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1. INTRODUCTION

Rice (Oryza sativa L ) is the most essential cereal food crop and feeds 

more than half of the world's population The slogan “Rice is life” is most 

suitable for India, as nee plays a major role in our national food security The 

area under nee cultivation in India is 42 4 million hectares with a production of 

104 3 million tonnes and a productivity of 2 46 tonnes per hectare (GOK, 2015) 

In 2050, there is an urgent need to raise the nee production to 137 3 million 

tonnes to feed the population of 1824 million people in India

With respect to Kerala, the nee production was 6 89 lakh tonnes from an 

area of 3 11 lakh hectares dunng 2002-03 and after 10 years (2012-13) the 

production declined to 5 08 lakh tonnes from an area of 1 97 lakh hectares (GOK, 

2015) The state has witnessed 35 per cent reduction m lowland nee area and 28 

per cent reduction m production during the last ten years It is observed that the 

present production of nee is only less than one fourth of requirement of 40 lakh 

tonnes The drastic reduction m nee production is mainly attnbutable to decrease 

in area under rice cultivation, conversion of wetlands to non agncultural purposes 

like industrial and infrastructure development, replacement with other cash crops 

like rubber, pepper and cardamom, shortage of labour, high wage rate and non 

remunerative pnees The scope for expansion of area under sole crop of nee is 

limited In this context, the best alternative is to mcrease cultivation of upland 

nee Upland nee can be grown m backyards of homesteads, as an intercrop in 

coconut gardens, as an intercrop in pulses, oilseeds, vegetables and even m grow 

bags m terrace gardens

Upland nee is grown in about 13 per cent of the area under rice in India, 

but contributes to only 4 per cent of the nee production In Kerala, upland rice is 

cultivated in 0 11 million hectares and constitutes about 13 4 % of total nee area 

(Singh et a l , 2011) The present level of productivity of upland nee in Kerala is 

less than 1 1 h a 1 The major constraints m upland nee are moisture stress, nutnent
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imbalance, high weed infestation and poor soil fertility High productivity can be 

achieved through proper nutrient management practices

Nutrient management is one of the important factors which influence 

upland nee production Studies on nutrient management on upland rice indicated 

that it will respond to higher levels of nitrogen and potassium Nitrogen is one of 

the most important essential nutrients for plant growth and development of nee 

Nitrogen is a major constituent of ammo acids, enzymes, etc and plays a vital role 

m many plant functions (such as photosynthesis) It increases plant biomass and 

yield through efficient use of water An incremental dose of nitrogen tends to 

increase the yield of cereals (Khan et a l , 1994) In nee, potassium is the second 

important nutnent after nitrogen and K uptake was comparatively higher than N 

uptake in nee Potassium promotes growth, yield attnbutes, yield, mcreases 

resistance to pests, regulates water utilization by plant and strengthens plant 

tissues Potassium mcreases strength of nee stalk and thus prevents lodging and 

stenlity

The excessive use of chemical fertilizers has not only polluted the soil, 

water and environment but also affected the life of human beings Thus, m 

present day agnculture the importance of organic manures is increasing, because 

it plays a vital role m improving and maintaining good soil fertility So, to 

stimulate sustainability for long term basis measures have to be adopted 

Integrated use of organic manures and chemical fertilizer would quiet promising 

not only in providing greater stability m production, but also maintaining higher 

soil fertility status Here comes the significance of combined use of organic 

manures and chemical fertilizer m a sustained way INM is the adoption of 

appropriate and managenally efficient technologies for the judicious use of plant 

nutrients m an integrated manner so as to attain optimum economic yield from a 

specific cropping system (Sarkar, 2000) It can be applied by organic, morganic 

and biological sources m an mtegrated manner to maintain sustainable production 

Organic manure application mcreases the water holding capacity, lowers bulk 

density and increases the infiltration rate (Sharma and Sharma, 1994)
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FYM is one of the commonly available organic manures with a nutrient 

content of 0 5 0 2 0 3 per cent NPK respectively It improves the physical 

properties of soil especially the structure, aggregation, water holding capacity, 

porosity, cation exchange capacity and enhances enzymatic activities and 

influences the yield of crops

The suitable combination of organic and inorganic nutrient sources were 

found to increase the growth and yield attributes of nee (Maragatham, 1996, 

Battacharya and Nam, 2001) There is a possibility of mcreasing upland nee 

production by mcreasing N and K levels with different levels of FYM 

substitution Hence the present study entitled “Performance of upland rice (Oryza 

sativa L ) as influenced by NK levels and FYM substitution” was undertaken with 

the objectives of studying the influence of different levels of N and K on growth 

and yield of upland nee, to assess the possibility of substitution of inorganic N by 

FYM and to work out the economics of cultivation
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2. REVIEW OF LITERATURE

Upland nee can be grown under aerobic conditions as any other crop and 

moisture has to be maintained at field capacity unlike lowland nee It is reported 

to have high water productivity, drought and shade tolerance The present level of 

productivity of upland rice m Kerala is less than 1 t h a 1 The major constraints in 

upland rice cultivation are water stress, nutrient imbalance, high weed infestation 

and poor soil fertility Integrated use of inorganic and organic source of nutnents 

has a tremendous potential in not only sustaining agricultural productivity and soil 

health but also substituting a part of fertilizer requirement by orgamcs for 

different crops and cropping system The relevant literature on the effect of N, K 

and FYM on growth characters, yield attributes, yield, nutrient uptake, 

physiological parameters and soil properties are reviewed m this chapter

2 1 INFLUENCE OF NUTRIENTS

2.1.1. Growth Characters

2.L1.1. Nitrogen

Thomas (2000) noted that plant height increased with incremental doses of

nitrogen Mini (2005) observed that plant height m nee was favourably

influenced by N upto 100 kg h a 1 In upland basmati rice, the plant height

increased significantly with mcreasing levels of nitrogen upto 120 kg ha 1 (Sharma
i

et al, 2007) The tallest plants were observed in plots applied with 100 kg N ha 

(Islam et a l , 2008) Maheswan et al (2008) obtained the maximum plant height 

(91 cm) at 175 kg N h a 1 m aerobic rice, which was significantly higher than lower 

levels of 150, 125 and 100 kg N h a 1 respectively Kumar and Shivay (2009) 

found that increase in levels of N positively influenced the plant height and N 

applied at 150 kg h a 1 produced the tallest plant Kumar et al (2014) observed 

that 150 kg N h a 1 was found better m obtaining tallest plant different nee 

genotypes and above this, it did not increase significantly Rao et al (2014)
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opined that plant height increased progressively with incremental levels of N upto 

120 kg N h a 1 Application of 150 kg N h a 1 produced the tallest plants in nee 

(Ajaykumar, 2015)

Anu (2001) stated that tiller number increased with incremental dose of N 

upto 80 kg h a 1 In upland nee, the maximum tiller production was obtained by 

nitrogen applied at 90 kg ha 1 (Ranjmi, 2002) Kumar and Shivay (2009) opmed 

that N applied at 150 kg h a 1 produced more number of tillers Similarly, higher 

number of tillers was obtamed at higher levels of nitrogen upto 100 kg ha'1 

(Mannan et al 2012) Pramamk and Bera (2013) reported that N applied at 200 

kg ha'1 recorded the maximum tiller numbers h ill1 m rice Rao et al (2014) stated 

that the highest tiller numbers m 2 was obtamed by addition of 120 kg N h a 1

Mini (2005) obtamed maximum LAI at 100 kg N ha 1 Mhaskar et al 

(2006) reported higher leaf area and LAI throughout the growth penod were 

noticed at 120 kg N h a 1 Higher levels of nitrogen significantly increased the 

LAI values upto 175 kg N h a 1 (Maheswan et a l , 2008) At all the growth stages 

of rice, a fertilizer level of 150 kg N h a 1 recorded the highest LAI (Kumar and

Shivay, 2009) Akanda et al (2012) observed the highest leaf area at 75 kg N ha
i

Ranjini (2002) found that upto 90 kg N h a 1 there was an mcrease m DMP 

of upland rice Saito et al (2006) observed that 90 kg N h a 1 was found better m 

obtaming higher dry matter production of 7 9 t h a 1 Maheswan et al (2008) 

obtained the maximum dry matter production (1538 t h a 1) at 175 kg N h a 1 

Kumar and Shivay (2009) obtamed the highest DMP of nee by addition of N at 

150 kg h a 1 Luka et al (2013) obtamed higher DMP m nee at fertilizer level of 

Ngs Due to beneficial effect of vegetative growth, there was accumulation of dry 

matter at all the stages with mcrease m N level upto 100 kg ha 1 (Seema et a l, 

2014)
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2.1.1.2. Potassium

Potassium is a macronutrient involved in many plant processes critical for 

optimum growth, yield and quality of crops. K plays a wide range of functions 

like enzyme activation, photosynthesis, protein synthesis and osmotic potential. 

Potassium is involved in sugar translocation and helps to resist drought, lodging 

and pest and disease incidence. It helps in minimizing the losses of applied 

nutrients and increases the availability throughout the growth period thereby 

results in the higher yield of rice.

Mini (2005) found that application of potassium at 50 kg ha' 1 produced the 

tallest plant at harvest. Surendran (2005) opined addition of potassium @ 50 kg 

ha"1 recorded the tallest plant of 95.5 cm. Fertilizer level of 25 kg K2O ha' 1 

produced the tallest plant in rice (Akanda et al., 2012). Dutta et al. (2013) 

suggested that plant height increased with incremental doses of potassium and 

maximum height was recorded at 50 kg K2O ha'1. Similarly, Uddin et al. (2013) 

reported that taller plants were obtained by the application of 60 kg K2O ha'1. 

Potassium provided @ 50 kg ha' 1 produced the tallest plants in rice (Ajaykumar, 

2015).

Thakur et al. (1993) opined that total number of tillers m' was increased 

with increase in the K level up to 6 6  kg K2O ha'1. Application of potassium at 45 

kg ha' 1 produced the highest number of tillers (Thomas, 2000; Anu, 2001; Ranjini, 

2002). Meena et al. (2003) recorded higher tiller number at 62.5 kg K2O ha"1. 

Manzoor et al. (2008) found that the maximum number of tillers m ' 2 (2 0 .2 2 ) was 

obtained by potassium applied at 62 kg ha'1. Nath (2012) stated that applied 

potassium fertilizer at 72 kg ha' 1 produced higher tiller number closely followed 

by 54 and 90 kg K2O ha' 1 respectively. The maximum tiller number was produced 

at 50 kg K2O ha' 1 (Ajaykumar, 2015).

Mini (2005) obtained the highest LAI at 75 kg K2O ha'1. Mukheijee and 

Sen (2005) stated that the application of potassium significantly increased the leaf
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area index. The highest leaf area was obtained at 35 kg K2O ha (Akanda et al., 

2012). Ajaykumar (2015) reported that application of 50 kg K20  ha' 1 produced 

the highest LAI in rice.

Kale and Chavan (1998) reported that application of potassium at 50 kg 

ha' 1 increased the dry matter of rice. The DMP in upland rice increases with 

increased levels of K upto 45 kg ha' 1 (Thomas, 2000; Anu, 2001; Ranjini, 2002). 

