  t

ot
al

 w
ie

gh
t 

m
g-1

 K
)

IR-6 Super basmati 99509

 

Figure 4.11 Effect of organic and inorganic K sources on K use efficiency of rice 
genotypes under the standard rice management system (SRM) 
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4.4 Growth and yield of selected rice genotypes as influenced by inorganic and 

organic K nutrition under the system of rice intensification (SRI): Field 

experiment 

The same three selected rice genotypes differing in KUE and responsiveness used 

under SRM were tested for their growth and yield responses to various exogenously-applied 

levels of inorganic and organic K nutrition under system of rice intensification (SRI) 

management. The three rice genotypes differed significantly (P<0.05) for all of their growth 

and yield parameters due to both sources of variance, i.e., genotype, organic vs. inorganic K 

levels, and their interaction (G×K).  

Like in the SRM trials, the effects of organic and inorganic K sources on number of 

tillers (NOT) were also found to be significant under SRI practices. It was evident from the 

data (Table 4.17a) that the combined application of 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as 

K-enriched compost was the best dose to achieve maximum tillering in IR-6 (low K-use 

efficient), while the combination of 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K-enriched 

compost was the most effective dose to maximize tillering potential in the case of Super 

basmati (medium K-use efficient). However, 60 kg K ha-1 as K-enriched compost resulted in 

maximum tillering potential of 99509 (high K-use efficient). Results also revealed that 

relatively more NOT were produced at 60 kg K ha-1 applied either as K2SO4 or K-enriched 

compost compared with 30 kg K ha-1 added as K2SO4 or K-enriched compost in two of three 

genotypes, excepting Super basmati which showed relatively more NOT at 60 kg K ha-1 

applied as K-enriched compost than that of 30 kg K ha-1 as K-enriched compost only.  

All the genotypes when managed under SRI conditions were more responsive to 

higher levels of K (60 kg ha-1) applied either as organic or inorganic source with the exception 

of Super basmati, which was less responsive to organic K at higher level. It is also evident 

from the data that relatively more NOT were recorded at 30 and 60 kg K ha-1 when added as 

K-enriched compost than for the respective dose applied as K2SO4 in two of three genotypes, 

except for Super basmati which produced relatively more NOT at 60 kg K ha-1 applied as 

K2SO4 than with 60 kg K ha-1 added as K-enriched compost. This indicates that IR-6 and 

99509 genotypes were more responsive to organic forms than inorganic ones, while Super 

basmati was more responsive to inorganic forms at higher level only. On an overall basis, the 

performance of genotypes for the production of NOT was the same as under SRM, i.e., in the 

order of IR-6 > Super basmati > 99509. The analysis of variance showed a significant at 
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P<0.05 genotypes × treatments interaction on this parameter at same and different levels of K 

sources as shown in Table 4.17b. 

The effect of organic and inorganic sources of K showed a significant response in 

enhancing the number of panicles in all three genotypes (Table 4.17a). From the data, it was 

observed that number of panicles (NOP) m-2 in IR-6 (low K-use efficient) were maximum 

with the combined application of 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-enriched 

compost, while 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K-enriched compost was the most 

affective dose in the case of Super basmati (medium K-use efficient). However, an application 

of 60 kg K ha-1 as K-enriched compost proved to be an optimum dose for attaining maximum 

NOP in the case of 99509 (high K-use efficient). It was also observed that relatively more 

NOP were produced at 60 kg K ha-1 (as K2SO4) than with 30 kg K ha-1 (as K2SO4), while 

relatively less NOP were produced at 60 kg K ha-1 (as K-enriched compost) compared with 30 

kg K ha-1 (as K-enriched compost) in two of three genotypes, excepting 99509. 

This showed that with SRI management, IR-6 and Super basmati genotypes were more 

responsive to higher levels of K (60 kg ha-1) added as K2SO4 as well as to lower levels of K 

(30 kg ha-1) applied as K-enriched compost. It was further noted that relatively more NOP 

were produced at 30 kg K ha-1 applied as K-enriched compost than with 30 kg K ha-1 added as 

K2SO4 in all three genotypes, while a smaller NOP was recorded at 60 kg K ha-1 applied as K-

enriched compost than with 60 kg K ha-1 added as K2SO4 in all the genotypes, excepting 

99509 which showed an opposite effect. This indicates that all three genotypes were more 

responsive to organic forms of K at lower levels (30 kg K ha-1 ), while less responsive to 

organic forms of K at higher levels (60 kg K ha-1). Analysis of variance showed significant 

variety × treatment interaction on this parameter, both at same and different levels of 

treatments (Table 4.17b). 

Organic and inorganic K sources and their interaction with genotype had a significant 

(P<0.05) effect on the number of spikelets per panicle (SPP), as shown in Table 4.18a and 

4.18b. Data revealed that the combination of 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-

enriched compost was the best dose to exploit the maximum spikelet potential of all three 

genotypes. It was observed that relatively fewer SPP were recorded at 60 kg K ha-1 (K2SO4) 

than at 30 kg K ha-1 (K2SO4) both in Super basmati and 99509, while a reverse response was 

found in IR-6. However, more SPP were recorded at 60 kg K ha-1 when applied as K-enriched 

compost in IR-6 and 99509, while Super basmati showed an opposite response at this level. It 
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was also noted that IR-6 was relatively more responsive to higher level (60 kg K ha-1) of both 

organic and inorganic K, while Super basmati was more responsive to a lower level of K.  

On the other hand, 99509 was relatively more responsive to lower level of K as K2SO4 

as well as to a higher level of organic K. It was further observed that relatively more SPP 

were recorded at 30 and 60 kg K ha-1 when added as K-enriched compost than with 

respectively 30 and 60 kg K ha-1 applied as K2SO4 in two of the three genotypes, excepting 

Super basmati, which produces relatively more SPP at higher levels of K. This may indicate 

that the two genotypes (IR-6 and 99509) were relatively more responsive to organic forms of 

K, while Super basmati was more responsive to a higher level of inorganic K forms. Overall, 

among the genotypes, higher SPP were observed in the order of Super basmati > 99509 > IR-

6. 

There were significant (P<0.05) main and interactive effects of genotype and K source 

on the 1000-grain weight (TGW) as shown in Table 4.18a and 4.18b. Results revealed that an 

combined application of 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-enriched compost was the 

best dose to attain the maximum TGW potential in IR-6 (low K-use efficient) and 99509 (high 

K-use efficient), while 60 kg K ha-1 as K-enriched compost was the most effective application 

in the case of Super basmati (medium K-use efficient). Interestingly no difference in TGW 

was present at either 30 or 60 kg K ha-1 when K was applied as K2SO4 in Super basmati and 

99509; however, an obvious difference was seen at 60 kg K ha-1 over 30 kg K ha-1 when K 

was applied as K-enriched compost in Super basmati and IR-6. Comparison of organic vs. 

inorganic sources showed that relatively higher TGW was recorded with organic K sources 

than inorganic K sources in two of the three genotypes, 99509 being the divergent genotype.  

There were significant (P<0.05) main and interactive effects of genotype and K source 

on straw yield (SY) (Mg ha-1) as shown in Table 4.19a and 4.19b. Results revealed that an 

combined application of 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K-enriched compost was the 

best treatment for maximizing SY in Super basmati (medium K-use efficient), while 60 kg K 

ha-1 as K-enriched compost was most effective for IR-6, and application of 30 kg K ha-1 as 

K2SO4 proved to give the best SY in 99509. 

Relatively more SY was recorded at 60 kg K ha-1 applied as either K2SO4 or K-

enriched compost than for 30 kg K ha-1 as K2SO4 or K-enriched compost in IR-6, while a 

reverse response was found in 99509. On the other hand, relatively more SY from Super 

basmati was recorded at 60 kg K ha-1 than from 30 kg K ha-1 added as K2SO4. However, an 

opposite response was found at 60 kg K ha-1 applied as K-enriched compost. Thus, for straw 
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yield with SRI practices, IR-6 was relatively more responsive to higher levels of K, and 

genotype 99509 to lower levels of K whether applied in organic or inorganic forms. However, 

Super basmati was relatively more responsive to a higher level of inorganic K as well as to a 

lower level of organic K. 

Comparison of organic vs. inorganic K sources revealed that relatively more SY was 

recorded from both inorganic K sources than organic K sources in two genotypes (IR-6 and 

Super basmati), while 99509 showed higher SY only at higher levels of organic K. It is very 

likely that the two genotypes (IR-6 and Super basmati) were more responsive to inorganic 

sources, while 99509 was more responsive to organic sources. Statistically, SY effects with 

all three genotypes at same and different levels of treatments were significant. 
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Table 4.17a  Effect of organic and inorganic K sources on the number of tillers and 

number of panicles of rice genotypes under the system of rice intensification (SRI) 

 

K Level Number of tillers m-2 (NOT) Number of panicles m-2 (NOP) 

kg ha-1 IR-6 
Super 

basmati 
99509 IR-6 

Super 
basmati 

99509 

Control 566 500 550 460 452 525 

30K 615 589 588 517 542 566 

30EC 689 650 590 607 602 568 

15K+15EC 705 678 606 615 623 583 

60K 702 655 603 607 615 580 

60EC 703 639 628 606 594 596 

30K+30EC 613 703 601 525 646 577 

    EC = K in the form of enriched compost 
 

 

Table 4.17b Analysis of variance for yield parameters 

HSD at P = 0.05 V T V×T 

No. of tillers 17.815 36.177 74.759† 76.204‡ 

No. of panicles 16.002 32.195 67.151† 68.22‡ 
†values for genotypic variations at same K level   
‡values for genotypic variations at different K levels 
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Table 4.18a Effect of organic and inorganic K sources on the number of spikelets 
panicle-1 and 1000-grain weight of rice genotypes under the system of rice 
intensification (SRI) 

 

K Level 
Number of spikelets panicle-1 

(SPP) 
1000-grain weight (g)           

(TGW) 

kg ha-1 IR-6 
Super 

basmati 
99509 IR-6 

Super 
basmati 

99509 

Control 
90 114 102 20.7 17.1 18.2 

30K 
103 129 120 20.8 18.1 20.2 

30EC 
110 138 131 21.5 18.6 20.6 

15K+15EC 
132 138 150 22.4 18 20.6 

60K 
113 128 117 21.6 18.1 20.2 

60EC 
121 124 135 22 20.3 18.7 

30K+30EC 
110 137 123 22.1 17.9 20.5 

     EC = K in the form of enriched compost 
 

 

Table 4.18b Analysis of variance for yield parameters 

HSD at P = 0.05 V T V×T 

Number of spikelets  2.9533 7.1926 12.393† 13.592‡ 

1000 grain weight 0.275 0.0441 0.1152† 0.1093‡ 
†values for genotypic variations at same K level   
‡values for genotypic variations at different K levels 
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Significant (P<0.05) effects of organic vs. inorganic K sources and their interaction 

with genotype were found on grain yield (GY) for all three genotypes which differed in their 

K-utilization efficiency (Table 4.19a and 4.19b). From the data, it is evident that the 

application of organic and inorganic K sources alone or in combination significantly increased 

the GY over control in all three genotypes. The combined application of 15 kg K ha-1 as 

K2SO4 + 15 kg K ha-1 as K-enriched compost was sufficient to optimize GY in all three 

genotypes. It was also observed that there was a yield response of 29% by IR-6 and 35% by 

Super basmati, while 43% by 99509 was found with a treatment of 15 kg K ha-1 as K2SO4 + 

15 kg K ha-1 as K-enriched compost, as compared to control. It was observed that relatively 

more GY was recorded at 60 kg K ha-1 than 30 kg K ha-1 added as K2SO4 in IR-6 and Super 

basmati, with a reverse result in the case of 99509. Relatively less GY was recorded in all 

three genotypes at 60 kg K ha-1 than at 30 kg K ha-1 applied at both rates as K-enriched 

compost. So IR-6 and Super basmati were relatively more responsive to higher levels of K (60 

kg K ha-1) as K2SO4 produced higher GY, with 99509 performing better with a lower level of 

K application.  

All the three genotypes were more responsive (in terms of grain yield) to lower level 

of K (30 kg K ha-1) when applied as K-enriched compost. Comparison of organic vs. 

inorganic K sources revealed that less grain yield was produced at 30 kg K ha-1 applied as 

K2SO4 than when 30 kg K ha-1 was added as K-enriched compost for all three genotypes. 

However, in the case o f IR-6 and 99509 genotypes, relatively more GY was recorded at 60 

kg K ha-1 applied as K2SO4 than with 60 kg K ha-1 added as K-enriched compost, while Super 

basmati yielded more with K-enriched compost. It appears that Super basmati was relatively 

more responsive to organic forms, while IR-6 and 99509 were more responsive to both lower 

levels of organic as well as higher levels of inorganic forms of K. Overall, yield performance 

of rice genotypes under SRI management was ranked in the order of 99509 > Super basmati > 

IR-6.  

There was a significant difference in root length (cm) at the same or different levels of 

K treatments within the genotypes and in their interaction (Table 4.20a and b). All three 

showed an increase in root length over the control in response to all the treatments. It was 

noted that an combined application of 15kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-enriched 

compost was sufficient to get the maximum root length in IR-6 (low K-use efficient) and 

99509 (high K-use efficient), while an application of 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as 
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K-enriched compost was effective to get maximum root length in Super basmati (medium K-

use efficient). 

It was observed that in the case of IR-6 and 99509, a higher level of K (60 kg ha-1) 

resulted in less root length than with a lower level (30 kg K ha-1) when applied as K2SO4 (Fig. 

4.12), while Super basmati exhibited an opposite response. In a similar way, relatively less 

root length was recorded at 60 kg K ha-1 when applied as K-enriched compost than when 

applied @ 30 kg K ha-1 with IR-6 and Super basmati, while 99509 showed an increase at this 

level. Genotype IR-6 showed an increase in root length at lower levels of K (30 kg K ha-1) 

applied either as K2SO4 or K-enriched compost, while Super basmati exhibited increased root 

length at the higher level of K applied as K2SO4 as well as at the lower level of K applied as 

K-enriched compost. On the other hand, the response of 99509 was the reverse of Super 

basmati. 

It was further observed that applications of 30 and 60 kg K ha-1 as K2SO4 resulted in 

less root length of IR-6 than recorded at 30 and 60 kg K ha-1 as K-enriched compost. In Super 

basmati, less root were recorded at 30 kg ha-1 applied as K2SO4 than with 30 kg K ha-1 added 

as K-enriched compost compared to the root length for 60 kg K ha-1. The response of 99509 

was the reverse of Super basmati. It was also noted that IR-6 was relatively more responsive 

to organic K than inorganic K. Super basmati was more responsive to organic K at a lower 

level and to inorganic K at a higher level. Statistically, root length in all the three genotypes 

was significantly different at the same and different levels of K application. 

Fig. 4.13 shows the changes in total K uptake (kg ha-1) by the three rice genotypes 

exposed to various levels of organic and inorganic K sources. Genotypes showed different 

responses in total K uptake; however, interaction of genotypes both at same and different 

levels of treatments was found significant at P<0.05. It is evident from the data that K 

application @ of 60 kg K ha-1 as K2SO4 was the most effective dose for maximizing the total 

K uptake both in IR-6 (low K-use efficient) and Super basmati (medium K-use efficient), 

while the same dose when applied as K-enriched compost was responsible for maximizing 

total K uptake in 99509. 

 Comparison of K treatments showed that relatively more total K uptake was observed 

at 60 kg K ha-1 applied either as K2SO4 or as K-enriched compost compared with 30 kg K ha-1 

as K2SO4 or K-enriched compost in both IR-6 and 99509 genotypes.  Super basmati at the 

same time showed relatively less total K uptake at 60 kg K ha-1 applied as K-enriched 

compost. This indicates that two genotypes (IR-6 and 99509) were more responsive to higher 
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level of K (60 kg K ha-1) added either as K2SO4 or K-enriched compost while Super basmati 

was more  responsive to 60 kg K ha-1 as K-enriched compost. 

  Similarly, the two genotypes (IR-6 and Super basmati) showed more responsiveness 

for total K uptake with an combined application of 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as 

K-enriched compost than for an combined application of 15 kg K ha-1 as K2SO4 + 15 kg K ha-

1 as K-enriched compost with a reverse response in the case of genotype 99509. Statistically, 

15 kg K ha-1 as K2SO4+15 kg K ha-1 as K-enriched  compost and 30 kg K ha-1 as K2SO4 + 30 

kg K ha-1 as K-enriched compost were both at par in IR-6 and Super basmati. 
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Table 4.19a Effect of organic and inorganic K sources on the straw yield and grain 
yield of rice genotypes under the system of rice intensification (SRI) 

K Level Straw yield (Mg ha-1) (SY) Grain yield (Mg ha-1) (GY) 

kg ha-1 IR-6 
Super 

basmati 
99509 IR-6 

Super 
basmati 

99509 

Control 
5.25 6.41 6.80 4.32 5.61 5.54 

30K 
5.31 6.77 7.36 5.09 6.32 6.77 

30EC 
4.94 6.77 6.70 5.38 7.31 7.13 

15K+15EC 
5.60 7.55 6.30 5.58 7.59 7.91 

60K 
5.81 6.89 6.40 5.33 6.61 6.72 

60EC 
5.05 6.13 6.54 4.60 7.04 6.23 

30K+30EC 
5.21 7.93 6.26 5.34 6.86 5.85 

     EC = K in the form of enriched compost 

 

Table 4.19b Analysis of variance for yield parameters 

HSD at P = 0.05 V T V×T 

Straw yield 0.0663 0.1947 0.2781† 0.3347‡ 

Grain yield 0.1657 0.6200 0.6951† 0.9673‡ 
†values for genotypic variations at same K level   
‡values for genotypic variations at different K levels 
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Table 4.20a  Effect of organic and inorganic K sources on the root length of rice 
genotypes under the system of rice intensification (SRI) 

K rate Root length (cm) 

(kg ha-1) IR-6 Super basmati 99509 

Control 
21,220 21,857 21,447 

30K 
33,675 30,849 32,805 

30EC 
36,103 40,134 31,343 

15K+15EC 
37,250 38,445 37,581 

60K 
26,397 32,291 29,304 

60EC 
33,581 30,111 32,548 

30K+30EC 
28,392 40,231 33,304 

      EC = K in the form of enriched compost 
 

Table 4.20b Analysis of variance for yield parameters 

HSD at P = 0.05 V T V×T 

Root length 40.791 79.311 171.17† 171.85‡ 
†values for genotypic variations at same K level   
‡values for genotypic variations at different K levels 

 



 107

 

 

Figure 4.12  Comparison between roots of rice genotype 99509 under SRM and SRI 
(treatments T1 to T7 are from left to right) 
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Comparison of the nature of K sources revealed that relatively less total K uptake was 

found at 30 kg K ha-1 added as K2SO4 than when 30 kg K ha-1 was applied as K-enriched 

compost for IR-6 and Super basmati, while 99509 showed a reverse response. More total K 

uptake at 60 kg K ha-1 (in K2SO4 form) than with 60 kg K ha-1 applied as K-enriched compost 

was recorded in the case of IR-6 and Super basmati. Genotype 99509 again showed a 

different behaviour. So IR-6 and Super basmati were relatively more responsive to organic 

form at lower level as well as to inorganic form of K at higher level. Genotype 99509 was 

more responsive to organic K at higher level. A general total K uptake trend in the three 

genotypes was in the order of 99509 > Super basmati > IR-6.  

The yield response by genotypically varying rice cultivars to organic and inorganic K 

sources was statistically significant at P<0.05 as is evident from Fig. 4.14. Results revealed 

that the maximum yield response of 29% and 43% by IR-6 and 99509, respectively, was 

recorded with integrated use of 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K-enriched compost, 

while 35% increase was obtained by Super basmati at an integrated application of 30 kg K ha-

1 as K2SO4 + 30 kg K ha-1 as K-enriched compost. Relatively more yield response was 

observed in two of the three genotypes (IR-6 and Super basmati) at 60 kg K ha-1 than that of 

30 kg K ha-1 applied as K2SO4 except for genotype 99509. However, a decrease in yield 

response at 60 kg K ha-1 compared to 30 kg K ha-1 both applied as K-enriched compost was 

observed in all three genotypes. However, all three genotypes were more responsive to a 

lower level of K in the form of K-enriched compost. This indicates that the three genotypes 

were relatively more responsive to organic forms of K at lower levels, while IR-6 and 99509 

were more responsive to inorganic forms of K at a higher level (60 kg K ha-1) with a contrary 

response in Super basmati. Statistically significant results were obtained with same and 

different levels of treatments at P<0.05. 

Potassium use efficiency (KUE) of the three rice genotypes exposed to varying levels 

of organic and inorganic K sources is shown in Fig. 4.15. Results revealed that KUE of grain 

+ straw dry weight was highest in the case of Super basmati where K was applied in the 

combined form of 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K-enriched compost, whereas 60 

kg K ha-1 applied as K2SO4 increased the KUE to its maximum in IR-6. However, in the case 

of genotype 99509, maximum KUE was recorded where no K was applied. Furthermore, it 

was observed that in both IR-6 and Super basmati, K application @ 60 kg K ha-1 as K2SO4 

was more effective for KUE than that of 30 kg K ha-1, while a reverse trend was noted in 

99509. However, relatively more KUE was observed at 60 kg K ha-1 applied as K=enriched 
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compost over respective 30 kg K ha-1 in all the three genotypes, indicating that all three 

genotypes were comparatively more responsive to higher levels of organic K.  

Comparison of organic vs. inorganic K sources revealed that KUE was relatively 

higher in IR-6 and Super basmati under inorganic K application compared to that found in 

case of organic form of K application. It is also interesting to note that the KUE observed at 

control levels for each genotype was usually higher than that of organic sources in particular 

and at lower level of inorganic K (30kg K ha-1 as K2SO4) as well as K applied as combination 

of 15 kg K ha-1 K2SO4+15 kg K ha-1 K-enriched compost in general. It was worth noting that 

the Super basmati which was in the medium range with respect to KUE under hydroponic 

conditions exhibited high KUE (4.94 and 4.74) compared to the highly efficient K-use 

genotype 99509 when exposed to combined organic and inorganic K sources, while it 

remained low in KUE at the other organic and inorganic levels. Overall, the medium K-

efficient Super basmati superceded the highly efficient 99509 in the field, while the less K-

efficient IR-6 response remained consistent. A significant effect of organic and inorganic K 

sources and their interaction with genotypes on the K use efficiency was observed. 
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Figure 4.13 Effect of organic and inorganic K sources on the total potassium uptake of 

rice genotypes under the system of rice intensification (SRI) 
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Figure 4.14 Effect of organic and inorganic K sources on the yield response to K 

fertilizer of rice genotypes under the system of rice intensification (SRI) 
 
 

 



 112

 

 

 

 

 

 

 

fg
g

f
f

g

ffg

a

cde
bc

a

e
cde

bcd
de

bbcd
bcdcd

bcdb

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

control 30K 30EC 15K+15EC 60K 60EC 30K+30EC

K rate (kg ha-1)

K
 u

se
 e

ff
ic

ie
n

cy
 (

g
2  t

ot
al

 w
ei

gt
 m

g-1
 K

) IR-6 Super basmati 99509

 

Figure 4.15 Effect of organic and inorganic K sources on K use efficiency of rice 
genotypes under the system of rice intensification (SRI) 
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4.4.1 Comparison of grain and straw yield of the three rice genotypes under SRM vs 

SRI systems 

Comparisons of rice grain and straw yield recorded with SRM and SRI management 

of differentially-efficient selected rice genotypes exposed to various levels of organic and 

inorganic K sources are given in Tables 4.21 and 4.22. Data revealed that average grain yield 

(Mg ha-1) recorded under SRI was more than that of SRM. However, average straw yield (Mg 

ha-1) under SRM was more than that of SRI. This suggested that SRI was more efficient 

system to increase grain yield, while SRM was more efficient to increase straw yield. 