Meena et al. (2003) obtained highest dry matter accumulation at 62.5 kg K20  ha'1. 

Ajaykumar (2015) reported maximum DMP at 50 kg K20  ha"1 in rice.

2.1.L3. FYM

FYM is traditionally applied to rice soils in order to maintain the soil 

organic matter, plant nutrients status and improve the physical, chemical and 

biological soil properties that directly or indirectly affect soil fertility and 

productivity. Apart from these, enzymatic activities that encourage root 

development and rice yield were enhanced. Increased availability and uptake of 

micronutrients due to application of organic manure favourably influenced 

growth, yield attributes and yield (Bhattacharya and Chakraborty, 2005).

Ramasamy (1990) found that FYM increased plant height, LAI and DMP 

over other organic sources. Tripathi et al. (1990) reported that increasing dose of 

FYM from upto 20 tonnes from 5 tonnes, increased dry matter production of rice 

at various stages. However, maximum DMP was produced by FYM applied at 15 

t ha'1. Rajput and Warsi (1991) stated that application of FYM or straw with and 

without inorganic N significantly increased tillers per hill. Sharma (1992) 

reported that FYM applied at 10 t ha_1produced tallest plant, highest tiller number 

m' and dry matter production of rice.

Bhattacharya et al. (2003) found FYM application @ 9 tonnes per hectare 

produced tallest plants and highest DMP at 7.0 t FYM ha'1. Similarly, Rao et al.

(2004) suggested that plant height and dry matter production increased with FYM

-1
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application which increases the soil organic carbon, holds more moisture in soil 

and creates suitable condition for better root growth and proliferation enabling 

extraction of nutrients from larger profile area. Vennila et al (2007) found that 

growth factors increased significantly due to application of FYM. The tallest 

plant and maximum dry matter accumulation in rice were obtained by FYM 

incorporation at 20 tonnes per hectare (Shekara, 2010). Panigrahi et al. (2014) 

concluded that rice supplied with FYM at 15 t ha"1 produced taller plants at 

harvest with more tillers and greater LAI compared to inorganic fertilizers. 

Pradhan and Moharana (2015) found that organic nutrient management expressed 

significant effect on dry matter accumulation. In Kharif season, application of 

Dhanicha + FYM + vermicompost produced highest dry matter accumulation and 

in summer FYM + vermicompost recorded the maximum DMP.

2.1.1.4. Combined Effects o f Nitrogen and Potassium

In upland rice, the highest values of growth characters were produced by 

application of 60:45 kg ha"1 of NK compared to lower levels of NK levels 

(Thomas, 2000). Ranjini (2002) observed that growth characters were notably 

increased with increasing levels of NK upto 90:45 kg ha"1 than lower levels. Mini

(2005) concluded that significant increase in growth characters of upland rice 

were obtained by fertilizer level of Nioo K50. Bahmanyar and Mashaee (2010) 

reported that the tallest plant was recorded by combined application of NK at 23 

and 30 kg ha'1. Addition of 30 kg potassium in conjunction with 23 kg nitrogen 

positively influenced the plant height of rice (Kumar et a l, 2013). In dry direct 

seeded rice the tallest plants were produced by combination of N60 K 50 (Uddin et 

a l, 2013).

Bahmanyar and Mashaee (2010) obtained more tillers due to application of 

NK level at 46:30 kg ha' 1 compared to lower NK levels. In aerobic rice, NK level 

of 240:50 kg ha"1 recorded maximum tiller number (Reddy et a l, 2012). The 

combined application of nitrogen and potassium at 80 and 2 0  kg ha' 1 produced the 

highest number of total tillers (164.67), which was found statistically identical to
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those produced total tillers at NK level of 60:40 kg ha'1 (Uddin et a l, 2013). 

Pramanik and Bera (2013) opined maximum tillers were produced at NK levels at 

200 and 60 kg ha"1. Addition of NK level of 120:60 kg ha'1 produced the 

maximum tiller number (Rao et al., 2014).

Mini (2005) recorded maximum LAI due to rice crop supplied with 100 kg 

N ha'1 and 75 kg K2O ha"1. Maheshwari et al. (2008) obtained higher LAI at N 

and K applied at 175 kg ha'1 and 50 kg ha'1 respectively for aerobic rice. Luka et 

al. (2013) recorded maximum LAI at 130 kg N ha'1 and 50 kg K2O ha'1. 

Ajaykumar (2015) reported maximum LAI was recorded by united application of 

N and K at 150 kg ha'1 and 50 kg ha"1 in rice.

Ranijini (2002) obtained maximum DMP at NK applied at 90 and 45 kg 

K2O ha'1 respectively. Mini (2005) obtained highest DMP at N and K applied at 

100 and 50 kg ha'1 in upland rice. The maximum DMP was produced by 

combined application of N and K at 130 kg ha'1 and 50 kg ha'1 (Luka et a l, 2013). 

Seema (2014) reported maximum DMP at 125 kg N ha"1 and 40 kg K2O ha'1 in 

aerobic rice. Ajaykumar (2015) revealed that higher NK rates of 150:50 kg ha'1 

produced higher DMP at different growth stages in rice.

2.1.1.5. Combined Effects o f  Nitrogen, Potassium and FYM

Ranjini (2002) reported that 60 kg N ha'1 with 25 per cent as FYM and 30 

kg K2O ha'1 produced the tallest plants in upland rice. In rainy season rice, 

addition of 75 and 37.5 kg NK ha'1 with FYM incorporation at 5 tonnes produced 

the tallest plants (Maiti et a l, 2006). Application of 150 kg N ha'1 with 25 per 

cent substituted as FYM and 60 kg K2O produced the tallest plant (113.73 cm) 

and was on par with fertilizer level of NK at 150 and 60 kg ha'1 (Kumar et al, 

2014). The effect of INM practices on plant height at harvest revealed that FYM 

application @ 5 tonnes in addition to NK rates of 150:40 kg ha'1 had registered 

taller plants over the other treatments (Revathi et al, 2014).
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Ranjini (2002) reported maximum tiller number for 60 kg N applied as 30 

kg chemical fertilizer and 30 kg as FYM and 30 kg K2O together with FYM at 5 

tonnes per hectare. Dutta and Yhome (2014) reported that application of NK at 

60 kg N ha' 1 and 40 kg K2O ha' 1 along with 10 t FYM ha' 1 produced the 

maximum number of tillers. Sekhar et al. (2014) opined that integration of 

nutrients at 125 kg N ha' 1 with 20 per cent substituted as FYM and 40 kg K2O ha' 1 

recorded the highest tiller number hill' 1 in rice.

Maiti et al. (2006) found that in rainy season rice, maximum leaf-area 

index of 5.13 was obtained when the crop received N75 K37.5 along with 5 tonnes 

FYM. Fertilizer level of N:K at 120:60 kg ha' 1 produced maximum LAI and was 

on par with N:K at 120:60 kg ha' 1 with 25 per cent N substituted as FYM (Aruna 

et al, 2012). Sunil and Shankaralingappa (2014) opined that combination of N50 

K50 + FYM (101 ha'1) + Biofertilizers + FeSCU -f IWM practices recorded highest 

leaf area index at 90 DAS in aerobic rice.

Senthivelu et al. (2009) stated that application of FYM at 12.5 t ha' 1 in 

addition with 150:50 kg ha' 1 of NK recorded higher dry matter production at 

harvest compared to chemical fertilizers alone. Siddaram et al. (2011) found that 

integrated use of 100: 50 kg NK as chemical fertilizer along with 101 of FYM ha' 1 

recorded the highest DMP in rice. Revathi et al. (2014) observed that among the 

INM practices, united application of FYM at 5 tonnes along with 150:40 kg NK 

ha"1 has recorded the higher DMP. NK fertilizer at 125:40 kg ha' 1 with 25 per 

cent N substituted as FYM produced higher dry matter production of rice (Sekhar 

et a l, 2014).

2.1.2. Yield and Yield Attributes

2.1.2.1. Nitrogen

Thomas (2000) reported that rice crop supplied with N at 60 kg ha' 1 

produced the highest productive tiller number hill'1. Addition of N at 120 kg ha' 1 

produced the highest number of effective tillers m ' 2 (Sharma et a l, 2007).
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Maheshwari et al. (2008) noticed highest number of productive tillers of aerobic 

rice was recorded with N supplied at 175 kg ha"1 than N at 150, 125 and 100 kg 

ha'1. Kumar and Shivay (2009) found that number of productive tillers of rice 

influenced by increasing levels of nitrogen. Similiar findings were reported by 

Onaga et al. (2012), Pasha et al (2013) and Reddy et al. (2012). Pramanik and 

Bera (2013) found that increasing level of nitrogen application upto 150 kg ha'1 

gradually increased the number of effective tillers hill'1. Upto nitrogen level at 

120 kg ha'1 there was substantial increment in productive tillers in rice (Ali et al, 

2014).

Anu (2001) obtained the longest panicle in upland rice at nitrogen applied 

at 80 kg ha'1. In rice, length of panicle was positively influenced by nitrogen 

application and the longest panicle was obtained by application of 150 kg N ha'1 

(Islam et a l, 2008). Pasha et al. (2012) reported that application of nitrogen at 

180 kg ha"1 produced longest panicle compared with lower dose of nitrogen in 

aerobic rice. Sharma et al. (2014) stated that addition of 40 to 160 kg N ha"1 

produced considerably similar panicle length and all were significantly superior 

over control.

Sharma et al. (2007) obtained the maximum number of grains per panicle 

at N level of 120 kg ha'1 which was compared to lower levels of N at 80 and 40 kg 

ha'1. N level of 175 kg ha'1 produced the maximum grains per panicle 

(Maheswari et a l, 2008). Devi et al. (2012) revealed that the higher number of 

grains per panicle was obtained by N @ 150 kg ha'1 comparable to 125 kg N ha'1 

under aerobic condition. Onaga et al. (2012) opined that the highest number of
9 Tspikelets m' was recorded at 120 kg N ha' and which contributes to the increased 

grain yield of rice.

Lawal and Lawal (2002) reported the maximum percent filled grains at 80 

kg N ha"1. The highest number of filled grains panicle"1 of rice was obtained by 

nitrogen supplied at 100 kg ha"1 (Kumar and Shivay, 2009). According to 

Pramanik and Bera (2013), the highest number of filled grains panicle'1 was
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obtained at 150 kg N ha'1 and was followed by 200 kg N ha'1. Sandyarani et al. 

(2013) opined that N at 240 kg ha'1 produced more number of filled grains per 

panicle and was higher than lower levels.

Devi et al (2012) reported the maximum thousand grain weight by N 

applied at 150 kg ha'1. The highest test weight was obtained by application of 

nitrogen at 120 kg ha'1 compared to lower levels (Onaga et a l, 2012). The 

maximum test weight of rice grain was recorded with 240 kg N ha'1 was 

considerably higher than 120 kg N ha'1 (Reddy et a l, 2012). The nitrogen level of 

150 kg N ha"1 registered the highest test weight as compared to other nitrogen 

levels (Pramanik and Bera, 2013).

N level of 125 kg ha"1 gave highest grain yield compared to N applied at 

100 kg ha'1 (Sudhakar et a l, 2003). Maheswari et al (2008) revealed that N 

applied at 150 kg ha'1 gave the maximum productivity compared to lower levels 

under aerobic rice cultivation. Application of nitrogen at 40 kg ha'1 gave 66.18 

and 71.63% increase in grain yield over control without nitrogen (Singh and 

Tripathi, 2007). The maximum grain yield of rice was produced by N applied at 

100 kg ha'1 (Kumar and Shivay, 2009). Under aerobic condition, scented rice 

recorded the highest grain yield of 1636 kg ha'1 at 150 kg N ha"1 compared to 100 

and 125 kg N ha'1 (Devi et al, 2012). Application of 120 kg N ha'1 recorded the 

highest grain yield in upland rice of 4842 kg ha'1 (Onaga et a l, 2012). According 

to Pasha et al. (2012), N level of 180 kg ha'1 recorded the highest grain yield 

compared to lower levels of 120 and 150 kg N ha'1. Reddy et al. (2012) stated 

that application of nitrogen at 240 kg ha"1 recorded the maximum grain yield of 

rice which was considerably higher than other the lower levels of 180 and 120 N 

kg ha'1. Seema et al. (2014) reported the addition of 100 kg N ha.'1 produced 

more grain yield under direct seeded aerobic rice. Application of 120 kg N ha'1 

gave the highest grain yield in rice as observed by Rao et a l (2014). Sharma et 

al. (2014) reported higher grain yield at 160 kg N ha"1 compared to lower N 

levels.
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Prasad et a l (2003) stated that highest straw yield was obtained by 

nitrogen supplied at 80 kg ha"1 compared to lower doses of 40 and 60 kg N ha"1. 

Sharma et al (2007) obtained remarkable increase in straw yield with N 120 kg
1 1  -1ha produced 3.45 t ha". The highest straw yield (6.23 t ha ) was observed in

-l ,
application of nitrogen at 150 kg ha . Upto 75 kg N ha' there was substantial 

increase in straw yield (Mannan et al, 2010). Nitrogen applied at 240 kg ha'1 

produced the highest straw yield and was significantly superior to 180 and 120 kg 

N ha'1 (Reddy et al 2012). Similarly, the maximum straw yield (4.20 t ha'1) was 

obtained by nitrogen applied at 240 kg ha'1 which was on par with 180 kg N ha" 

^Sandyarani et a l, 2013). The maximum straw yield was recorded at 150 kg N 

ha'1 (Singh et al, 2014). At N rates of 200 kg ha'1 obtained the maximum straw

yield of 6.121 ha (Chamely et a l, 2015).

Kumar and Shivay (2009) found an increase in HI was obtained at higher 

levels of N upto 100 kg ha"1 and followed by N applied at 150 kg ha'1. The 

highest harvest index was registered by addition of N at 150 kg ha'1 (Pramanik 

and Bera, 2013). The highest harvest index was recorded by the application of 

100 kg N ha"1 (Singh et al, 2014). Chamely et a l, (2015) obtained the highest

harvest index at 200 kg N ha .

2.L2.2. Potassium

Mehla (1995) reported that when more potassium fertilizer was applied in 

rice increased the number of panicles m"2. Surendran (2005) revealed that number 

of productive tillers of rice were higher in the plots which received 50 kg K2O ha"

1. Kandil et al (2010) opined that increasing potassium rates upto 48 kg ha"1 

increased the panicle numbers m" and highest number of panicle m" was
1 'Jproduced by K applied at 48 kg ha' . Significant increase in panicles m was 

recorded upto K level of 37.5 kg ha'1 (Dutta et a l, 2013).
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Surendran (2005) noticed the longest panicle of rice at 50 kg K20  ha'1. 

Similarly, the highest panicle length was observed in plot receiving 72 kg K20  ha'

1 (Nath, 2012). Uddin et al (2013) recorded the longest panicle at 60 kg K20  ha'1. 

The longest panicles were recorded by 30 kg K20  ha''(Tasnin, 2014).

The maximum grains per panicle were observed by application of 62.5 kg 

K20  ha'1 (Awan et a l, 2007). Higher number of grains per panicle in rice plant 

was obtained with potassium at 62 kg ha'1 (Manzoor et al., 2008). Nath (2012) 

reported that application of 72 kg K20  ha'1 produced that the highest grains per 

panicle of 130. Dutta et al., (2013) obtained significant increase in grains panicle' 

1 upto K applied at 37.5 Kg ha'1. Uddin et al. (2013) opined that application of 

potassium @ 40 kg ha'1 resulted in the highest grains panicle'1 (127.99) and 

closely followed by potassium applied @ 60 kg ha"1.

Surendran (2005) concluded that the maximum number of filled grains per 

panicle of rice was obtained by potassium applied at 50 kg ha'1. Increasing 

potassium levels upto 48 kg K20  ha'1 significantly raised the filled grains panicle' 

1 (Kandil et al, 2010). The highest grains panicle'1 was obtained at 40 kg K20  ha'1 

and was statistically on par with 60 kg K20  ha'1 (Uddin et a l, 2013).

Arivazhagan and Ravichandran (2005) reported that application of 75 kg 

K20  ha'1 recorded the maximum 1000 grain weight in rice. Nath (2012) found 

that the application of potassium at 72 kg ha'1 produced the maximum 1000-grain 

weight. Dutta et a l (2013) suggested that increasing levels of K, increased the 

1000 grain weight of rice and the maximum test weight was obtained at K applied 

at 37.5 kg ha'1. The maximum 1000 grain weight was obtained by potassium 

applied at 20 kg ha'1 (Tasnin, 2014).

Kaliha et al. (1995) found that increase in panicle number and filler grains 

per panicle which contributes to higher grain yield of rice due to potassium 

applied at 40 kg ha'1. Pillai and Anasuya (1997) noticed that grain yield increased 

with increasing K rates upto 75 kg ha'1, above which yield increase was
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negligible. Dwivedi et al (2006) observed that potassium applied at 80 kg K2O 

ha'1 produced the higher grain yield in rice. Maximum grain yield of 4.73 t ha'1 

was obtained at 62.5 kg K20  ha'1 (Awan et a l, 2007). The maximum yield was 

observed at 180 kg K20  ha'1 (Pattanayak et al, 2008). Akanda et al. (2012)
-l

showed the highest grain yield at 25 kg K20  ha . A jump in grain yield increase 

of 62% over control was noticed with potassium applied at 75 kg ha'1 and further 

increase in K decreased the yield (Uddin et al, 2012). Significant response of 

grain yield was observed upto K applied at 37.5 kg ha'1 (Dutta et a l, 2013).

Zayed et al (2007) showed that increasing potassium rate from 0 to 72 kg

K20  ha'1 significantly increased straw yield. Bachkaiya et al (2008) found that

application of potassium enhanced the straw yield of rice. Kandil et al (2010)

opined that potassium fertilization significantly increased the straw yield and the

highest straw yield was recorded by K applied at 48 kg ha'1. The highest straw
-1

yield was observed in potassium applied at 35 kg ha (Akanda et a l, 2012). Dutta 

et al. (2013) found significant response of straw yield to K application upto 37.5 

kg ha'1. Tasnin (2014) observed that application of potassium at 30 kg ha'1 gave 

the highest straw yield of 6.461 ha'1.

Mini (2005) obtained the highest HI at K applied at 90 kg ha'1. Jalali- 

Moridani and Amiri (2014) reported that the maximum HI at 150 kg K20  ha'1. 

The maximum HI was obtained by potassium supplied at 50 kg ha'1 in rice 

(Ajaykumar, 2015).

2.L2.3. FYM

The number of panicle m'2 was significantly increased due to FYM applied 

at 5.54 t ha'1 (Sharma and Sharma, 1994). Verma and Bhagat (1994) found that 

yield contributing characters were affected positively by the incorporation of 

FYM resulting in the highest grain and straw yields of rice. In rice, application of 

20 t FYM ha'1 produced the highest values of yield attributes and yield (Kumar et 

al, 2003). Shekara et al (2010) found that FYM applied at 20 t ha'1 recorded
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more productive tillers hill'1, filled spikelets, 1,000 grain weight which produced 

higher grain yield compared to without FYM application. The highest values of 

panicles m'2, grains panicle’1, grain and straw yields were obtained by application 

of FYM at 151 ha'1 (Panigrahi et al., 2014).

Incorporation of FYM @ 10 tonnes per hectare shown maximum grain 

yield of rice (Gupta et a l, 1995). Madhav et al. (1996) observed higher harvest 

index with application of 120 kg N ha'1 supplied 100 per cent as FYM. FYM 

addition at 10 tonnes per hectare significantly increased the grain and straw yields 

of rice and wheat (Singh et al., 1996). Reddy and Shivraj (1999) reported higher 

grain yield due to FYM applied at 10 t ha"1. Chettri et al. (2003) reported that 

farmer’s practice of application of FYM at 7 t ha'1 was adequate to produce stable 

rice yields. Gopakkali et al. (2012) concluded that application of 125 kg N ha'1 

supplied through FYM at 12.5 t ha'1 along with cattle urine produced the highest 

grain and straw yields of rice. Panigrahi et al. (2014) suggested that application 

of organic manure @ 15 tonnes produced the highest grain and straw yields of 

rice.

2.I.2.4. Combined Effects o f  Nitrogen and Potassium

Anu (2001) found that yield characters were favourably influenced by N 

and K applied at 80:45 kg ha'1. Mini (2005) found that upland rice fertilized with 

NK at 100 and 50 kg ha'1 favourably influenced the yield attributes and yield. 

Arivazhagan and Ravichandran (2005) reported that NK applied at 150:75 kg ha'1 

recorded the highest number of panicles hill'1, panicle length, 1000-grain weight, 

grain yield and straw yield of rice. According to Kumar et al. (2005) application 

of 160 kg N and 60 kg K2O ha'1 positively influenced the yield attributes of hybrid 

rice and produced higher grain and straw yields. Sarker et al. (1995) found that 

fertilizer level of 100:75 kg NK ha"1 shown higher values of yield components and 

yield of rice. Application of 60 kg potassium in conjunction with 90 kg nitrogen 

significantly increased the yield of rice (Nakashgir et al., 2000). Farinelli et al. 

(2004) found that application of 65 kg N ha'1 and 20 kg K2O ha"1 was the best
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combination to produce maximum grain yield. An interaction effect of nitrogen 

and potassium revealed that NK at 50:25 kg ha'1 produced the highest values of 

yield components and grain yield (Akanda et a l, 2012). The highest grain yield 

of rice was obtained by united application of NK level at 23 and 30 kg ha'1 (Kumar 

et al, 2013).

Anu (2001) reported the maximum HI recorded by NK applied at 80:30 kg 

ha'1 in upland rice. Highest harvest index with positive N-K interactions can be
-l

obtained at 25:15 kg NK ha in fine grain aromatic rice (Akanda et a l, 2012). 

Ajaykumar (2015) reported the maximum HI due to combined application of 150 

kg N ha'1 and 50 kg K2O ha'1 in rice.