Genotypes IR-6, Super basmati, and 99509 showed 24.6, 14.6 and 10.7% increase in grain 

yield, respectively, under SRI over SRM. On the other hand, genotypes Super basmati, 99509 

and IR-6 showed 15.0, 9.5, and 1.9% increase in straw yield, respectively under SRM over 

SRI. 

Maximum grain yield in the case of IR-6, Super basmati and 99509 was recorded with 

different fertilizer treatments under SRM and SRI systems. Maximum increase of 35% in IR-

6 and 19% in case of Super basmati and 99509 each was found, respectively, when grown 

under SRI compared to that of SRM. Similarly, the maximum straw yield in case of 99509, 

Super basmati and IR-6 was recorded with different fertilizer treatments under SRM and SRI 

systems. Maximum straw increase of 30.3, 24.2 and 8.0% were found in the cases of 99509, 

Super basmati and IR-6, respectively, when grown under SRM compared to SRI. The grain 

yield as well as straw yield of the three genotypes was influenced by the rate and source of K 

under both systems.  

4.4.2 Economics of production 

A comparison for evaluating the costs of production with net revenue return from the 

two systems is shown in Table 4.23. It was determined by computing total costs of production 

under the two systems. It was noted that total cost of production was higher (Rs. 46,824/- ha-

1) in SRM than that computed (Rs. 30,404 ha-1) in SRI with a difference of Rs. 16,420/- ha-1. 

It was interesting to note in breaking up of the total costs of production that a substantial 

decrease in the cost of seed (-108%) was recorded in SRI. Offsetting this, the labour cost was 

higher in SRI compared to SRM (+76% more in respect of transplanting, +61% more in case 

of weed eradication). It was also noted that total cost of labour in SRM system was less 

(137%) as compared to SRI. However, a drastic decrease in the cost of water application (-
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83%) was found under SRI as compared to SRM. This big difference in cost of water was 

because of less water (-46.8%) was required under SRI during the whole growth period.  

There was higher grain yield with SRI, on the other hand: 7.91 Mg ha-1 with 99509, 

7.59 Mg ha-1 with Super basmati, and 5.58 Mg ha-1 in the case of IR-6. The net return ha-1 

from the rice genotypes under SRI compared with SRM was in the order of IR-6 (35%) > 

Super basmati (19%) = 99509 (19%). The net revenue increase with each genotype in SRI 

over SRM was Rs. 91,220 ha-1 for IR-6 (42%), Rs. 110, 920 ha-1 for Super basmati (23%), 

and Rs. 92,420 for 99509 (19%), respectively. The net revenue return in case of 99509 was 

low in spite of the highest grain yield in this study. This fact may be attributed to the low 

market price received for 99509. 
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Table 4.21 Effect of organic and inorganic K sources on the % increase in grain yield 

of rice genotypes under SRI over SRM 

T
reatm

en
t 

K rate 
Grain yield (GY) (Mg ha-1) 

IR-6 Super basmati 99509 

kg  ha-1 SRM SRI 
% 

Inc/Dec† SRM SRI 
% 

Inc/Dec† SRM SRI 
% 

Inc/Dec† 

T1 Control 3.34 4.32 23 4.62 5.61 18 4.79 5.54 14 

T2 30K 3.54 5.09 31 5.11 6.32 19 5.82 6.77 14 

T3 30EC 3.51 5.38 35 5.91 7.31 19 5.88 7.13 18 

T4 15+15 4.28 5.58 23 6.77 7.59 11 6.39 7.91 19 

T5 60K 3.57 5.33 33 6.33 6.61 4 5.54 6.72 18 

T6 60EC 3.64 4.60 21 6.58 7.04 7 5.30 6.23 15 

T7 30+30 5.05 5.34 6 7.03 6.86 -3 6.07 5.85 -4 

Where EC = Enriched compost 

 15+15 and 30+30 = 15K+15EC and 30K+30EC, respectively 

† % increase/decrease in SRI over SRM 
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Table 4.22 Effect of organic and inorganic K sources on the % increase in straw yield 

of rice genotypes under SRM over SRI 

T
reatm

en
t 

K rate 
Straw yield (SY) (Mg ha-1) 

IR-6 Super basmati 99509 

kg  ha-1 SRM SRI 
% 

Inc/Dec† SRM SRI 
% 

Inc/Dec† SRM SRI 
% 

Inc/Dec† 

T1 Control 5.43 5.25 3.3 8.14 6.41 21.3 7.19 6.80 5.4 

T2 30K 5.17 5.31 -2.7 8.72 6.77 22.4 7.33 7.36 -0.4 

T3 30EC 5.37 4.94 8 8.57 6.77 21 8.90 6.70 24.7 

T4 15+15 5.71 5.60 1.9 8.05 7.55 6.2 9.04 6.30 30.3 

T5 60K 5.44 5.81 -6.8 7.25 6.89 5 6.17 6.40 -3.7 

T6 60EC 5.25 5.05 3.8 8.09 6.13 24.2 6.55 6.54 0.2 

T7 30+30 5.52 5.21 5.6 8.36 7.93 5.1 6.95 6.26 9.9 

Where EC = Enriched compost 

 15+15 and 30+30 = 15K+15EC and 30K+30EC, respectively 

† % increase/decrease in SRM over SRI 
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Table 4.23 Comparison between the standard rice management (SRM) and system of 
rice intensification (SRI) for cost of production (economics) 

Operation  SRM system SRI system Difference 

  ha-1 
Seed cost  

@ Rs. 100 Kg-1 
Rs. 25×100 = 2500/- Rs.12×100 = 1200/- Rs.1200/-(-108%) 

Fertilizer cost  
(Rs.) 

Rs. Same amount used Rs. Same amount used Rs. Nil 

Labour cost  
(Rs.) 

Rs. 2500/- (transplanting) Rs. 4100/- (transplanting) Rs. 1600/- (+76%)

Rs. 2300/- (weedicide) Rs. 3000/- (weed removal) Rs. 1700/- (+61%)

Irrigation water cost     
@ Rs. 1842 irrigation-1 

** 

Rs. 22×1842= 40,524/-         
(1676 mm)               

Rs. 12×1842 = 22,104/-
(915mm) 

Rs. 18,420/-  
(-83%) 

Total cost of 
Production 

Rs. 46,824/- Rs. 30,404/- 
Rs. 16,420/-  
(-54%)  

Grain yield return    

IR-6 
3.51 Mg ha-1                           
Rs. 3.5×40,000*= 1,40,400/-

5.38 Mg ha-1                           
Rs. 5.38×40,000=2,15,200/- 

Rs. 74,800/-
(+35%) 

Super basmati 
5.91 Mg ha-1                                   

Rs. 5.91×67500*=3,98,925/-
7.31 Mg ha-1                          
Rs. 7.31×67500=4,93,425/- 

Rs. 94,500/-
(+19%) 

99509 
6.39 Mg ha-1                       
Rs. 6.39×50,000*=3,19,500/-

7.91 Mg ha-1                         
Rs. 7.91×50,000=3,95,500/- 

Rs. 76,000/-
(+19%) 

Net revenue  
(Rs.) 

IR-6  Rs. 91,220/- 

Super basmati  Rs. 110,920/- 

99509  Rs. 92,420/- 

** Cost per irrigation (may vary place to place) 
* Cost per tonne of rice (may vary due to fluctuation in market price)  
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Figure 4.16 Different growth and development stages of rice genotypes under SRI 
showing their adaptability under agro environmental system of Pakistan.   

a & b) tillering stage of genotypes, c) grain formation stage, and d) number 
of tillers per plant. 

 
 
 
 
 

a b 

d c 
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4.5 Comparison of quality characteristics of rice grains grown under standard rice 

management (SRM) vs system of rice intensification (SRI) protocols 

Although the effectiveness of SRI to boost rice yields has been well documented, 

some concerns have been raised whether SRI may also affect the quality of rice grains or not. 

Particularly the returns from producing fine-grained rice like basmati, a major export earning 

source for Pakistan, depend on grain quality. So rice grain samples collected from SRM and 

SRI trials receiving the same set of different levels of exogenously applied organic and 

inorganic K nutrition were tested for their quality characteristics and economic production. 

Results revealed that rice grain of all three genotypes differed slightly in few of their 

characteristics; most of the characteristics remained unchanged under both systems. The 

standards set by IRRI for rice quality were used for evaluation. It was important to note that 

practically and statistically there was no difference observed in rice quality parameters 

determined under both SRM vs SRI. However, the % increase or decrease for comparing 

different quality parameters under both the systems is given below. 

Data regarding milling recovery (%) of three rice genotypes receiving same set of 

organic and inorganic K sources grown under two systems of management (SRM vs SRI) are 

given in Table 4.24. Both SRM and SRI showed a satisfactory milling recovery (%) for all 

three rice genotypes; however, milling recovery (%) under SRI was a little better than that of 

SRM. In general, the relative performance of the three genotypes under both systems was 

alike in the way that all the three genotypes showed maximum milling recovery (%) with 

combined application of both organic + inorganic K. Moreover, this % either decreased or 

remained at par with respect to milling recovery (%) when rice crops were exposed to higher 

levels of both organic and inorganic K. Furthermore, the genotypes were relatively more 

responsive to organic source compared to inorganic source. 

Comparison for head rice (%) in rice grown under two systems of management (SRI 

vs SRM) receiving the same set of organic and inorganic K sources is evident from the data 

given in Table 4.25. It was found that head rice (%) in all the fertilizer treatments was greater 

than their controls in all the genotypes under both systems of management. The % increase in 

head rice was a little higher in SRI than that of SRM. The application of 15 kg K ha-1 as 

K2SO4 + 15 kg K ha-1 as K-enriched compost increased the head rice (%) to its maximum in 

all the three genotypes under SRI, while 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K-enriched 

compost as well as 60 kg K ha-1 as K-enriched compost increased the head rice (%) under 
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SRM. This may imply that SRI is a low-input responsive system for higher percent of head 

rice after milling. In general, the relative performances of the three genotypes under both 

systems were almost alike. The genotypes were relatively more responsive to organic sources 

under SRM and more responsive to inorganic under SRI. 
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Table 4.24 Effect of organic and inorganic K sources on the milling recovery of rice 

genotypes under the standard rice management system (SRM) and system 

of rice intensification (SRI) 

K Level 
Milling recovery (%) 

IR-6 Super basmati 99509 

kg ha-1 SRM SRI 
% 

increase 
SRM SRI 

% 
increase 

SRM SRI 
% 

increase 

Control 67 69 2.9 62 64 3.1 67 66 -1.5 

30K 69 72 4.2 69 67 -3 69 67 -3 

30EC 71 73 2.7 67 68 1.5 69 69 0 

15K+15EC 69 73 5.5 69 70 1.4 70 73 4.1 

60K 68 70 2.9 64 64 0 69 67 -3.0 

60EC 70 72 2.8 67 66 -1.5 68 68 0 

30K+30EC 72 73 1.4 67 68 1.5 69 68 -1.5 

Where EC = Enriched compost 
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Table 4.25 Effect of organic and inorganic K sources on the head rice of rice 

genotypes under the standard rice management system (SRM) and system 

of rice intensification (SRI) 

K Level 
Head rice (%) 

IR-6 Super basmati 99509 

kg ha-1 SRM SRI 
% 

increase 
SRM SRI 

% 
increase 

SRM SRI 
% 

increase 

Control 48 49 2 50 53 5.7 56 55 -1.8 

30K 49 53 7.5 56 56 0 58 57 -1.8 

30EC 50 50 0 53 55 3.6 61 62 1.6 

15K+15EC 60 64 6.3 57 58 1.7 58 60 3.3 

60K 54 58 6.9 54 53 -1.9 58 57 -1.8 

60EC 52 52 0 58 57 -1.8 63 60 -5 

30K+30EC 54 55 1.8 58 57 -1.8 58 58 0 

Where EC = Enriched compost 

 

 

 

 

 

 

 

 

 

 

 

 

 



 123

 Effects of organic and inorganic K sources on kernel length (size) and length:breadth 

ratio (shape) of the three genotypically-varying rice cultivars under SRM vs. SRI are given in 

Table 4.26. The behaviour of 99509 for maximum kernel length was alike in both SRM and 

SRI. It was maximum with combined application of 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as 

K-enriched compost. The application of 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-enriched 

compost under SRM and 30 kg K ha-1 as K-enriched compost under SRI resulted in maximum 

kernel length in Super basmati, while the reverse of Super basmati was observed in IR-6.  