2.1.2.5. Combined Effects o f  Nitrogen, Potassium and FYM

Bharathy (2005) reported that integrated application of 10 t FYM ha"1 

along with NK level of 100 and 40 kg ha'1 as chemical fertilizer recorded highest 

harvest index. FYM application @ 12.5 t ha'1 in combination with NK dose of 

150:50 kg ha"1 registered the highest grain yield of 5538 kg ha'1 (Senthievelu and 

Prabha, 2007). Mankotia et al (2008) stated that application of FYM at 5 t ha"1 

with 90 kg N ha'1 and 33.3 kg K2O ha'1 produced the higher grain yield (5.03 t ha' 

]) compared to chemical fertilizers alone. The highest grain (30.85 q ha'1) and 

straw yield (35.25 q ha"1 ) of rice were obtained with united application of 120 kg 

N ha"1 and 100 kg K2O ha"1 along with 10 t FYM ha'1 (Ahmed et a l, 2014). 

Kumar et al. (2014) stated that application of NK at 150 and 60 kg ha"1 with 25% 

nitrogen through FYM produced the maximum panicle length, number of grains 

panicle'1, test weight, grain and straw yield. Among the different INM practices, 

application of FYM @ 5 t ha"1 along with NK at 150:40 kg ha'1 registered highest 

panicle number m"2 over the other treatments (Revathi et a l, 2014). Application 

of 75 kg N ha'1 with 25 per cent substituted as FYM and 40 kg K2O produced the 

highest harvest index of rice (Sekhar. et a l, 2014).
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2.1.3. Physiological Parameters

2.1.3.1. Nitrogen

Thomas (2000) reported the highest RLWC and protein content of grain 

(4.91%) in upland rice was obtained by higher level of N at 90 kg ha"1. Fertilizer 

level of nitrogen at 90 kg ha"1 increased the RLWC of upland rice (Ranjini, 2002). 

The maximum RLWC was registered by application of nitrogen at 100 kg ha'1 

(Mini, 2005). Protein content of grain was increased with the increasing level of 

nitrogen from 40 to 80 kg ha"1 (Sikdar et al., 2008). The higher protein content of 

grain was recorded at 160 kg N ha'1 (Reddy et al, 2012). Maximum grain protein 

content was observed for nitrogen applied at 103 kg ha"1 (Faraji et a l, 2013).

2.1.3.2. Potassium

In upland rice grown under open condition, application of 45 kg K2O ha"1 

produced the highest protein content of 4.91 per cent (Ranjni, 2002). Dwivedi et 

al. (2006) reported that application of potassium increased the protein content in 

rice grains. Rao et al (2014) reported higher crude protein content at K applied at 

50 kg ha"1.

2.1.3.3. FYM

The protein content of rice was increased by FYM application at 10 t ha"1 

(Dixit and Gupta, 2000). In wheat, EL-Lattief (2014) reported increased in grain 

protein content due to FYM application of 8 1 ha"1.

2.1.3.4. Combined Effects o f Nitrogen and Potassium

Mini (2005) reported that NK levels significantly influenced the protein 

content of grains in upland rice. The maximum protein content was recorded by 

application of NK at 100:50 kg ha"1. Kumar et al (2005) revealed that protein
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content increased with increasing levels of nitrogen and potassium upto 160 kg ha' 

1 and 90 kg ha

2.1.3.5. Combined Effects o f Nitrogen, Potassium and FYM

Aruna et al. (2012) reported the highest protein content at 120 kg N ha'1 

with 25 per cent substituted as FYM and 60 kg K2O ha'1. Sekhar et al. (2014) 

obtamed the highest protein content at 100 kg N ha'1 with 25 per cent substituted 

as FYM and 40 kg K2O ha'1.

2.1.4. Nutrient Content and Uptake

2.1.4.1. Nitrogen

Ranjini (2002) obtained highest N uptake at 90 kg N ha'1 in upland rice. 

Mini (2005) stated N applied at 100 kg ha'1 shown maximum uptake of N. 

Sudhakar et a l (2003) reported that N uptake improved with each incremental 

levels of N and the maximum uptake of N was registered at 125 kg N ha'1. Sikdar 

et al. (2008) reported maximum N uptake at 60 kg N ha'1. Rao et al. (2013) stated 

that in all the growth stages nitrogen application favourably influenced the N 

uptake in rice. The highest grain, straw and total uptake was recorded by 

application of nitrogen at 240 kg N ha’1 which was comparable with 210 kg N ha' 

!. The nitrogen uptake by grain, straw and total uptake positively improved with 

successive increase in N addition upto 80 kg ha'1 (Nayak et al., 2015).

2.1.4.2. Potassium

Devendra et al. (1999) found that the successive increase in K levels 

resulted in higher potassium uptake by grain and straw. Similarly, increasing 

levels of N and K to rice resulted in significantly increased the uptake of N and K 

(Mitra et al., 2001). The maximum uptake of N and K in grain was recorded at 

potassium applied at 50 kg ha'1. Similar trends were also observed in straw 

uptake (Surendran, 2005). Krishnappa et al. (2006) reported that increased level
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of potassium tended to increase the potassium uptake in grain and straw. 

According to Pattanayak et al (2008) macro and secondary nutrient uptake 

increased under higher rates of K upto 180 kg ha'1. In dry season rice, total K 

uptake increased by 15.5 and 18.6 % with the addition of 37.5 and 50 kg K2O ha'1, 

compared to 25 kg K2O ha'1 (Dutta et a l, 2013).

2.1.43. FYM

N uptake was increased in kharif rice due to incorporation of 5 tonnes 

FYM ha'1 (Sharma and Mitra, 1990). Sharma (1992) opined that incorporation of 

10 t FYM ha'1, increased nutrient uptake in rice and wheat crops over no FYM 

application. A consistent increase in the nutrients uptake of rice as well as wheat 

was observed with increase in application of FYM from 0 to 12 t ha"1 (Brar and 

Sindhu, 1995). Madhav et a l (1996) reported that FYM application was found to 

exert positive effect on NPK uptake at harvest. Shekara et al. (2010) opined that 

addition of FYM at 2 0 1 ha'1 recorded considerably higher nutrient uptake over 5 t 

and no FYM application.

2.1.4.4. Combined Effects o f Nitrogen and Potassium

Ranjini (2002) obtained highest uptake of NPK at NK level of 90:45 kg

ha'1. Kumar et al. (2005) reported that increasing levels of nitrogen and
-1

potassium up to 160 kg N and 90 kg K2O ha increased the nitrogen and 

potassium uptake in grain and straw. The NPK uptake of upland rice was 

favourably affected by NK levels and the highest nutrient uptake was obtained by 

NK level at 100:50 kg ha^tMini, 2005). Ajaykumar (2015) reported that N and K 

applied at 150:50 kg ha'1 respectively produced the highest NPK uptake.

2.1.4.5. Combined Effects o f  Nitrogen, Potassium and FYM

Satyanarayana et al. (2002) noticed that combined inorganic fertilizers and 

organic manures such as 120:45 kg NK ha'1 as chemical fertilizer and in 

combination with 10 t FYM ha'1 recorded the maximum uptake of nutrients. In
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rainy season rice, maximum uptake of nutrients was recorded at 75:37.5 kg NK 

ha' 1 along with 5 t FYM ha' 1 (Maiti et al., 2006). Kishor et al. (2008) stated 

highest NPK uptake by addition of NK at 90:30 kg ha' 1 with 5 tonnes FYM. In 

rice, highest nutrient uptake at harvest stage was recorded by application of FYM at 

12.5 tonnes with 150:50 kg ha' 1 of NK which was higher than the treatment 

receiving than inorganic fertilizers alone (Senthivelu et al., 2009). Significant 

higher nitrogen, phosphorus and potassium uptake were recorded by NK applied 

at 100 and 50 kg ha' 1 with FYM at 101 ha' 1 (Siddaram et a l, 2011).

2.1.5. Soil Physical Properties

Application of 150 kg N ha' 1 with 50 per cent substituted as FYM reduced 

the bulk density and improved the other physical properties like porosity and 

water holding capacity which is essential for achieving sustainability in rice based 

cropping systems (Tripathy and Singh, 2002). Sepehya et al. (2012) revealed that 

application of 90 kg N with 50% substituted as FYM together with 33 kg K2O ha' 1 

improved the soil physical properties like porosity and water holding capacity. 

Tadesse et al. (2013) reported that soil organic matter and available water holding 

capacity were increased and soil bulk density was decreased due to application of 

FYM at 15 t ha'1, which provides good soil condition for enhancing growth of 

rice.

2.1.6. Soil Available Nutrients

Maiti et al. (2006) reported that the highest organic carbon, available NPK 

content in soil were obtained by application of 75 kg N ha' 1 and 42.5 kg K2O ha' 1 

along with 5 t FYM ha'1. Choudary and Suri (2014) reported that NK applied at 

90:45 kg ha' 1 along with FYM @ 5 t ha' 1 increased the available nutrient status of 

the soil after the experiment. In rainfed rice, application of 60 kg N with 50 per 

cent FYM and 30 kg K2O recorded a significant increase in soil organic carbon 

and higher available N, P2O5 and K2O of soil after harvest (Gogoi , 2015).
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3. MATERIALS AND METHODS

The field experiment was conducted in the field of Sri. Ambu, Akshaya 

Koolome road, Madikkai, Kasaragod district during viruppu 2015. The aim of the 

study was to assess the influence of different levels of N and K on growth, yield 

attributes, yield of upland rice and to assess the possibility of substitution of 

inorganic N by FYM. The details of the materials employed and methods 

followed during the course of the investigation are described in this chapter.

3.1. MATERIALS

3.1.1. Experimental Site

The field experiment was conducted in the field of Sri. Ambu, Akshaya 

Koolome road, Madikkai situated at 12° 20' 13" N latitude, 74° 04' 15" E 

longitude and an altitude of 20 m above mean sea level.

3.1.2. Soil

The soil of the experimental field is sandy loam belonging to the 

taxonomical order Inceptisol. The physico-chemical properties of the soil are 

given in the Table 1.

3.1.3. Climate

Weather parameters prevailed during the experimental period is furnished 

in Appendix I and depicted in Fig 2.

The weather parameters were recorded for the standard weeks during the 

crop period. A total rainfall of 2322 mm was received in 81 rainy days. The 

maximum and minimum temperature ranged from 28.50 °C to 32.07 °C and 20.67 

°C to 25.14 °C, respectively. Relative humidity varied from 76 to 93.71 per cent. 

The evaporation and bright sunshine hours day'1 ranged from 1.51 to 4.0 mm and 

0.36 to 6.71 hours, respectively.
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3.1.4. Season

The field experiment was conducted during the first crop season (virippu) 

of the year 2015. The crop was sown on 4th May, 2015 and harvested on 8 th 

September, 2015.

3.1.5. Crop Variety

The variety used was Aiswarya (PTB 52), which was released from 

Regional Agricultural Research Station, Pattambi. Aiswarya is a medium 

duration variety, has duration of 120-125 days. The grains are red, long and bold. 

It is suitable for modan. Aiswarya variety is resistant to blast and blight diseases 

and also resistant to brown plant hopper. It is suitable to grow in first and second 

crop season.

3.1.6. Source of Seed Material

Seeds of Aiswarya variety were purchased from RARS, Pattambi.

3.1.7. Manures and Fertilizers

Well decomposed and dried farmyard manure containing 0.5 per cent N, 

0,2 percent P2O5 and 0.3 percent K2O was used for the experiment. The fertilizers 

used for the experiment were urea containing 46 percent N, rockphosphate 

containing 20 percent P2O5 and muriate of potash containing 60 percent K2O.

3.2. DESIGN AND LAYOUT

Design : RBD

Season : First crop season (viruppu), 2015

Treatment : 10

Replication : 3

Plot size
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Gross : 5 x 4m

Net : 4.6 x 3.8 m

Spacing : 20X15 cm

Two rows of plants were left as border rows to prevent border effect on all 

the sides on each plot and observations are taken from the plants selected 

randomly from the net plot area.

3.2.1. Treatments

T! : 80:40 kg ha' 1 NK (100% N as chemical fertilizer)

T2 : 80:40 kg ha' 1 NK (75% N as chemical fertilizer, 25% N as FYM)

T3 : 80:40 kg ha' 1 NK (50% N as chemical fertilizer, 50% N as FYM)

T4:100:50 kg ha"1 NK (100% N as chemical fertilizer)

T5 :100:50 kg ha_1NK (75% N as chemical fertilizer, 25% N as FYM)

Tfi: 100:50 kg ha' 1 NK ( 50% N as chemical fertilizer, 50% N as FYM)

T7 :120:60 kg ha' 1 NK (100% N as chemical fertilizer)

Ts : 120:60 kg ha' 1 NK (75% N as chemical fertilizer, 25% N as FYM)

T9 : 120:60 kg ha' 1 NK (50% N as chemical fertilizer, 50% N as FYM)

Tio: 60:30 kg ha' 1 NK (control)

P2O5 : Uniform dose of 30 kg ha' 1 to all treatments

3.3. FIELD CULTURE

3.3.1. Land preparation

The experimental area was uniformly ploughed, levelled and laid out as 

per the experimental design. Soil samples were taken from the field for analysis
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Fig.2. Layout plan of the experiment



Plate 1. View of field experiment at Madikkai
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before starting the experiment. Before sowing individual plots were levelled 

uniformly.

3.3.2. Application of Manures

Farmyard manure @ 5 t ha' 1 was added to all the plots uniformly and 

additionally calculated amount of farmyard manure was applied as per the 

treatments and mixed well with the top soil. Nitrogen was applied equally at three 

split doses first at basal, second at active tillering and third at panicle initiation 

stage as per the treatments. Full dose of phosphorus were applied at basal at the 

time of levelling. Potassium was applied in two equal splits, first at basal and 

remaining at panicle initiation stage as per the treatments.

3.3.3. Seeds and Sowing

Aiswarya seeds were dibbled at 85 kg ha' 1 at a spacing of 20 X 15 cm.

3.3.4. After Cultivation

Thinning and gap filling were done at fifteen DAS to maintain uniform 

population. Two hand weeding were carried out one at 15 DAS and another at 30 

DAS and post emergence herbicide 2,4 D is applied @ 1 kg ai ha"! of water to 

control broadleaved weeds.

3.3.5. Irrigation

According to the requirement of crop, the irrigation was scheduled. 8 

irrigations were given during early stages of crop due to lack of rainfall.

3.3.6. Plant Protection

Coragen @ 0.2 ml lit' 1 of water were sprayed to control leaf roller below 

ETL level during active tillering stage. Malathion @ 1000 ml of EC/AF/ ha of 

water mixed with Nimbicidine @ 6  ml lit"1 of water were sprayed 3 times at a 

weekly interval from milking stage to grain filling stage for controlling earhead 

bug damage.
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Table 1. Physico-chemical parameters of soil

S.No Parameter Content Rating Method

A. Mechanical composition

1 . Sand(%) 76

2 .

3.

Silt (%) 

Clay (%)

5.5

18.5
International pipette method 

(Robinson, 1922)

4. Texture
Sandy

loam

B. Physical properties

1 .
Bulk density 

(g cc'1)
1.25

2 . Porosity (%) 44.68

3.
Water holding 

capacity (%)
19.43

C. Chemical composition

1 . PH 4.8 Acidic pH meter (Jackson, 1973)

2 . Organic carbon 
(%)

0.39

Chromic acid wet digestion 
method 

(Walkley and Black, 1934)

3. Available N 
(kg ha’1)

197 Low
Alkaline Permanganate method 

(Subbiah and Asija, 1956)

4. Available P 
(kg ha'1)

4.03 Low
Bray extraction and photoelectric 

colorimetry (Jackson, 1973)

5. Available K 
(kg ha'1)

153 Medium
Flame photometry 

(Stanford and English, 1949)
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3.3.7. Plant Sampling

Samples were collected from the net plot area of each plot at 30 DAS, 60 

DAS and at harvest. Randomly five sample plants were selected and tagged in net 

plot area for continuous observations.

3.3.8. Harvest

At full maturity the crop was harvested. The crops from net plot area and 

border plants were harvested separately from each plot. The grain and straw yield 

was separately weighed and recorded.

3.4. OBSERVATIONS

3.4.1. Observations on Growth Parameters

3.4.1.1. Height o f Plant

From net plot area five plants were randomly selected and mean value of 

plant height recorded at 30 DAS, 60 DAS and at harvest. From the base of the 

stem to the tip of the top most leaf were measured as plant height. At harvest, the 

plant height was measured from the base of the stem to the tip of the longest 

panicle and expressed in cm.

3.4.1.2. Tiller Number HUT1

The tiller number hill' 1 was observed at 30 DAS, 60 DAS and at harvest 

from the randomly selected five plants of net plot area and the mean values were 

computed and recorded.

3.4.1.3. Leaf Area Index

The maximum length and breadth of the 3 rd leaf from the top of five tagged 

plants were measured at 60 DAS and the mean value was multiplied with total 

number of leaves. The LAI was worked out using the formula suggested by 

Yoshida et al. (1976).
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K (L x W) x Number of leaves per hill

LAI = -----------------------------------------------

Land area occupied by the plant

Where, K - Constant factor (0.75)

L - Maximum length of the 3rd leaf blade from the top

cm)
W - Maximum width of the leaf blade (cm)

3.4.1.4. Dry Matter Production

Dry mater production was recorded at harvest. The five plants were 

randomly selected, uprooted, washed, sun dried and oven dried at 80° C to 

constant weight. Finally DMP is expressed in kg ha'1.

3.4.2. Observations on Yield Attributes and Yield

3.4.2.1. Number o f Productive Tillers HUT1

The number of productive tillers was recorded from the randomly selected 

five plants from net plot at harvest and mean values were calculated accordingly.

3.4.2.2. Length o f  Panicle

Panicle length was measured from the point of scar to the tip of the panicle 

obtained from five centre panicles of the tagged hills and mean length of panicle 

was calculated and expressed in cm.

3.4.2.3. Weight o f  Panicle

Five centre panicles collected for measuring panicle length were 

weighed using an electronic balance and the mean weight of the panicle was 

calculated and expressed in gram.
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3.4.2.4. Number o f Spikelets Panicle'1

The spikelets from each panicle was removed and counted from the five 

sample plants in each plot and the mean value was worked out.

3.4.2.5. Number o f Filled Grains Panicle'1

From the five sample plants, the number of filled grains per panicle was 

counted and average value was recorded.

3.4.2.6. Thousand Grain Weight

Thousand grains were separated from clean produce in each plot and 

record the weight in gram.

3.4.2.7. Grain Yield

The grains were harvested from the each net plot area separately and dried 

under sun to a constant weight. Grain yield was recorded in kg ha'1.

3.4.2.8. Straw Yield

The harvested straw from each net plot area collected separately and 

record the constant weight which dried under sun and straw yield was expressed 

in kg ha' 1

3.4.2.9. Harvest Index

The harvest index was calculated using the formula

Economic yield

HI =   X 100

Biological yield
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3.4.3. Physiological and Chemical Estimation

3.4.3.1. Protein Content o f  Grain

The protein content of grain was calculated by multiplying the factor 6.25 

with the N content of grain (Simpson et al., 1965).

3.4.3.2. Relative Leaf Water Content (RLWC)

The method was proposed by Weatherly (1950) which was later modified 

and described in detail by Slatyer and Baars (1965) was used to estimate RLWC. 

The formula was

Fresh weight -  Dry weight

RLWC =   X100

Turgid weight -  Dry weight

3.4.3.3. NPK Uptake

Uptake of N, P and K nutrients were estimated by the multiplying nutrient 

content of the sample and respective dry weight of plant samples and expressed in 

kg ha'1.

Percentage of nutrient x Total dry matter production

(kg ha'1)

Nutrient uptake = -------------------------------------------------------------------------

100

3.4.3.4. Leaf Temperature

The Temperature of index leaf (3rd leaf from top) was measured using 

steady state porometer at flowering stage. It is a non destructive sampling method 

in which leaf is inserted inside the instrument for recording leaf temperature. It 

was expressed in °C.
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3.4.3.5. Stomatal Conductance

Stomatal Conductance of third leaf from top was measured using steady

state porometer at flowering stage by placing the leaf inside the cabin of the
2 “1instrument. It was expressed in M mol m" s'

3.4.3.6. Soil Analysis

Before sowing, soil samples were collected randomly from the 

experimental field from 0-20 cm depth. Similarly, soil samples after harvest were 

also collected plot-wise from a depth of 20 cm. Available N, P2O5 and K2O of 

soil were analyzed before and after the experiment. The available N, P2O5 and 

K2O were expressed in kg ha' 1 was expressed in per cent. Methods adopted for 

analysis of the soil samples are indicated in Table 1.

3.4.4. Observation on Major Weeds of Upland Rice

Observations on important upland weeds were taken.

3.4.5. Major Pest and Disease

Observations on major pest and disease were taken.

3.4.6. Meteorogical Parameters

The data regarding maximum temperature, minimum temperature, relative 

humidity, rainfall, evaporation and bright sunshine hours during the crop season 

were recorded in the agromet observatory attached to RARS, Pillicode.

3.4.7. Economic Analysis

3.4.7.1. Benefit Cost Ratio

Cost of cultivation for all the treatments was worked out on the basis of 

prevailing input cost and market price of grain and straw at the time of 

experimentation. The net income was calculated by deducting the cost of
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cultivation from the gross return. The benefit cost ratio (BCR) was worked out as 

follows.

Gross return ha ' 1 (Rs.)
BCR = ■

Cost of cultivation ha ' 1 (Rs.)

3.5. STATISTICAL ANALYSIS

The data on various characters studied during the course of investigation 

were subjected to an analysis of variance (F-test) as per the methods suggested by 

Panse and Sukhatme (1985). Wherever statistical significance was observed, 

critical difference (CD) at 0.05 level of probability was worked out for 

comparison. Non significant comparisons were indicated as NS.



RESULTS



4. RESULTS

The data on growth attributes, yield and yield attributes, nutrient uptake, 

physiological parameters, soil physical and chemical properties, and economics of 

cultivation are analyzed statistically and results are presented here under.

4.1. GROWTH CHARACTERS

4.1.1. Plant Height

The mean data on plant height recorded at different growth stages viz. 30 

DAS, 60 DAS and at harvest are presented in the Table 2.