 The kernel length under SRI was little better than that of SRM. The behaviour of the 

three genotypes at lower and higher organic and inorganic K sources was similar under both 

systems of management. However, all three genotypes were more responsive to inorganic 

sources for this grain parameter. It was worth noting that in spite of the differences in 

responses to either organic or inorganic sources as well in length and length:breadth (L:B) 

ratio, the size class ‘Long’ and shape ‘Slender’ in all the three genotypes under both systems 

remained the same (Table 4.26).  

Genotypes analyzed for chalkiness and aroma when grown with varying levels of 

organic and inorganic K sources under SRM vs. SRI are presented in Table 4.27. The data 

revealed no effect of varying levels of organic and inorganic K sources as well as between the 

two systems (SRI and SRM) in terms of chalkiness and aroma in the three genotypes. It was 

further observed that the dorsal side chalkiness for IR-6, white centered (core) chalkiness for 

Super basmati, and no chalkiness for 99509 was found with both organic and inorganic K 

sources as well as in both systems. Aroma was absent in IR-6 and 99509, while it was present 

in Super basmati for all the treatments of organic and inorganic K under the two systems 

(SRM and SRI). In brief, no differences in chalkiness and aroma were observed in rice 

genotypes when grown under an alternative system called the System of Rice Intensification 

(SRI). 



 124

 

Table 4.26 Effect of organic and inorganic K sources on kernel size, size class, length 
breath ratio and shape of rice genotypes under the standard rice 
management system (SRM) and system of rice intensification (SRI) 

G
en

otyp
e. 

K Level Size L:B ratio Size class Shape 

kg ha-1 SRM SRI SRM SRI 
SRM 

andSRI  
SRM and SRI

IR-6 

Control 6.61 6.61 3.3 3.4 Long Slender 

30K 6.74 6.74 3.5 3.4 Long Slender 

30EC 6.75 6.70 3.6 3.4 Long Slender 

15K+15EC 6.61 6.80 3.3 3.5 Long Slender 

60K 6.63 6.62 3.5 3.3 Long Slender 

60EC 6.61 6.62 3.4 3.4 Long Slender 

30K+30EC 6.61 6.62 3.3 3.3 Long Slender 

S. bas. 

Control l 6.80 6.86 3.9 3.7 Long Slender 

30K 6.96 7.02 3.8 4.1 Long Slender 

30EC 6.94 7.28 3.9 4 Long Slender 

15K+15EC 7.12 7.14 4 4.1 Long Slender 

60K 6.96 7.03 4 4.2 Long Slender 

60EC 6.68 7.02 3.7 3.8 Long Slender 

30K+30EC 6.90 6.92 3.8 4.1 Long Slender 

99509 

Control 6.90 6.72 4 4.1 Long Slender 

30K 6.96 6.82 3.9 4.3 Long Slender 

30EC 6.92 6.86 3.9 4 Long Slender 

15K+15EC 7.02 6.98 3.9 3.9 Long Slender 

60K 7.08 6.90 4.1 4 Long Slender 

60EC 7.06 6.82 4.1 4 Long Slender 

30K+30EC 7.10 7.02 4 4.3 Long Slender 

Where EC = Enriched compost; S. bas. = Super basmati 
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Table 4.27 Effect of organic and inorganic K sources on chalkiness and aroma of rice 
genotypes under the standard rice management system (SRM) and system 
of rice intensification (SRI) 

G
en

otyp
e 

K Level SRM SRI 

(kg ha-1) Chalkiness Aroma Chalkiness Aroma 

IR-6 

Control Dorsal Absent Dorsal Absent 

30K Dorsal Absent Dorsal Absent 

30EC Dorsal Absent Dorsal Absent 

15K+15EC Dorsal Absent Dorsal Absent 

60K Dorsal Absent Dorsal Absent 

60EC Dorsal Absent Dorsal Absent 

30K+30EC Dorsal Absent Dorsal Absent 

S. bas. 

Control l Core Present Core Present 

30K Core Present Core Present 

30EC Core Present Core Present 

15K+15EC Core Present Core Present 

60K Core Present Core Present 

60EC Core Present Core Present 

30K+30EC Core Present Core Present 

99509 

Control No Absent No Absent 

30K No Absent No Absent 

30EC No Absent No Absent 

15K+15EC No Absent No Absent 

60K No Absent No Absent 

60EC No Absent No Absent 

30K+30EC No Absent No Absent 

        Where EC = Enriched compost; S. bas. = Super basmati 
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Effects of organic and inorganic K sources on alkali spreading value (ASV) for determining 

gelatinization temperature (G.T.) class among the rice genotypes grown under SRM and SRI 

are evident from the data reported in Table 4.28a. Very marginal or no difference in the 

average scores of alkali spreading values was found in the three genotypes against the 

application of organic and inorganic K source irrespective of rate under both the systems of 

management (SRM vs. SRI). However, the three genotypes differed from each other in 

average score under both systems.  

 Furthermore, the responses of three genotypes to both sources of K were essentially 

alike under both systems. Overall, genotypes Super basmati and 99509 remained in the rating 

of 3-5 (intermediate G.T. class), while 99509 remained in the rating of 6-7 (low G.T. class) 

under both systems of management (Table 4.28b). This indicates that the behaviour of all 

three genotypes under the two systems was very similar. This also showed that the system of 

rice intensification (SRI) is at par with conventional flooding systems (SRM) for quality 

sustainability with respect to GT. 

Results regarding the gel consistency (tenderness) in rice genotypes under varying 

levels of organic and inorganic K sources are presented in Table 4.29a. The differences 

between gel length in the three genotypes were prominent within the treatments as well as 

among the genotypes, but each genotype remained within the same class of G.C. under both 

systems (SRM vs. SRI). IR-6 and 99509 were found under the “medium” class as their value 

exceeded 40 mm but remained below 61 mm. On the other hand, Super basmati was in the 

“soft” class (gel length >61 mm) as is obvious from the data in Table 4.29b. Gel consistency 

class was found to be the same for each of the respective genotypes under either system of 

management. This indicates that no difference in gel consistency class emerged due to SRM 

vs. SRI in case of all the three genotypes. 
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Table 4.28a Effect of organic and inorganic K sources on alkali spreading value of rice 
genotypes under the standard rice management system (SRM) and system 
of rice intensification (SRI)  

G
en

otyp
e 

K Level SRM SRI 

(kg ha-1) 
Average 

score 
G.T** 

Average 
score 

G.T 

IR-6 

Control 6.92 low 7 low 
30K 7 low 6.92 low 
30EC 7 low 6.92 low 
15K+15EC 7 low 7 low 
60K 7 low 6.92 low 
60EC 7 low 7 low 
30K+30EC 6.67 low 7 low 

S. bas. 

Control l 3.25 I.M. 3.92 I.M. 
30K 3.42 I.M. 3.83 I.M. 
30EC 3.33 I.M. 3.83 I.M. 
15K+15EC 3.33 I.M. 3.83 I.M. 
60K 3 I.M. 3.42 I.M. 
60EC 3.67 I.M. 3.83 I.M. 
30K+30EC 3.29 I.M. 3.25 I.M. 

99509 

Control 4.50 I.M. 3.50 I.M. 
30K 4.17 I.M. 3.33 I.M. 
30EC 4.70 I.M. 5.02 I.M. 
15K+15EC 3.17 I.M. 3.17 I.M. 
60K 4.50 I.M. 4.83 I.M. 
60EC 4.42 I.M. 4 I.M. 
30K+30EC 4.25 I.M. 3.50 I.M. 

         Where I.M. = intermediate; EC = Enriched compost; S. bas. = Super basmati 

 

Table 4.28b Standard used for the classification of G.T* 

 
 
 
 
 

*Ali et al., 1992; ** Gelatinization temperature) 

Rating G.T. Class 
1-3 High 
4-5 Intermediate 

6-7 low 
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Table 4.29a Effect of organic and inorganic K sources on gel consistency of rice 
genotypes under the standard rice management system (SRM) and system 
of rice intensification (SRI) 

G
en

otyp
e 

K Level SRM SRI 

(kg ha-1) 
Gel length 

(mm) 
Class 

Gel length 
(mm) 

Class 

IR-6 

Control 46 Medium 41.6 Medium 
30K 46.6 Medium 43.6 Medium 
30EC 53.6 Medium 47.6 Medium 
15K+15EC 52.4 Medium 56.4 Medium 
60K 48.4 Medium 49.2 Medium 
60EC 47.2 Medium 50 Medium 
30K+30EC 51.6 Medium 48.4 Medium 

S. bas. 

Control l 60.4 soft 62.2 soft 
30K 61.4 soft 64 soft 
30EC 66.4 soft 64 soft 
15K+15EC 61.6 soft 62.8 soft 
60K 64.4 soft 68 soft 
60EC 66.8 soft 62.4 soft 
30K+30EC 68.4 soft 62 soft 

99509 

Control 44.4 Medium 42.2 Medium 
30K 41.6 Medium 52.4 Medium 
30EC 49.2 Medium 53.6 Medium 
15K+15EC 44.4 Medium 50.8 Medium 
60K 43.6 Medium 56.6 Medium 
60EC 46.8 Medium 52 Medium 
30K+30EC 51.6 Medium 46 Medium 

      Where EC = Enriched compost; S. bas. = Super basmati 
 
 
Table 4.29b Standard used for the classification of Gel consistency* 
 

Class Gel length (mm) 

Hard  ≤40 

Medium  41-60 

Soft  >61 
      *Graham, 2002 
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 Data regarding protein content in the three rice genotypes in response to varying levels 

of organic and inorganic K sources under SRM and SRI are shown in Table 4.30. Results 

revealed that protein content in all three genotypes was higher as a result of K applications 

over their respective control under both systems. The combined application of 30 kg K ha-1 as 

K2SO4 + 30 kg K ha-1 as K-enriched compost was found to be the best dose to produce 

maximum protein content under SRM, while 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-

enriched compost was best under SRI. However, overall protein content was a little higher in 

SRI than that of SRM. Genotypes for greater protein content were in the order of IR-6 > 

Super basmati > 99509 under both systems. The behaviour of the three genotypes to higher 

levels of either organic or inorganic K was also alike under both systems. Overall behaviour 

of the three genotypes was quite similar under both systems of management.  

The data regarding amylose content as influenced by varying levels of organic and 

inorganic K sources with the three genotypes under SRM and SRI management are presented 

in Table 4.31a. It is observed from the data that amylose content was relatively high in 

response to all treatments in IR-6 and Super basmati with the opposite in 99509 under SRM 

vs. SRI. Furthermore, no distinct behaviour for maximum amylose contents was found in all 

the genotypes under both systems. However, genotypes differed in amylose content at high 

levels of either organic or inorganic K under both systems. Genotypes were relatively more 

responsive to organic forms for amylose content under SRM, while they responded better to 

inorganic forms under SRI. In spite of the pronounced differences in response as well as in 

amylose content to organic vs. inorganic K sources among the genotypes under the two 

systems, the three genotypes remained in their same amylose category, i.e. ‘High’ for IR-6 

and ‘Intermediate’ for both Super basmati and 99509 (Table 4.31b). This may imply that rice 

quality of all three genotypes with respect to amylose content was independent of SRI vs. 