At 30 DAS, though not significant treatment T3 (80 kg N applied as CF, 40 

kg as FYM and 40 kg as K20) produced the tallest plants of 66.33 cm and the 

shortest plants of 58.13 cm were produced by the treatment T10 (60 kg N applied 

as 100% CF and 30 kg K20).

At 60 DAS, the treatments differed significantly. The treatment T9 (120 kg 

N applied as 60 kg as CF, 60 kg as FYM and 60 kg K20 ) produced the tallest 

plants of 98.13 cm and was on par with all the treatments except Ti0. The 

treatment T10 produced the shortest plants of 80.57 cm.

At harvest, the treatment T9 (120 kg N applied as 60 kg as CF, 60 kg as 

FYM and 60 kg K20) registered the maximum plant height of 148.21 cm, which 

was on par with Tg and Tg and this treatment T9 was superior to T4, T3, T2, T5, T7 

and T10. The next best treatment T4 produced plants of height 138.63 cm and this 

was found to be on par with T], T3, T2, T5, T7 and superior to Tio- The shortest 

plants of 126.01 cm were produced by Tio- The treatment T9 registered 17.6 per 

cent increase in plant height over Tio-
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Table 2. Effect of treatments on plant height at various growth stages

Treatments Plant height (cm)

30 DAS 60 DAS At harvest

Ti 65.70 94.60 134.67
t 2 64.13 95.27 134.22
t 3 66.33 95.97 134.67
t 4 62.37 93.07 138.63
t 5 60.67 91.00 133.77
t 6 65.87 92.20 140.58
Ty 62.47 93.80 133.28
Tg 61.93 96.33 140.67
t 9 65.20 98.13 148.21
Tio 58.13 80.57 126.01

SEm(±) 2.18 2.95 2.84

C.D (0.05) NS 8.78 8.45

Table 3. Effect of treatments on total number of tillers hill' 1 at various growth 

stages

Treatments
Number of tiller hill' 1

30 DAS 60 DAS At harvest
T] 8.37 11.07 11.47
t 2 9.47 11.53 11.13
t 3 9.50 10.83 11.37
t 4 9.93 12.33 12.73
t 5 9.47 12.33 13.20
t 6 9.70 1 2 .0 0 12.13
Ty 9.90 12.07 13.77
Tg 10.33 12.80 12.53
t 9 9.87 13.27 13.20
T io 7.83 8 .2 0 8.80

SEm(±) 0.57 0.74 0 .8 8

C.D (0.05) NS 2.19 2.60
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4.1.2. Number of Tillers Hill'1

The data on tiller number hill' 1 at 30 DAS, 60 DAS and at harvest are 

presented in Table 3.

At 30 DAS, the treatments did not differ significantly. However, treatment 

Tg (120 kg N applied as 90 kg as CF, 30 kg as FYM and 60 kg K2O) registered the 

maximum tiller number of 10.33 and Tio (60 kg N applied as 100% CF and 30 kg 

K20 ) recorded the lowest value of 7.83, the percentage increase being 31.9.

At 60 DAS, there was significant difference among treatment and T9 (120 

kg N applied as 60 kg as CF, 60 kg as FYM and 60 kg K20 ) recorded the 

maximum tiller number of 13.27 with which Tg, T4, T5, T7, Tg and T2 were on par. 

The next best treatment was Ti and was on par with T3. The lowest tiller count of 

8.20 was registered by the treatment Tio. The treatment T9 registered 61.8 per 

cent increase in tiller number over Tio.

At harvest, the treatments differed significantly and T7 (120 kg N applied 

as 100% CF and 60 kg K2O) produced maximum tiller number of 13.77 and was 

on par with T9 , T5, T4, Tg, T6, Ti and T3. The treatment Tio (60 kg N applied as 

100% CF and 30 kg K2O) produced minimum tillers hill"1of 8.80. Tiller number 

of T7 plants was 56.5 per cent more than that of Tio.

4.1.3. Leaf Area Index

The data on LAI at 60 DAS are presented in Table 4.

The treatments differed significantly, the maximum LAI of 4.98 was 

recorded by the treatment T9 (120 kg N applied as 60 kg as CF, 60 kg as FYM and 

60 kg K20) and was on par with Tg and T7. The lowest LAI of 4.02 was recorded 

by the treatment Ti0 (60 kg N applied as 100% CF and 30 kg K2O).
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4.1.4. Dry Matter Production (DMP)

The data on dry matter production at harvest are presented in Table 4.

At harvest, there was significant variation among treatments. The 

treatment T9 (120 kg N applied as 60 kg as CF, 60 kg as FYM and 60 kg K20) 

produced the maximum DMP of 6382 kg ha'1. The treatment T9 was on par with 

Tg and T7 which gave a DMP of 6242 and 6006 kg ha'1. This was followed by T6 

which registered a DMP of 5867 kg ha'1. The lowest DMP of 4239 kg ha' 1 was 

recorded by Tio. The treatment T9 registered a per cent increase of 50.5 over Tio-

4.2. YIELD ATTRIBUTES AND YIELD

4.2.1. Number of Productive Tillers Hill"1

The data on number of productive tillers hill' 1 are presented in Table 5.

The treatments showed significant difference and T9 (120 kg N applied as 

60 kg as CF, 60 kg as FYM and 60 kg K20) and T5 (100 kg N applied as 75 kg as 

CF, 25 kg as FYM and 50 kg K20 ) registered the maximum number of productive 

tillers of 12.87 and was on par with other treatment, except Tio (60 kg N applied 

as 100% CF and 30 kg K20). The treatment Tio recorded the minimum number of 

productive tillers of 7.67. The percentage increase of productive tillers in T9 over 

Tio was 67.8.

4.2.2. Length of Panicle

The data on length of panicle are presented in Table 5.

The treatment exhibited significant variation and T9 (120kgN  applied as 

60 kg as CF, 60 kg as FYM and 60 kg K20) produced the longest panicle of 24.96 

cm and was on par with T6, T5, T4, Tg and T3. The shortest panicle of 21.20 cm 

was produced by T i0 (60 kg N applied as 100% CF and 30 kg K20). The 

treatment T9 registered 17.7 per cent increase over Tio.
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Table 4. Effect of treatments on LAI and DMP

Treatments LAI (60DAS)
DMP (at harvest) 

(kg ha'1)

Ti 4.20 4513

t 2 4.22 4994

t 3 4.35 4261

t 4 4.25 5040

t 5 4.39 5410

t 6 4.30 5867

t 7 4.63 6006

t 8 4.77 6242

t 9 4.98 6382

Tio 4.02 4239

SEm(±) 0 .1 2 140.36

C.D (0.05) 0.35 384.89



4.2.3. Weight of Panicle

The data on weight of panicle are presented in Table 5.

The weight of panicle was favourably influenced by the treatments and T9 

(120 kg N applied as 60 kg as CF, 60 kg as FYM and 60 kg K20 ) registered 

maximum panicle weight of 3.11 g which was on par with T5, T7 and Tg. The 

lowest panicle weight of 1.87 g was recorded by Tio (60 kg N applied as 100% CF 

and 30 kg K20). The treatment T9 registered 66.3 per cent increase over Ti0.

4.2.4. Number of Spikelets Panicle"1

The data on number of spikelets panicle' 1 are given in Table 6 .

The treatments differed significantly and treatment T9 (120 kg N applied 

as 60 kg as CF, 60 kg as FYM and 60 kg K20) give the highest number of 

spikelets (166.87) and was on par with treatments T5, T4, Tg and T3. The lowest 

spikelet number of 110.20 was recorded by the treatment Tio (60 kg N applied as 

100% CF and 30 kg K20) and was 51.4 per cent lesser than T9.

4.2.5. Number of Filled Grains panicle"1

The data on number of filled grains panicle' 1 are given in Table 6 .

There was significant difference between the treatments and T9 (120kgN 

applied as 60 kg as CF, 60 kg as FYM and 60 kg K20) registered maximum 

number of filled grains panicle of 147.33, which was on par with T5, Tg, T4, T3 

and Ti. The lowest number of filled grains panicle of 97.27 was recorded by Tio 

(60 kgN applied as 100% CF and 30 kg K20).
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Table 5. Effect of treatments on number of productive tillers hill’1, panicle length 

and panicle weight

Treatments
Number of productive 

tillers hill"1

Panicle length 

(cm)

Panicle 

weight (g)

Ti 10.60 23.46 2.41

T 2 10.87 22.82 2.29

t 3 10.60 23.70 2.35

t 4 1 2 .0 0 24.18 2.30

t 5 12.87 24.41 2 .6 8

t 6 10.67 24.51 2.55

T 7 12.80 22.80 2.56

Ts 11.60 23.93 2.49

t 9 12.87 24.96 3.11

T i o
7.67 2 1 .2 0 1.87

SEm(±) 0.81 0.43 0 .2 0

C.D (0.05) 2.41 1.29 0.59
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Table 6 . Effect of treatments on number of spikelets panicle'1, number of filled 

grains panicle' 1 and 1 0 0 0  grain weight

Treatments
Number of 

spikelets panicle"1

Number of filled 

grains panicle"1

1 0 0 0  grain 

weight (g)

Ti 139.87 126.80 25.51

t 2 123.47 106.33 25.53

t 3 141.73 127.87 26.34

t 4 151.60 133.60 25.00

t 5 156.47 140.20 26.07

t 6 151.33 136.03 26.95

t 7 130.73 114.67 26.65

Tg 136.27 116.47 27.61

t 9 166.87 147.33 28.28

T io 1 1 0 .2 0 97.27 25.15

SEm(±) 8.58 8.08 1.44

C.D (0.05) 25.52 24.05 NS
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4.2.6.1000 Grain Weight

The data on 1000 grain weight are presented in Table 6 .

Though not treatment differed significantly, the treatment T9 (120 kgN  

applied as 60 kg as CF, 60 kg as FYM and 60 kg K2O) recorded the maximum 

weight of 28.28 g was closely followed by the treatment Tg, T6, T7 and T3. The 

treatment Ti0 (60 kg N applied as 100% CF and 30 kg K20) recorded the lowest 

value of 25.15 g which was 12.4 per cent lesser than T9.

4.2.7. Grain Yield

The grain yield as influenced by various treatments is presented in Table

7.

The grain yield was significantly influenced by the treatments. The 

maximum grain yield of 2822 kg ha' 1 was recorded by the treatment T9 (120 kg N 

applied as 60 kg as CF, 60 kg as FYM and 60 kg K20 ) and was on par with the 

grain yield of 2785 kg ha"1 produced by the treatment Tg. The treatment T9 was 

found to be significantly superior to rest of the treatments. The treatment T7 

produced the next highest grain yield of 2600 kg ha' 1 and was on par with the 

grain yield of 2485 kg ha' 1 produced by the treatment T6 and superior to other 

treatments. The grain yield of 2281 kg ha' 1 produced by treatment T5 was par on 

with the grain yield of 2120 kg ha' 1 recorded by T4 . The lowest grain yield of 

1668 kg ha' 1 was recorded by Tio (60 kg N applied as 100% CF and 30 kg K20) 

and significantly inferior to rest of the treatments. The treatment T9 recorded 69.2 

per cent increase in grain yield over Tio

4.2.8. Straw Yield

The data on straw yield are presented in Table 7.