SRM management.  
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Table 4.30 Effect of organic and inorganic K sources on the protein content of rice 
genotypes under the standard rice management system (SRM) and system 
of rice intensification (SRI) 

K Level 
Protein Content (%) 

IR-6 Super basmati 99509 

kg ha-1 SRM SRI 
% 

increase 
SRM SRI 

% 
increase 

SRM SRI 
% 

increase 

Control 8.42 8.44 0.24 8.20 8.22 0.24 7.11 7.12 0.14 

30K 8.46 8.47 0.12 8.24 8.26 0.24 7.13 7.15 0.28 

30EC 8.46 8.51 0.59 8.27 8.27 0 7.15 7.17 0.28 

15K+15EC 8.51 8.54 0.35 8.31 8.34 0.36 7.21 7.23 0.28 

60K 8.51 8.52 0.12 8.27 8.25 -0.24 7.17 7.17 0 

60EC 8.54 8.55 0.12 8.29 8.31 0.24 7.15 7.19 0.56 

30K+30EC 8.54 8.55 0.12 8.32 8.34 0.24 7.17 7.19 0.28 

Where EC = Enriched compost 

 



 131

Table 4.31a Effect of organic and inorganic K sources on amylose content of rice 

genotypes under the standard rice management system (SRM) and system of rice 

intensification (SRI) 

G
en

otyp
e 

K rate SRM SRI 

(kg K ha-1) 
Amylose 

content (%)
Amylose 

class 

Amylose 
content 

(%) 

Amylose 
class 

IR-6 

Control 27.5 High 26.4 High 
30K 27.5 High 26.6 High 
30EC 29.8 High 26.4 High 
15K+15EC 29 High 29.4 High 
60K 29 High 30.2 High 
60EC 29.8 High 27.5 High 
30K+30EC 30.5 High 26.8 High 

S. bas. 

Control l 25 Intermediate 25 Intermediate
30K 25 Intermediate 24.6 Intermediate
30EC 25 Intermediate 22 Intermediate
15K+15EC 25 Intermediate 23.4 Intermediate
60K 24.5 Intermediate 24.5 Intermediate
60EC 22.2 Intermediate 25 Intermediate
30K+30EC 24.5 Intermediate 24.1 Intermediate

99509 

Control 23 Intermediate 25 Intermediate
30K 20.4 Intermediate 25 Intermediate
30EC 25 Intermediate 24.1 Intermediate
15K+15EC 24.1 Intermediate 24.4 Intermediate
60K 25 Intermediate 24.5 Intermediate
60EC 24.9 Intermediate 25.4 Intermediate
30K+30EC 24.5 Intermediate 25 Intermediate

        Where EC = Enriched compost; S. bas. = Super basmati 

 
Table 4.31b Standard used for the classification of amylose content* 

Amylose Category Amylose (%) 

Waxy (glutinous)  0-2 

Non-waxy (non-glutinous)  >2 

Very low  2-9 

 Low  20-25 

 Intermediate  20-25 

 High >25-33 

  *Graham, 2002 
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 Effects of organic and/ or inorganic K sources on the cooking quality parameters of 

the three rice genotypes harvested under SRM and SRI are given in Table 4.32. Results 

revealed that minimum bursting (%) in the three genotypes was observed with combined 

application of 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as K-enriched compost under SRM, 

while 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-enriched compost as well as 30 kg K ha-1 as 

K2SO4, resulted in maximum bursting (%) under SRI. Moreover, % decrease in bursting was 

17 in IR-6, 19 in Super basmati, and 7 in the case of genotype 99509 under SRI over SRM. 

Furthermore, the three genotypes differed in bursting (%) at higher levels of either organic or 

inorganic K source between SRM vs. SRI.  

 Bursting (%) was more with inorganic K sources under SRM and with organic K 

sources under SRI. Results for elongation ratio of cooked rice revealed no definite pattern for 

maximum elongation, either in the treatments or in genotypes with the two systems. However, 

genotypes were generally more responsive to inorganic K sources for higher elongation ratio 

under SRM and to organic K sources under SRI. It was interesting to note that differences in 

volume expansion ratio of cooked rice was found neither at varying levels of organic and/or 

inorganic K sources nor in the three genotypes under the two systems (SRI vs SRM). This 

might imply that rice cooking quality with respect to volume expansion ratio was independent 

of the SRI vs. SRM. 
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Table 4.32 Effect of organic and inorganic K sources on bursting, elongation and 
volume expansion ratios of rice genotypes under the standard rice 
management system (SRM) and system of rice intensification (SRI) 

   Where EC = Enriched compost 

G
en

otyp
e 

K rate  
(kg K ha-1) 

Bursting (%) 
Elongation 

ratio 
Volume 

expansion ratio

SRM SRI % 
difference

SRM SRI SRM SRI 

IR
-6 

Control 5.7 4.5 -27 2.1 2 1.2 1.2 

30K 5.5 3.6 -53 2.3 2.1 1.2 1.2 

30EC 5.6 5.6 0 2.2 2.3 1.2 1.2 

15K+15EC 5.5 5.4 -2 2.3 2.3 1.2 1.2 

60K 5.5 4.4 -25 2.3 2.4 1.2 1.2 

60EC 6.5 5.5 -18 2.2 2.4 1.2 1.2 

30K+30EC 5 5.5 9 2.2 2.3 1.2 1.2 

S
u

p
er b

asm
ati 

Control  6.5 5.2 -25 2.2 2.1 1.2 1.2 

30K 6 4.5 -33 2.4 2.3 1.2 1.2 

30EC 5.3 5.5 4 2.3 2.2 1.2 1.2 

15K+15EC 5.5 3.6 -53 2.3 2.3 1.2 1.2 

60K 5.5 4.5 -22 2.2 2.3 1.2 1.2 

60EC 5.6 5 -12 2.4 2.2 1.2 1.2 

30K+30EC 5.2 5.5 5 2.4 2.2 1.2 1.2 

99509 

Control 6 5.6 -7 2.1 2.1 1.2 1.2 

30K 6 4.3 -40 2.4 2.3 1.2 1.2 

30EC 5 5.5 9 2.4 2.2 1.2 1.2 

15K+15EC 6 6 0 2.3 2.3 1.2 1.2 

60K 6.8 5.7 -19 2.1 2.2 1.2 1.2 

60EC 5.6 5 -12 2.1 2.2 1.2 1.2 

30K+30EC 5 6 17 2.1 2.2 1.2 1.2 
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CHAPTER - 5 
 

DISCUSSION 

In the present scenario of ever-increasing fertilizer prices and with the threat of 

declining availability of water for crop production throughout the world, it is becoming very 

important to develop crop phenotypes that can tolerate the stresses of various nutrient 

deficiencies as well as limitations on fresh irrigation water in order to move safely toward low 

nutrient-input agriculture in the best interest of our future generations. This dissertation 

research was conducted to explore the effects of exogenously applied organic and /or 

inorganic K sources and of system of rice intensification methods on the growth and yield of 

rice genotypes differentially varying in their potassium-use efficiency (KUE). To achieve this 

objective, a series of hydroponic, pot and field studies were conducted, and useful findings are 

summarized in the following section. 

5.1 Genotypic variation in rice under deficient and adequate K conditions 

A hydroponic study was conducted to investigate the variations with respect to KUE among 

rice genotypes. For this purpose, genotypes were screened by growing them at deficient and 

adequate levels of K in the plants’ solution. Since shoot dry matter (SDM) is considered the 

most important plant response parameter to nutrient deficiency and is given a central place in 

screening programs (Fageria et al., 1988), so the SDM measures of all the genotypes were 

recorded (Table 4.1). Results revealed that all the genotypes exhibited some reduction in 

SDM due to K deficiency. Mean SDM at deficient K levels was about one half that compared 

to adequate K levels. 

The increase in SDM at adequate K level was most likely related to increased tillering, greater 

number of leaves, and higher photosynthesis (Fageria, 2004). Yang et al. (2003) and Gao et 

al. (2005) have observed differences in SDM among different crop cultivars with varying K 

supply at seedling stage. Higher root dry matter (RDM) at adequate K was attributed to larger 

adventitious root systems of plants under adequate K supply (Zhao, 1991). Increased root 

growth at the expense of shoot may be one of the possible mechanisms to cope with K stress. 

Some other researchers (Mahmood et al., 2001; Ashraf et al., 1997; Gill et al., 1997) have 

reported similar results in different crop species. Kousar et al. (2003) reported significant 
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differences among rice genotypes for RDM when grown under deficient P conditions. In this 

research, a highly significant correlation (r = 0.79) was found between SDM and RDM (Table 

4.6), which may implies that both SDM and RDM parameters are simultaneously affected by 

K supply in root medium. Mian et al. (1993) have shown a high correlation (r = 0.92**) 

between root and shoot weight of 40 wheat genotypes. Zhang et al. (2007) found that the dry 

weight accumulation of efficient cotton cultivars is directly related to increase in K content of 

root, stem and leaf under K-deficiency stress. 

K deficiency generally reduced SDM more than RDM. This resulted in an increase in 

root:shoot ratio (RSR). RSR is a measure of relative distribution of dry matter between the 

root and the shoot of a plant. RSR was increased in all the rice genotypes with K stress except 

for genotypes 99509, KSK-412, KSK-301, 99513, 49731, and 00518 (Table 4.1). Generally 

plants tend to accumulate more biomass in roots when grown under deficient nutrient 

conditions (Rengel and Marschner, 2005; Yang et al., 2005; Rangel and Marschner, 2008). 

The increased RSR of K-efficient rice cultivars favoured the translocation of photo-

assimilates from leaf to root and supported their growth by maintaining root growth and hence 

enhanced K uptake. This increased translocation of photosynthates resulted in an increase in 

RSR of the plant.  

In this study, differences among genotypes for biomass production at both K levels 

(adequate and deficient) and their interaction were statistically significant, which indicated 

wide variation among these genotypes to exploit the same growth environment for production 

of biomass, and thus the results could be used for selection of most efficient rice genotypes. 

These results were in accordance with the results of Mahmood et al. (2001) and Gill et al. 

(1997). 

At a deficient K level, K concentration in the shoot was lower than its critical 

concentration at this ontogenic stage (Reutevt et al., 1997). Genotypes showing less decrease 

in K content of shoot and root under K-deficiency stress were considered to be ‘tolerant’ 

(Ahmad et al., 2001). Our results confirmed earlier findings in various crops (Possingham, 

1957; Moore and Patrick, 1991; Ervio and Sippola, 1993; Welch, 1995), showing that K 

concentration in shoots was much higher than in roots. So rice straw may be returned to the 

field as a rich source of K.  

Shoot K uptake acquisition efficiency (mg 2plant-1) is the amount of K that is actually 

taken up by the plant in producing SDM at a particular growth stage (Marschner, 1995). 
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Uptake is the function of morphological and physiological activities of the roots. High K 

uptake by rice genotypes is usually attributed to higher SDM as well as RDM. A highly 

significant correlation of r = 0.91** (Table 4.6) was found between shoot K uptake and SDM. 

This confirmed that genetic variation in shoot K uptake existed in all the rice genotypes.  

Shoot K uptake in all the rice genotypes was higher with adequate, relative to 

deficient, K level. It was observed that due to K-deficiency stress, K uptake was badly 

affected with a reduction of 70% (Fig. 4.1). Moreover, Basmati-2000 and IR-6 showed poor 

K uptake at deficient as well as at adequate K levels. This indicated a differential response of 

rice genotypes based on genetic variations for K uptake at varying levels of K. Genetic 

differences in terms of K uptake have been reported by Hong and Hou (2004). K was more 

accumulated (74.9%) at adequate K level than at deficient K level (19.9%) in four rice 

genotypes (Guoping et al., 1999). It was also observed that mean K uptake by shoot was 

much higher than the uptake by roots both at deficient (21-fold) and at adequate (38-fold) K 

levels. Differences within the plant species for nutrient acquisition reflect differences in root 

morphology and in mechanisms that either aid or inhibit movement of K ions into the root. 

Similarly, the increased biomass allocation to roots under K-deficiency stress was recently 

reported in maize (Nawaz et al., 2006). 