There was significant difference among the treatments and the treatment 

T9 (120 kg N applied as 60 kg as CF, 60 kg as FYM and 60 kg K20 ) produced the
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maximum straw yield of 3560 kg ha' 1 which was pax with Tg, T7 and Tg recording 

3457 kg ha'1, 3406 kg ha' 1 and 3383 kg ha' 1 and superior to rest of the treatments. 

T5 produced the next highest straw yield of 3129 kg ha' 1 and was on par with T2 

which produced a straw yield of 2949 kg ha' 1 and superior to rest of the 

treatments. The lowest straw yield of 2482kg ha' 1 was recorded by the treatment 

T3 (80 kg N applied as 40 kg as CF, 40 kg as FYM and 40 kg K2O) and was on 

par with T ]0 and inferior to other treatment. The treatment T9 recorded 43.4 per 

cent increase in straw yield over T3.

4.2.9. Harvest Index

The data on harvest index are presented in Table 7.

There was significant difference among treatments. The treatment Tg (120 

kg N applied as 90 kg as CF, 30 kg as FYM and 60 kg K2O) registered the 

maximum harvest index of 0.45 and was found to be on par with T9, T7, T6, T5, T4 

and T3 and superior to rest of the treatments. The treatment T2 registered a 

harvest index of 0.41 and was on par with Ti and Tio. The lowest HI of 0.39 was 

recorded by the treatment Tio. The harvest index of Tg was 15.4 per cent more 

than Tio.

4.3. PHYSIOLOGICAL AND CHEMICAL ESTIMATIONS

4.3.1. Relative Leaf Water Content (RLWC)

RLWC content at panicle initiation and flowering stage as influenced by 

treatments are presented in Table 8 .

The treatments showed no significant variation at panicle initiation stage. 

However treatment Tg (100 kg N applied as 50 kg as CF, 50 kg as FYM and 50 kg 

K2O) registered the maximum value of 80.63 per cent at PI stage. The lowest 

value of 72.62 per cent was recorded by T5 (100 kg N applied as 75 kg as CF, 25 

kg as FYM and 50 kg K20).
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Table 7. Effect of treatments on grain yield, straw yield and harvest index

Treatments
Grain yield 

(kg ha'1)

Straw yield 

(kg ha'1)

Harvest

index

Ti 1797 2716 0.40

t 2 2044 2949 0.41

t 3 1780 2482 0.42

t 4 2 1 2 0 2919 0.42

t 5 2281 3129 0.42

Te 2485 3383 0.42

t 7 2600 3406 0.43

t 8 2785 3457 0.45

t 9 2822 3560 0.44

T io 1668 2571 0.39

SEm(±) 96.29 68.83 0 .0 1

C.D (0.05) 202.30 204.52 0.03



2.c. At grain tilling stage 2.d. At harvest stage

Plate 2. Experimental field at different growth stages
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3.a. T, - 120:60 kg ha' 1 NK (50% 
N as CF, 50% N as FYM)

3.b. T„ - 120:60 kg ha ' 1 NK 
(75% N as CF, 25% N as FYM)

3.c. T6 - 100:50 kg ha 1 NK (50% 
N as CF, 50% N as FYM

3.d.T,o-60:30 kg ha ' 1 NK 
(control)

Plate 3. Treatmental variation at grain Filling stage
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At flowering stage also there was no significant difference between the 

treatments and T9 (120 kg N applied as 60 kg as CF, 60 kg as FYM and 60 kg 

K2O) registered the highest value of 82.29 and the lowest value of 73.17 per cent 

was recorded by T7 (120 kg N applied as 100% CF and 60 kg K20).

4.3.2. Protein Content of Grain

The data on protein content of grain are presented in Table 8 .

Analysis of the data showed that treatments differ significantly and the 

treatment T4 (100 kg N applied as 100% CF and 50 kg K20) registered the 

maximum value of 5.96 per cent which was on par with Tg recording a value of 

5.94 per cent and was significantly superior to rest of the treatments. The 

treatment T5 registered the next highest protein value of 5.60 per cent and was on 

par with T9 recording a value of 5.31 per cent and superior to rest of the treatment. 

The lowest value of 3.20 per cent was recorded by Tio (60 kg N applied as 100% 

CF and 30 kg K20) and was significantly inferior to all treatments.

4.3.3. Leaf Temperature

The data on leaf temperature at 60 DAS are presented in Table 8 .

The data did not reveal significant difference between treatments. 

However the treatment T5 (100 kg N applied as 75 kg as CF, 25 kg as FYM and 

50 kg K20) and Tio (60 kg N applied as 100% CF and 30 kg K20) registered the 

lowest leaf temperatures of 28 °C. The maximum leaf temperature of 30.23 °C 

was recorded by the treatment Tg (120 kg N applied as 90 kg as CF, 30 kg as 

FYM and 60 kg K20) closely followed by T 1, T9 and T7.

4.3.4. Stomatal Conductance

The data on stomatal conductance are presented in Table 8 .



Table 8. Effect of treatments on physiological parameters

Treatments Protein content of 
grain (per cent)

Relative leaf water content (%)
Leaf temperature 

(°C)

Stomatal 
conductance 

(M mol m' 2 s"1)PI stage Flowering stage

T, 5.09 77.41 75.08 29.93 2 2 2 .1 0

t 2 3.85 76.57 78.91 28.90 219.43

t 3 4.46 77.66 80.05 29.13 245.07

t 4 5.96 73.79 75.73 29.00 247.30

t 5 5.60 72.62 81.52 28.00 269.37

t 6 3.67 80.63 80.65 28.53 245.90

t 7 4.06 78.43 73.17 29.20 224.87

Tg 5.94 75.27 81.38 30.23 234.77

t 9 5.31 74.98 82.29 29.20 266.17

T,o 3.20 73.87 75.45 28.00 226.93

SEm(±) 0.15 5.89 3.66 1.03 25.58

C.D (0.05) 0.31 NS NS NS NS

C71
CD
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Though not significant T5 (100 kg N applied as 75 kg as CF, 25 kg as 

FYM and 50 kg K2O) registered the highest value of 269.37 M mol m' 2 s’1 closely 

followed by T9 recording 266.17 M mol m ' 2 s"1. The lowest value of 219.43 M 

mol m' 2 s' 1 recorded by the treatment T2.

4.3.5. Uptake of Nitrogen

The data on uptake of nitrogen at harvest as influenced by various 

treatments are presented in Table 9.

The treatments had a profound influence on N uptake by grain and straw. 

The results revealed that Tg (120 kg N applied as 90 kg as CF, 30 kg as FYM and 

60 kg K20) registered the highest values of 26.44, 22.48 and 48.92 kg ha' 1 

respectively for uptake of nitrogen by grain, straw and total and was significantly 

superior to rest of the treatments. The treatment T9 (120 kg N applied as 60 kg as 

CF, 60 kg as FYM and 60 kg K2O) recorded the next highest value for uptake of 

nitrogen by grain and straw (23.98 and 19.56 kg ha'1) and was superior to rest of 

the treatments. The lowest N uptake by grain and straw was recorded by T 10 (60 

kgN applied as 100% CF and 30 kg K20).

4.3.6. Uptake of Phosphorus

The data on phosphorus uptake are presented in Table 9.

The treatment showed significant difference between the treatments. The 

results revealed that the treatment T5 (100 kg N applied as 75 kg as CF, 25 kg as 

FYM and 50 kg K20) registered the highest values of 7.33, 7.02 and 14.35 kg ha' 1 

respectively for uptake of phosphorus by grain, straw and total. The treatment Ts 

was significantly superior to rest of the treatments. The treatment Tg recorded the 

next highest value of 5.68 kg ha' 1 for uptake of P by grain whereas treatment T6 

registered the next highest value of 4.67 kg ha' 1 for uptake of P by straw. The 

total uptake of P at harvest was maximum (14.35 kg ha'1) for the treatment T5 and 

was superior to rest of the treatments. The treatment T10 (60 kg N applied as
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100% CF and 30 kg K20) registered the lowest value for grain uptake and total 

uptake while treatment T3 (80 kg N applied as 40 kg as CF, 40 kg as FYM and 40 

kg K20 ) recorded the lowest value for P uptake by straw.

4.3.7. Uptake of Potassium

The data on potassium uptake are presented in Table 9.

The treatments differed significantly and T9 (120 kg N applied as 60 kg as 

CF, 60 kg as FYM and 60 kg K20) registered the maximum K uptake of 7.80, 

44.96 and 52.76 kg ha' 1 respectively for grain, straw and total. The treatment Tg 

registered the next highest value for grain uptake of K (6.78 kg ha"1) and was on 

par with T7 and superior to rest of the treatments with respect to straw uptake of 

K. The next highest value of 40.33 kg ha"1 was recorded by Tg which was on par 

with Ts, T2, T7, T4, T5 and Ti. The lowest value for K uptake by straw and total 

was recorded by the treatment T10 (60 kg N applied as 100% CF and 30 kg K20), 

while for grain uptake, it was Ti.

4.4. SOIL PROPERTIES

4.4.1. Physical Properties

4.4.1.1. Bulk Density

The data on bulk density of soil after harvest are presented in Table 10.

Analysis of the data showed that treatments different significantly and the 

treatment T9 (120 kg N applied as 60 kg as CF, 60 kg as FYM and 60 kg K20) 

registered the lowest Db value of 1.07 g cc"1 which was on par with the treatment 

Tg, Tg, T2 and T7. The maximum Db value of 1.20 g cc' 1 was registered by the 

treatment Ti0 (60 kg N applied as 100% CF and 30 kg K20) and this was on par 

with T5, Ti, T3, T4, T7, T2 and T6.



Table 9. Effect of treatments on the uptake of N, P and K at harvest, kg ha'1

Treatments
Uptake of N Uptake ofP Uptake of K

Grain Straw Total Grain Straw Total Grain Straw Total

T, 14.64 13.96 28.60 3.28 3.21 6.49 3.93 34.53 38.46

t 2 12.60 9.33 21.93 2.87 2.49 5.35 4.59 38.65 43.25

t 3 1 2 .6 8 10.25 22.93 3.45 2.30 5.75 4.39 26.99 31.38

t 4 2 0 .2 1 19.09 39.30 3.34 2.39 5.73 4.31 35.57 39.88

t 5 20.43 18.65 39.07 7.33 7.02 14.35 5.38 35.25 40.64

t 6 14.54 9.68 24.21 5.30 4.67 9.97 5.69 40.02 45.71

t 7 16.90 11.93 28.84 4.87 4.07 8.94 6.14 38.30 44.45

t 8 26.44 22.48 48.92 5.68 4.30 9.98 6.78 40.33 47.10

t 9 23.98 19.56 43.54 4.17 2 .8 6 7.03 7.80 44.96 52.76

T io 8.53 5.43 13.96 2.80 2.37 5.16 4.12 22.13 26.25

SEm(±) 0.75 0.90 1.41 0.82 0.47 0.69 0.41 3.59 3.58

C.D (0.05) 1.57 1 .8 8 2.95 1.73 0.99 1.45 0.85 7.55 7.52

<_n
c o
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4.4*1.2. Porosity

The data on porosity of soil after harvest are presented in Table 10.