Dry matter or yield production per unit of tissue K concentration is termed as 

potassium utilization efficiency (KUE) (Siddiqi and Glass, 1981). A significant effect of K 

levels (K), genotypes (G) and their interaction (K×G) was observed on KUE in rice 

genotypes. Results revealed great variations among rice genotypes for KUE. KUE was more 

pronounced at deficient than adequate K levels. This is in agreement with the results of Yang 

et al. (2003) who reported that although variation in KUE was present in rice genotypes, the 

KUE at a deficient K level (3 mg K L-1) was more than at an adequate K level (40 mg K L-1).  

In this research, a strong and significant correlation (r = 0.85**) was observed 

between KUE and SDM (Table 4.6). Differences among crop cultivars for KUE have also 

been reported by others (Siddiqi and Glass, 198; Kousar et al., 2003; Gill and Ahmad, 2003). 

Similarly, genetic differences for KUE were also reported in rice (Hong and Huo, 2004), 

wheat (Mahmood et al., 2001), sweet potato (George et al., 2002), and cotton (Casman et al., 

1989) genotypes. 

 In the current scenario, imbalanced use of K fertilizer, rapidly spreading K deficiency, 

and high prices of potash fertilizers have made more important the selection of K-efficient 

crop genotypes, which might adapt against nutrient-deficiency stress. The selection and 
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breeding for increased nutrient efficiency is a promising strategy to sustain crop productivity 

in low-input and environmentally-friendly agriculture systems in order to sustain agriculture 

to feed our continually increasing population (Gill et al., 2004). 

 Categorization of rice genotypes was made on the basis of their SDM and K uptake/ 

KUE as described by Gill et al. (2004b). On this basis, 26 rice genotypes were grouped into 5 

categories (Fig. 4.3). SDM and high K uptake (HSDM-HK) genotypes were found efficient in 

K acquisition and its utilization for biomass production under low K availability (Table 4.4). 

Hence, these may be selected for soils with a wide range of K contents. Genotypes of group 

LDM-LK were considered least efficient in both biomass production and K uptake (Tables 

4.2, and 4.3). KUE traits such as SDM and KUE of genotypes in this group were lower than 

for cultivars falling in group HSDM-HK. 

 Out of 26 genotypes, >50% of genotypes were placed in the MSDM-MK uptake 

category, i.e., these were medium in biomass production as well as K uptake. This implies 

that variability among rice genotypes for K uptake and KUE in relation to SDM also exists. 

Correlation analysis (Table 4.5) revealed that SDM had a highly significant positive 

correlation with shoot K uptake (r = 0.91**), KUE (r = 0.85**), followed by RDM (r = 

0.79**) and root K uptake (r = 0.70**). However, shoot K uptake was strongly correlated 

with RDM (r = 0.78**) and KUE (r = 0.57**), indicating that both shoot K uptake and KUE 

are highly correlated with RDM. Mian et al. (1993) have also shown a high correlation (r = 

0.92**) between root and shoot weight of 40 wheat genotypes. 

 The results of the present study also correspond to the work of Zhang et al. (2007), 

who found that KUE of cultivars was higher under lower K conditions than usually 

considered adequate. They calculated that the dry weight accumulated in the case of efficient 

cotton cultivars was directly related to increased K content of root and shoot under K-

deficiency stress. Since this study was conducted to identify genetic variation in K uptake and 

utilization and to select rice genotypes having high KUE, the results of the experiment 

showed that genetic variation in K uptake and K use efficiency existed among the genotypes. 

Based upon the results of this hydroponic study, three differentially-efficient in K-use 

genotypes were selected for subsequent studies. These genotypes included IR-6 (low in 

KUE), Super basmati (medium in KUE), and 99509 (high in KUE). 
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5.2 Growth and yield of selected rice genotypes as influenced by varying levels of 

potassium sulphate (pot trials) 

This study was carried out in order to investigate whether the three selected rice 

genotypes, which were differentially efficient in K utilization in a hydroponic system, 

remained consistent or deviated in their behaviour given the exogenous application of varying 

levels of K in soil. Results indicated the importance of K application in increasing the growth 

and yield attributes of the selected rice genotypes and thus confirmed the earlier findings 

reporting the essential role of K in determining crop growth and yield as well as grain quality 

(Petigrew, 2008; Mehdi et al., 2007). 

In general, all the growth and yield attributes were found to be increased over the 

control levels with exogenous K applications; however, maximum response in growth and 

yield parameters was observed at 60 kg K ha-1 in IR-6 and 99509, while this was at 30 kg K 

ha-1 in the case of Super basmati. As expected, the low-efficiency genotype with respect to K 

use responded to a relatively higher level (60 kg K ha-1), while the highly efficient genotype 

99509 also showed maximum response to this higher level of K. However, the medium-

efficient genotype Super basmati showed maximum response to a lower level of K (30 kg K 

ha-1).  

An increase in growth and yield attributes with the increasing application of K 

fertilizer have also been reported by many others (Panday et al., 1993; Bansal et al., 1993; 

Kalita et al., 1995; Ojha and Talukar, 2002; Awan et al., 2007; Bahmaniar and Ranjbar, 2007; 

Kalita et al., 1995; Panday et al., 1993; Bansal et al., 1993; Dunn and Stevens, 2005). The 

data summarized in Table 4.9b showed significant interaction between genotypes and K 

levels. The results are in line with the findings of Bahmaniar and Ranjbar (2007). 

The contrasting results regarding the influence of K nutrition on rice growth and yield 

parameters may be attributed to the rice genotypes used in the study. The genetic make-up of 

genotypes has also been reported to greatly influence yield (Horie et al., 2004). Acquisition of 

K in the root was maximum in 99509, but translocation of K from root to shoot was found to 

be higher in IR-6 (low K-use efficient), while K in seed was higher in Super basmati, 

indicating the existence of genotypic differences in K absorption, translocation and utilization 

in these genotypes. This premise further confirms the results of hydroponics study. 

 The K content in the grain was directly related to the grain yield obtained (Tables 4.9 

and 4.10). These results were in line with Awan et al. (2003). The increase in shoot K content 
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at higher K supply might be due to increased physiological processes, greater root growth, 

more yield, and more uptake of K (Smith 1975; Terman et al., 1975; Nath and Nath, 1979; 

Ologunde and Sorensen, 1982). 

Similarly, maximum total K uptake was noted in IR-6 (low K-use efficient) as 

compared to other high and medium K-use efficient genotypes. This may imply that although 

total K uptake was more in IR-6, its utilization for more grain formation was poor, thus 

showing its lower efficiency in K utilization. On the other hand, Super basmati with less total 

K uptake had higher grain yield, thus showing high KUE in terms of grain yield (Fig. 4.6). 

Generally, K uptake increased with the increase in K level (Bohri et al., 2000).  

The response to more K uptake might be due to the satisfactory availability of applied 

K (Rehman et al., 2006). However, Sarkar and Malik (2001) claimed that increase in paddy 

and straw yields by K application might be attributed to more N utilization in the plant system, 

resulting in more chlorophyll synthesis and efficient translocation of assimilates to 

reproductive parts. Bahmaniar and Ranjbar (2007) elucidated that K uptake in shoot and grain 

was significantly affected by cultivar and K treatment interaction. The K absorption by grains 

increased with the increase of K level (Sheng et al., 2004). K uptake was mainly dependent on 

the dry matter yield and K content of the straw.  

Efficient plants are those which may produce more biomass per unit of nutrient 

absorption, particularly under nutrient stress conditions. It was interesting to observe that 

KUE of grain + straw (g2 total weight mg-1 K) was less at higher levels of K than at lower 

levels in all three genotypes (Fig. 4.7). The same was also noted in rice crop by Fageria et al. 

(1988) and Blair and Wilson (1990). They reported that an increase in fertilization decreased 

the nutrient use efficiency. Further, similar results were also reported by Awan et al. (2003) 

for the rice line PB-95. The behaviour of 99509 (high K-use efficient) in response to varying 

levels of exogenously-applied K remained consistent with the hydroponic results. However, 

with Super basmati, KUE as well as yield was comparable to 99509, thus showing an 

improvement in performance. Hong and Hou (2004) also reported similar results.  

Optimizing grain yield along with reduction in production cost and minimizing 

pollution risks to the environment are considered very important in rice production worldwide 

(Koutroubas and Ntanos, 2003). The application of fertilizer in proper amounts is considered 

judicious and economical to boost up agricultural production to a desirable level (Panaullah 

et. al., 1998). Regression analysis for the three selected rice genotypes was done, and a model 
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was derived that best fit the quadratic functions for estimating the optimum level of each 

genotype over the different levels of K (Fig. 4.8). 

Dobermann and Fairhurst (2000) have stated that the optimal rate of fertilizer 

application to a crop is that rate which produces the maximum economic returns at the 

minimum cost, and this can be derived from a nutrient response curve. The large and 

significant R2 value at K levels for the three rice genotypes showed that the quadratic 

response fitted the data. This response curve showed that yield increased with increasing 

levels of K upto a certain level and thereafter decreased or had no effect. From the regression 

equation (Fig. 4.8), the optimum doses of K were estimated as 70 kg K ha-1 for IR-6, 63 kg K 

ha-1 for Super basmati, and 62 kg K ha-1 for 99509 (Table 4.12), respectively. Awan et al. 

(2007) also reported that a rate of 62.5 kg K ha-1 maximized rice yield to 4.73 tones ha-1. Our 

grain yield results are in line with several reports (Sharma et al., 1980; Bakash, 1986; Ravi 

and Rao, 1992; Panday et al., 1993; Bansal et al., 1993; Kalita et al., 1995; Padmavathi, 1997; 

Thakur et al., 1999; Romas et al., 1999; Dwivcdi et al., 2000; Ojha and Talukar, 2002; 

Samrathlal et al., 2003; Zhang and Wang, 2005; Ali et al., 2005; Zaman et. al., 2007; Islam et 

al., 2008). 

The differences in growth and yield attributes as well as optimum K level might be 

due to differential phenotypic variation of rice genotypes to the various levels of K, coupled 

with the optimum initial K status (95 ± 1.5 mg kg-1) of the experimental field (Table 3.3). The 

cumulative results of pot trials indicated that K fertilizer doses that might maximize the yield 

of the three rice genotypes were 70, 63 and 62 kg K ha-1, respectively, which were close to the 

standard recommended dose (60 kg ha-1) of K for rice production (Nazir et al., 1994). 

The application of K beyond 60 kg K ha-1 did not show any significant increase in 

yield and yield attributes of the differentially-efficient selected rice genotypes. This might be 

due to the disturbance in the balanced proportions of nutrients as well as the potential 

nutrients requirement of the crops. Similar results have also been reported by many other 

scientists (Awan et al., 2003; Ahamad, 1988; Munegowda et al., 1972; Ahamad and Hussain, 

1974; Dilbaugh et al., 1986; Dixit and Singh, 1986 and Mengel, 1983). The behaviour of all 

the three genotypes with low, medium and high KUE observed in pot trials was quite similar 

to what was noted in hydroponics. Since 60 kg K ha-1 was found optimum dose for maximum 

rice yield in these pot trials, this level was selected as the maximum dose for both field trials 

under SRM and SRI. 
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5.3  Growth and yield of selected rice genotypes as influenced by inorganic and 

organic K nutrition under the standard rice management (SRM) and system of 

rice intensification (SRI): Field experiments 

After verifying the consistency in behaviour for KUE of selected rice genotypes in pot 

trials along with determination of optimum K level for maximum grain yield, these three 

differentially-efficient genotypes in terms of their K use were tested under field conditions by 

using standard rice management (SRM) and system of rice intensification (SRI) practices. The 

primary objective was to see how these genotypes behave with various levels of exogenously-

applied inorganic (K2SO4) and/ or organic sources of K (K-enriched compost). All the three 

genotypes responded positively to the application of varying levels of inorganic K (K2SO4) 

and organic K (K-enriched compost), but relatively more response was observed in case of 

combined application of both K sources.  

Under SRM, the maximum grain yield response was observed at a combined 

application of higher level of organic + inorganic K source (30 kg K ha-1 as K2SO4 + 30 kg K 

ha-1 as K-enriched compost), while under SRI, lower level of combined application of organic 

+ inorganic K sources (15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-enriched compost) proved 

most effective. However, maximum response for straw was observed at a lower level of 

combined application of organic + inorganic K sources (each @ 15 kg ha-1) under SRM, but 

at low and high levels of inorganic K under SRI. This implies that SRI was relatively more 

efficient system for more grain yield.  

Moreover, all three genotypes, namely IR-6, Super basmati, and 99509, responded 

more strongly to the combined application of lower level of organic + inorganic K sources, 

each @ 15 kg ha-1 for maximum grain yield under SRI, while two of the three genotypes (IR-

6 and Super basmati) responded to combined application of higher level of organic + 

inorganic K sources (each @ of 30 kg ha-1) under SRM, but 99509 yielded its maximum at 

the lower level of organic + inorganic K sources (each @ of 15 kg K ha-1) under SRM. This 

suggests that 99509 being the most efficient genotype is a low-input responsive cultivar 

particularly suitable for integrated use of K sources under both SRM and SRI systems of 

management. 

On the other hand, IR-6 and 99509 responded to integrated application of a low level 

of organic + inorganic K sources for maximum straw yield under SRM, while the same two 

genotypes responded for maximum straw yield at low and high level of K2SO4 under SRI. 

However, Super basmati responded to a low level of inorganic K under SRM and to the 
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combined application of high level of organic + inorganic K sources under SRI. This may 

imply that genotypes responded differently to the nature and level of K sources for production 

of grain yield vs straw yield. 

These results matched  earlier findings for improving the biomass and yield of various 

crops with the application of nutrient-enriched organic fertilizers (Gill and Meelu, 1982; 

Mandal et al., 1994; Epstein, 1997; Mohammad, 1999; Arshad et al., 2004; Ahmad et al., 

2006; Asghar et al., 2006; Tahir et al., 2006; Linquist et al., 2007; Ahmad et al., 2007; 

Arshad et al., 2007; Singh et al., 2007; Muhammad et al., 2007; Bhattacharyya et al., 2007; 

Ahmad et al., 2008; Iqbal et al., 2008; Bhadoria et al., 2003; Eneji et al., 2001; Yang et al., 

2004; Shu, 2005; Gang et al., 2008; Kumar et al., 1999; Stevenson and Andakani, 1972; 

Baziramakenga and Simard, 2001; Materechera and Salagae, 2002; Martini et al., 2004) 

In the case of inorganic fertilizer application, total biomass, total K uptake, and KUE, 

the parameters of the tested genotypes were almost the same at both 30 and 60 kg K ha-1 

(K2SO4) under SRM, while these parameters were more at 60 kg K ha-1 K2SO4 under SRI as 

compared to 30 kg K ha-1. Similarly, in comparing organic levels, the three parameters (total 

biomass, total K uptake, and KUE) were relatively stronger at 60 kg K ha-1 applied as K-

enriched compost over the lower level (30 kg K ha-1) under SRM, while under SRI both 30 

and 60 kg K ha-1 added as K-enriched compost had similar effects on these parameters. 

Genotype IR-6 was found to be more responsive to 60 kg K ha-1 K2SO4 under SRI and 

equally responsive to both 30 and 60 kg K ha-1 (K2SO4) under SRM. Super basmati was more 

responsive to 60 kg K ha-1 under both SRM and SRI, while 99509 was more responsive to 30 

kg K ha-1 (K2SO4) under SRM and equally responsive to 30 and 60 kg K ha-1 as K-enriched 

compost. These findings may imply that in addition to genotypic variation, the nature of the 

source of the K as well as SRM and SRI systems of management also have some effects on 

the performance of the three genotypes. 

Comparison of the same level of organic vs. inorganic K fertilizer revealed that all the 

three genotypes tested had relatively less total biomass, total K uptake, and KUE in response 

to inorganic K application, both at lower as well at higher levels (30 and 60 kg K ha-1) as 

compared to their respective organic levels under SRM, while an opposite response at both 

levels was observed under SRI. These differences might be due to drastic alterations in soil 

ecology under SRM vs. SRI systems, given differences in soil aeration and soil organic matter 

between the two. 
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 The total K uptake (straw + grain) by rice genotypes was conspicuously increased in 

the case of combined application of organic plus inorganic K application under SRM, while 

this parameter was highest in case of 60 kg K ha-1 (K2SO4) under SRI. Single applications of 

inorganic K as K2SO4 or as K-enriched compost proved inferior in augmenting K uptake 

compared with combined applications (Blake et al., 1999; Eneji et al., 2001; Bhattacharyya et 

al., 2007). This higher K uptake by grain and straw in the case of combined applications of 

organic + inorganic K fertilizer might be due to different amounts of bioavailable K to plants 

as determined by soil texture and mineralization of organic materials (Singh and Goulding, 

1997). Furthermore, due to waterlogging, the amount of water-extractable K increases as a 

result of exchange reactions due to increases in Fe+2, Mn+2 and NH4 (Ponnamperuma, 1972). 

Total K uptake was generally higher at both levels and sources under SRI, while it was higher 

at higher levels of inorganic K only under SRM. Generally, genotypes were more responsive 

to organic source for total K uptake. 

Maximum KUE was observed when K was applied in a combination of organic plus 

inorganic sources under both the SRM and SRI systems. Genotype Super basmati (medium 

K-use efficient) exhibited higher KUE, while the performance of 99509 (high K-use efficient) 

changed to medium KUE under both systems. However, the behavior of IR-6 for KUE 

remained unchanged under both systems. 

Earlier studies have shown that composted organic materials enhance fertilizer use 

efficiency by releasing nutrients slowly and thus reducing the losses of nutrients (Chang and 

Janzen, 1996; Paul and Clark, 1996; Nevens and Reheul, 2003). Contrary to this, Huang and 

Jinn (2001) have reported that the relative nitrogen efficiency of compost made from animal 

wastes was low in comparison to chemical fertilizer. Furthermore, KUE decreased at 60 kg K 

ha-1 as compared to 30 kg K ha-1 (K2SO4) under SRM, while an opposite trend was found in 

SRI, most likely due to differences in soil ecology under both systems. However, KUE at 60 

kg K ha-1 (K-enriched compost) over 30 kg K ha-1 (K-enriched compost) increased under both 

systems, most likely due to slow release of K. 

Similarly, KUE at lower and higher levels of inorganic source decreased as compared 

to their respective organic levels under SRM, while an opposite trend was observed in SRI. It 

is very likely that plant requirements may also vary with change from “continuously flooded” 

to “intermittently flooded” ecology. Generally, KUEs of the three genotypes were relatively 

higher with both organic and inorganic sources of K under SRI and the reverse was true with 

SRM. KUE of IR-6 under SRM was high only at 60 kg K ha-1 (K-enriched compost), while it 
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increased for all levels and sources under SRI. In Super basmati, KUE increased at 60 kg K 

ha-1 (K2SO4 as well K enriched compost) over their respective 30 kg K ha-1 levels under SRM, 

while it increased at all levels and sources under SRI. Genotype 99509 showed decreased 

KUE at all K levels and sources under SRM, while it increased at 60 kg K ha-1 under SRI. 

These responses were governed primarily by the differential KUE of rice genotypes 

(Gorttappech et al., 2000; Satyanarayana et al., 2002; Guar and Geeta, 1993). However, the 

nature of K sources and changes in soil ecology also played some role. Hong and Huo (2004) 

have reported that the decrease in KUE of rice ranged between 22.1 to 45.8% where NPK was 

applied. This also suggests that Super basmati (medium K-use efficient) genotype improved 

its behaviour for KUE under both systems, while genotype 99509 (high K-use efficient) 

reduced its efficiency to medium K-use efficiency under both systems (SRI and SRM). IR-6 

remained consistent (poor) in its KUE behaviour under both systems. Nevertheless, it was 

interesting to note that the KUE as well as the grain yield of all the three genotypes were 

relatively higher under SRI compared to SRM.  

It is very likely that combined application of K2SO4 and K-enriched compost fulfilled 

the plants’ needs more efficiently as both available K (K2SO4) and slowly available K (K-

enriched compost) were being provided by these two sources compared  with application of 

one source alone. Inorganic fertilizer (K2SO4) is known to release nutrients at a faster rate to 

the crop (Kumazawa, 1984). Furthermore, the blend of compost with inorganic fertilizer, 

particularly K2SO4, might have stimulated soil microbes (Sahrawat, 1979), which were 

responsible for carrying out the mineralization process, resulting in better nutrient balance and 

lower level of toxic factors (Sahrawat 1979; Savant and De Datta 1982; Kumar et al., 1999; 

Eneji et al., 2001; Stoop et al., 2002; Martini et al., 2004; Khaliq et al., 2006; Bi et al., 2009) 

and continuing to provide nutrients over a longer period of time (Tester, 1989), being the 

source of slowly available K. Moreover, organic materials contain many essential macro and 

micronutrients (Stevenson and Andakani, 1972; Mohammad 1999, Baziramakenga and 

Simard, 2001; Materechera and Salagae, 2002; Martini et al., 2004). 

The production of organic acids during the decomposition of organic matter resulted 

in the more availability of K (Dhanorkar et al., 1994). This may also have been due to higher 

moisture, narrower C:N, C:P and C:K ratios of composted material, which are conducive to 

releasing the nutrients upon mineralization (Saravanan and Manickam 1993; Chattopadhyay, 

1997; McLaughlin and Champion, 1987). This approach of partly substituting inorganic 
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fertilizers with organic fertilizer has evoked considerable interest worldwide (Mohammad, 

1999). 

The novelty of the work here is that organic material has been applied at a relatively 

low rate, i.e., 300 kg ha-1 as K-enriched compost because earlier researchers have used 

organic material at very high rates, i.e., several tones ha-1 (Cheuk et al., 2003; Wolkowski, 

2003). Moreover, compost enrichment with K has rarely been assessed in the literature. The 

economic analysis indicated that  this technology is highly cost-effective because the raw 

materials are available free of cost and the application of just 300 kg ha-1 is quite feasible for 

farmers to use as soil amendments. Moreover, these soil amendments could reduce to some 

extent dependence on chemical fertilizer in addition to improving soil health, and in this way 

could improve soil nutrients and water conservation. The reduction in huge piling up of 

organic wastes is an extra benefit. As for as we know, this is first study reporting the response 

of differentially K-use efficient rice genotypes to inorganic and/or organic K sources under 

(continuously flooded) (SRM) and intermittently flooded (SRI) soil ecology. 

5.3.1 Comparison of grain and straw yield of the three rice genotypes under SRM vs 

SRI systems 

Maximum grain yield was observed in SRI at integrated application of low levels of 

organic + inorganic K. Similarly, IR-6, Super basmati, and 99509 exhibited the maximum 

grain yield at combined applications of low level of organic + inorganic K sources. 

Furthermore, genotype 99509 was more responsive to 30 kg K ha-1 for more grain yield, 

indicating SRI as a low-input system can give maximum yield compared to higher-input 

production. Previous studies have also reported that SRI is a low-input technology for more 

yield (Moser and Barrett, 2003; Doberman, 2004). Transplanting young seedlings of ≤ 14 

days in the case of SRI usually results in establishment of better root system, which 

ultimately helps in more acquisition of nutrients as well as in more tillering for plants (Figs. 

4.12 and 4.16) as well as in more tolerance of biotic and abiotic stresses. Several researchers 

have also reported similar findings (Chandra and Manna, 1988; Wagh et al., 1988; Kurmi et 

al., 1993; Singh and Singh, 1998; Ashraf et al., 1999; Singh and Singh, 1999; Nandini and 

Singh, 2000; Makarim et al., 2002; Thiyagarajan et al., 2002; Mc Hugh, 2002; Thanunathan 

and Sivasubramanian, 2002; NARC, 2004) most likely due to formation of greater number 

of tillers in SRI compared to SRM. The average number of tillers were higher in Super 

basmati and 99509 in SRI over SRM (Fig. 4.16). Researchers have reported 150 or even 200 

tillers with SRI practices from individual plants, which in turn has resulted in high yields 
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(Stoop et al., 2002). Higher tillers also competed successfully with weeds (Dingkuhn et al., 

1997; Jones et al., 1997), and tillering ability of rice differed between varieties (De Datta, 

1981).  

All three genotypes under SRI showed better growth and yield attributes with water 

applications that were almost half of what is used in conventional systems (SRM) (Table 

4.23). Higher yield with water savings of at least 50% with SRI practices has been reported in 

Madagascar, Bangladesh, India, Sri Lanka and in many other countries (Ramasamy et al., 

1997; Guerra et al., 1998; Fernandes and Uphoff, 2002; Stoop et al., 2002; Namara et al., 

2003; Barrett et al., 2004; Husain et al., 2004; Belder et al., 2004, 2005). Alternate wetting 

and drying have profound effects on oxidation-reduction processes and on organic matter 

decomposition through microbes which may also help in solubilization of phosphates (Singh 

and Singh, 1995; Sahrawat, 1998; Upawansa, 1999; Turner and Haygarth, 2001; Mendoza, 

2004). All such processes favour better plant growth. Although, SRI is relatively more labour 

intensive than SRM (Table 4.23), however, greater paddy yield in case of SRI provides 

excellent incentives and justification for this labour intensive system. Economic analysis 

revealed more than Rs. 90,000 earnings per hectare in all the three genotypes grown under 

SRI system than that grown under SRM. Similar results have been reported by several 

workers (Andrianaivo, 2002; Kandriamiharisoa, 2002; Shengfu et al., 2002; Barison, 2003; 

Anthofer, 2004 and Dung, 2006). 

Roots are integral plant organs involved in acquisition of nutrients and water (Yang 

et al., 2004). Growth and activity of roots are assumed to mutually interact with shoots. The 

tested genotypes included both coarse-grain and fine-grain varieties, and it is interesting to 

note that both performed better under SRI compared to SRM. However, more work is 

needed to further explore the application of SRI in Pakistan. High photosynthetic rates of 

shoots secure high root activity by supplying sufficient amounts of photosynthates to the 

roots. Conversely, high root activity supports a high photosynthetic rate by supplying a 

sufficient amount of nutrients and water to shoots, thus ensuring high productivity (Osaki et 

al., 1997). This in turn supports greater tillering. More tillering provides photosynthates to 

support root growth and contributes to greater grain filling and ultimately higher grain 

yields (Table 4.20a and Fig. 4.12). Moreover, soil organic matter greatly influences root 

development and its proliferation for more nutrient absorption. The application of organic 

manures with alternate wetting and drying in rice increased 30-40% root weight density and 

relative root activity compared to that with continuous flooding of soil (Yang et al., 2004; 

Doberman, 2004). 
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5.4 Comparison of quality characteristics of rice grains grown under the standard 

rice management (SRM) vs system of rice intensification (SRI) protocols 

Grain quality parameters for rice harvested under SRI and SRM management were 

examined in order to assess whether the quality of rice grains would be affected under SRI 

methods compared to those of conventional flooded system (SRM). Currently no information 

is available in the existing literature regarding the quality parameters of rice grain grown 

under this new system (SRI), particularly in the case of differentially K-use efficient rice 

genotypes, including both coarse and fine varieties. In SRI, there is alternate wetting and 

drying before panicle initiation and after that a thin layer of 2 cm is maintained until crop 

maturity.  

All three differentially K-efficient rice genotypes showed similar values with respect 

to quality parameters: milling recovery (%), head rice (%), size and shape of kernel, 

chalkiness, aroma, gelatinization temperature, gel consistency, protein content, amylose 

content, bursting (%) of kernel, elongation ratio, and volume expansion ratio of cooked rice. 

All the quality parameters were very close to the best standard values at varying levels of K 

fertilizer; however, integrated application of organic + inorganic K sources showed more 

positive impact compared to other fertilizer treatments. It was interesting to note that few 

quality parameters like milling (%), heading (%), size and shape, protein content, and bursting 

(%) were a little better at lower levels of organic + inorganic K sources under SRI. This 

suggests that SRI management with its intermittently flooded ecology does not adversely 

affect the quality of rice grains.  

The effects of SRI on grain yield enhancement are well documented but in most of 

cases either coarse or hybrid varieties have been used. Little or no work has been conducted 

on fine varieties under SRI system of management. In the present study, three genotypes, IR-6 

(coarse variety), Super basmati (fine variety), and 99509 (medium fine), were cultivated under 

SRI in order to examine their growth, yield and quality parameters in comparison to the  same 

varieties grown under SRM. The analysis of results revealed that most of the quality 

parameters for coarse, medium and fine genotypes remained unaffected when grown under 

SRI compared to SRM. This suggests that SRI does not effect quality negatively, so the 

system could be adapted in Pakistan without reservations about loss of grain quality, 



 148

important to meet consumer demand and preserve export markets. The economic benefits 

seen from seed and water saving with SRI management should make it attractive to most 

farmers. 
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CHAPTER - 6 

SUMMARY 

Nutrient deficiencies, particularly of K, have become a limiting soil nutritional factor 

for increasing crop yield throughout the world. Selection of genotypes that are efficient in 

nutrient uptake and nutrient use is considered as one of the most effective strategies toward 

low-input sustainable agriculture. For this purpose, 26 rice genotypes were screened for their 

differential K-use efficiency (KUE) and their response under deficient and adequate K levels 

in hydroponic solution culture. Among the three rice genotypes selected for further evaluation 

were varieties with low, medium and high KUE In subsequent pot and field studies, the 

growth and yield attributes and consistency in their behavior for KUE were determined using 

different levels, kinds and combinations of organic and /or inorganic K sources. The major 

findings of these studies are as follow: 

 Rice genotypes greatly varied in their KUE. K deficiency reduced the biomass production, 

K uptake, and KUE of rice genotypes; however, root-shoot ratio was increased. Changes 

in growth attributes indicated differential adaptation of rice genotypes under both deficient 

and adequate levels. Thus, this genotypic variation could be used for future breeding 

programs. 

 K-efficient and K-inefficient genotypes were identified on the basis of their growth 

responses under K-deficient supply. Genotypes having higher growth at deficient K 

supply were accepted as K-efficient. 

 The correlation analysis showed that the K-efficient genotypes had strong relation with 

their K uptake under deficient K condition. 

 Genotypes were classified into 5 categories on the basis of their KUE and shoot dry 

matter. Three genotypes including high efficient-medium responsive (99509), medium 

efficient-medium responsive (Super basmati), and non-efficient-non-responsive (IR-6) 

varieties were selected for subsequent trials. 

 The results of pot trials in which the three selected rice genotypes were exposed to various 

levels of K (K2SO4) revealed that a rate of 60 kg K ha-1 was the best for maximizing 

growth and yield attributes in all three rice genotypes. 

 The behaviour of all three genotypes with low, medium and high KUE remained similar to 

that noted under the hydroponics trials, i.e., 99509 remained highly K-use efficient; 
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however, Super basmati which was medium in KUE was comparable in grain yield and 

KUE to 99509, while the performance of IR-6 remained relatively poor both in growth 

and yield attributes as well in KUE. 

 Doses of 70, 63 and 62 kg K ha-1 were predicted by quadratic model to be optimal for IR-

6, Super basmati, and 99509, respectively, keeping in view their cumulative effects. Thus, 

a dose of 60 kg K ha-1 was selected for succeeding field trials. 

 Field trials were conducted by using continuously flooded (SRM) and intermittently 

flooded (SRI) field conditions, and under these two systems, the three selected rice 

genotypes were exposed to inorganic and organic K sources applied alone or in 

combination. Results revealed that maximum response in terms of growth and yield 

attributes was found at integrated application of 30 kg K ha-1 as K2SO4 + 30 kg K ha-1 as 

K-enriched compost under the standard rice management (SRM), while 15 kg K ha-1 as 

K2SO4 + 15 kg K ha-1 as K-enriched compost proved best under the system of rice 

intensification (SRI). 

 Super basmati gave the maximum grain yield (7.03 Mg ha-1) under SRM, while 99509 

yielded 7.91 Mg ha-1 under SRI, both at integrated application of 15 kg K ha-1 as K2SO4 + 

15 kg K ha-1 as K-enriched compost.  

 Maximum straw yield (9.04 Mg ha-1) was observed in case of 99509 in response to 

integrated application of 15 kg K ha-1 as K2SO4 + 15 kg K ha-1 as K-enriched compost 

under SRM, while Super basmati yielded 7.93 Mg ha-1 straw at integrated application 30 

kg K ha-1 as K2SO4 + 30 kg K ha-1 as K-enriched compost. 

 Medium K-use efficient (Super basmati) performed as higher K-use efficient, while high 

K-use efficient (99509) performed as medium K-use efficient under both SRI and SRM 

conditions. IR-6 relatively remained poor in growth, yield and KUE under both systems. 

 Maximum total K uptake (158 kg ha-1) by Super basmati was found at integrated 

application of organic + inorganic K source (each at 30 kg K ha-1) under SRM, while 172 

kg ha-1 in 99509 was recorded at 60 kg K ha-1 applied as K-enriched compost under SRI. 

 Most of growth, yield and physiological parameters as well as genotypes were found more 

responsive to 60 kg K ha-1 as compared to 30 kg K ha-1 applied either as organic or 

inorganic K. 

 Increases in grain yield of 35% in IR-6, 19% in Super basmati, and 19% in 99509 were 

found when these varieties were grown under SRI compared to SRM. 
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 Increases in straw yield of 30.3% in the case of 99509, 24.2% in Super basmati, and 8.0% 

in IR-6 were found under SRM compared to SRI. 

 A 46.8% saving of water was found when growing rice under SRI as compared to that 

under SRM. 

 While comparing the quality of kernels between SRI and SRM systems under varying 

levels of organic and/or inorganic K sources, it was found that SRI did not affect quality 

of rice grains regarding size, shape of kernel, chalkiness, aroma, gelatinization 

temperature, gel consistency, protein content, amylose content, bursting (%), kernel 

elongation ratio, and volume expansion ratio of cooked rice. 

 It was concluded that SRI is a viable approach for growing rice with substantial saving of 

water without compromising yield and quality of the rice grains, and with substantial 

economic advantage for farmers. 
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CONCLUDING REMARKS 

The results of this dissertation clearly demonstrated the importance of adequate potassium (K) 

nutrition coupled with integrated application of organic plus inorganic K sources as well as 

the relatively new practices of rice growing (SRI) with almost 50% saving of water compared 

to the conventional rice management systems (SRM) without compromising growth, yield 

and quality of coarse and fine rice genotypes. The economic benefits need also to be 

considered and these affect the well-being of the farming community. 

 This becomes very important for a country like Pakistan where rice stands as the most 

important cash crop supporting the national economy. In view of the rapidly decreasing K 

status of Pakistani soils, coupled with the ever-increasing cost of K fertilizers as well as the 

increasing scarcity of water throughout the world for growing more food to feed this 

augmented population, the use of low-cost K-enriched organic fertilizer in integration with the 

K-use efficient genotypes as well as the system of rice intensification (SRI) practices could be 

a very promising strategy for low-input sustainable rice production.  

 The conversion of organic wastes into value-added K-enriched organic fertilizer could 

not only support plant nutrition, in integration with chemical fertilizer, but also can improve 

soil structure, functioning and health. As elucidated from these studies, such value-added 

fertilizer products work at relatively low application rates (300 kg ha-1) as well as promote 

water use efficiency, by enhancing soil water absorption and retention.   

 These measures are practicable and environment-friendly, compared with the 

conventional application of organic materials which must be applied in tones ha-1. SRI which 

was developed in the Madagascar rice environment two decades ago is not only a low-input 

technology with economic advantages but it is adaptable to soils of Pakistan. This approach 

could help not only in increasing rice yield but also could improve the health of our soil and 

conserve fresh water, our most precious natural resources. 
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