The treatments differed significantly and T9 (120 kg N applied as 60 kg as 

CF, 60 kg as FYM and 60 kg K20 ) registered the maximum porosity of 50.76 per 

cent and was on par with Ts, Tg, T2 and T7 and significantly superior to other 

treatments. The treatment T10 (60 kg N applied as 100% CF and 30 kg K20) 

recorded the lowest porosity of 44.95 per cent.

4.4.1.3. Water Holding Capacity (WHC)

The data on water holding capacity of soil after harvest as influenced by 

treatments are presented in Table 10.

The treatment showed significant difference between the treatments. The 

results revealed that the treatment T6 (100 kg N applied as 50 kg as CF, 50 kg as 

FYM and 50 kg K20) registered the highest WHC value of 22.66 per cent and was 

on par with Tg and T9. The lowest WHC value of 17.44 per cent was recorded by 

the treatment T10 (60 kg N applied as 100% CF and 30 kg K20).

4.4.2. Chemical Properties

4.4.2.1. Available Nitrogen

The data on available nitrogen content of soil after the experiment are 

presented in Table 11 and there is significant difference between the treatments.

The treatment Tg (120 kg N applied as 90 kg as CF, 30 kg as FYM and 60 

kg K20) recorded the maximum available N content of 265.63 kg ha' 1 and was on 

par with T9 and Tg. The treatment T7 recorded the next highest value of 248.73 kg



Table 10. Effect of treatments on soil physical properties after the experiment.

Treatments Bulk Density (g cc'1) Porosity (%)

Water Holding Capacity 

(%)
Ti 1.18 45.73 2 0 .1 1

t 2 1.14 47.94 20.23

t 3 1.15 47.48 20.67

t 4 1.15 47.32 19.92

t 5 1.18 45.70 20.67

t 6 1.13 48.20 2 2 .6 6

t 7 1.14 47.86 20.79

Tg 1 .1 1 49.25 22.30

t 9 1.07 50.76 22.14

T io 1 .2 0 44.95 17.44

SEm(±) 0.03 1.07 1.09

CD (0.05)
0.07 3.19 1 .8 6

c_n
<_n
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ha'[ and was on par with T5, T4 and T2. The lowest value of 207.17 kg ha"1 was 

recorded by the treatment T10 (60 kgN applied as 100% CF and 30 kg K2O).

4.4.2.2. Available Phosphorus

The data on available phosphorus content of soil after the experiment are 

presented in Table 11.

Analysis of the data showed that treatments different significantly and the 

treatment Tg (120 kg N applied as 90 kg as CF, 30 kg as FYM and 60 kg K2O) 

recorded the maximum value of 15.29 kg ha"1 and was on par with Tg and T9. The 

treatment T3 recorded the next highest value of 12.16 kg ha' 1 and was on par with 

Ti and Ty. The treatment T10 (60 kg N applied as 100% CF and 30 kg K2O) 

recorded the lowest value of 6.59 kg ha'1.

4>4.2.3. Available Potassium

The data on available potassium content of soil after the experiment are 

presented in the Table 11.

The treatment T9 (120 kg N applied as 60 kg as CF, 60 kg as FYM and 60 

kg K2O) recorded the maximum value of 277.17 kg ha' 1 and was on par with Tg 

and T5. The treatment T10 (60 kg N applied as 100% CF and 30 kg K2O) recorded 

the lowest value of 185.63 kg ha"1 and was on par with T2 and Ti.

4.4.2.4. Soil Organic Carbon

The data on organic carbon of soil after the experiment are furnished in 

Table 11 and indicates that there was significant difference between treatments.

The treatment T9 (120 kg N applied as 60 kg as CF, 60 kg as FYM and 60 

kg K20) registered the highest value of 0.69 per cent and was on par with Tg. The 

treatment T10 (60 kg N applied as 100% CF and 30 kg K2O) recorded the lowest 

value of 0.40 per cent and was on par with Ti.



Table 11. Effect of treatments on chemical properties of soil after the experiment

Treatments
Available N 

(kg ha'1)

Available P 

(kg ha'1)

Available K 

(kg ha"1)
Organic carbon (%)

Ti 220.70 10.27 203.13 0.41

t 2 241.53 8.84 199.67 0.45

t 3 228.80 12.16 211.87 0.56

T4 244.83 8.55 204.50 0.53

t 5 246.67 9.52 261.00 0.61

t 6 254.07 14.95 226.07 0.64

t 7 248.73 9.87 240.13 0.59

Tg 265.63 15.29 267.77 0 .6 6

t 9 261.73 13.05 277.17 0.69

T,o 207.17 6.59 185.63 0.40
SEm(±) 5.69 0.84 6.30 0 .0 2

CD (0.05) 16.89 2.51 18.71 0.03

CJ1
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4.5. OBSERVATIONS ON MAJOR WEEDS

The major weeds observed in the field were Stachytarpheta indica, 

Phyllanthus maderaspetansis, Mimosa pudica, Portulaca oleracea, Hemidesmus 

indicus, Cyperus rotundus, Cynodon dactylon, and Digitaria sanguinalis.

4.6. PEST AND DISEASE INCIDENCE

The major pests observed in the field were leaf roller and earhead bug. 

The important diseases noticed were blast, bacterial leaf blight and leaf spot. The 

incidence of pest and diseases never reached the threshold level and hence 

uniform score was given to all plots.

4.7. ECONOMIC ANALYSIS

The data on economics of cultivation are given in Table 12. The treatment 

T8 (120 kg N applied as 90 kg as CF, 30 kg as FYM and 60 kg K20 ) registered the 

maximum net returns of Rs. 19149 ha"1 and was on par with T9 and T7. The 

treatment Tio (60 kg N applied as 100% CF and 30 kg K20) registered the lowest 

value of Rs. 160 and was on par with T3 and Tj.

With regard to benefit-cost ratio, the treatment Ts (120 kg N applied as 90 

kg as CF, 30 kg as FYM and 60 kg K20) recorded the maximum value of 1.62 

and was on par with T9, T7, Tg, T5, T4 and T2. The lowest BCR of 1.00 was 

recorded by the treatment Tio-

4.8. WEATHER PARAMETERS

The data on weather parameters are famished in Appendix 1. The 

standard weeks 18th (Apr 30-May 6 ) and 21st (May 21-27) experienced the highest 

maximum (33.07°C) and minimum temperature (25.14°C) respectively and 

whereas the lowest maximum (28.5°C) and minimum temperature (20.67°C) were 

recorded by the standard weeks 29th (July 15-21) and 23 rd (June 4-10) 

respectively. The daily average relative humidity was maximum (93.71%) during



59

Table 12. Effect of treatments on economics of cultivation

Treatments

Cost of 
cultivation 
(Rs. ha'1)

Gross return 
(Rs. ha'1)

Net return 
(Rs. ha"1) BCR

Ti 41945 43211 1266 1.03
t 2 43105 48597 5492 1.28
t 3 41650 41960 310 1 .0 1

t 4 42345 49843 7498 1.34
t 5 43795 53572 9777 1.39
t 6 45245 58252 13007 1.46
t 7 43065 60424 17359 1.59
Tg 44805 63954 19149 1.62
t 9 46545 65036 18491 1.59
Tio 40145 40305 160 1.00

SEm(±) 1795 0.17
CD (0.05) 3772 0.36

Cost of inputs

Nitrogen - Rs. 12 kg' 1 

Phosphorus - Rs. 34 kg' 1 

Potassium -Rs. 16 kg' 1 

FYM - Rs. 8001'1

Cost of seed - Rs. 39 kg' 1

Price of produce

Grain - Rs. 18 kg' 1 

Straw - Rs. 4 kg' 1
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the standard week 29th (July 15-21) and minimum (76%) during 18th (Apr 30-May 

6 ) respectively. The maximum rainfall of 385.40 mm was registered during the 

standard week 29th (July 15-21). The lowest rainfall of 1.90 mm was recorded in 

the standard week 21st (May 21-27). The standard week 35th (Aug 26-Sep 1) 

recorded the maximum evaporation of 4.00 mm and the standard week 25th (June 

18-24) recorded the minimum evaporation of 1.49 mm. The duration of sunshine 

hours was maximum during the standard week 18th (Apr 30-May 6 ) and lowest 

sunshine hours was recorded in the standard week 24th (June 11-17).



DISCUSSION



5. DISCUSSION

The results of the experiment to study the influence of upland rice to NK 

levels and FYM substitution are discussed here under. The data on growth 

attributes, yield and yield attributes, nutrient uptake, physiological parameters, 

soil physical and chemical properties, and economics of cultivation are discussed 

in this chapter.

5.1. GROWTH CHARACTERS

Levels of nitrogen, potassium, FYM and their combined effects 

significantly influenced the growth attributes of upland rice.

Statistical analysis of the data as evident from Tables 2, 3 and 4 revealed 

that plant height at 30 DAS, 60 DAS and at harvest, tiller number at 30 DAS, 60 

DAS and at harvest, LAI at 60 DAS and DMP at harvest were favourably 

influenced by the treatments.

The result presented in Table 2 revealed a profound significant influence 

of NK levels and FYM on plant height at all stages of growth viz. 30 DAS, 60 

DAS and at harvest. At 30 DAS, the maximum plant height was recorded by the 

treatment T3 (80 kg N applied as 40 kg CF, 40 kg as FYM and 40 kg K2O). At 

later stages of growth (60 DAS and at harvest), the treatment Tci(120kgN applied 

as 60 kg as CF, 60 kg as FYM and 60 kg K2O) registered the maximum value for 

plant height. Nitrogen is a major nutrient essential for plant growth as it is a 

constituent of physiologically active compounds like proteins, enzymes, nucleic 

acids and other body building compounds. Nitrogen influences plant height 

through its effect on rapid meristamatic activity. Favourable effect of nitrogen on 

plant height have also been reported by various workers like Reddy and Reddy 

(1989), Babu (1996), Anu (2001), Ranjini (2002) and Mini (2005). Similar 

effects were found due to application of K on plant height at 30 DAS, 60 DAS 

and at harvest. Application of K at 40 kg K2O ha' 1 at 30 DAS and 60 kg K2O ha' 1 

at 60 DAS and harvest significantly influenced plant height. K favours growth of
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meristamatic tissues, induces drought tolerance and thereby the plant height is 

improved (Tisdale et a l, 1995). Similiar findings on the favourable effect of K 

were reported by Babu (1996), Ami (200i), Ranjini (2002), and Mini (2005). The 

effect of FYM in influencing growth parameters is well known. FYM favourably 

influences soil physical and chemical properties, improves the microflora in the 

rhizosphere of the soil and thereby improves plant growth. This is in conformity 

with the findings of Ramasamy (1990), Sharma (1992) and Ranjini (2002). The 

positive influence of N, P, K and FYM on plant height may be due to the 

synergistic effect on cell division and cell elongation (Vaijayanthi, 1986). The 

favourable positive effect of combined application of N, P, K and FYM on plant 

height was also reported by Ranjini (2002), Bharathy (2005), Maiti et al. (2006) 

and Setty (2007).

Tiller production at later stages of growth (60 DAS and harvest) was 

significantly influenced by treatments. At 60 DAS, the treatment T9 (120 kg N 

applied as 60 kg as CF, 60 kg as FYM and 60 kg K2O) produced maximum tiller 

number, while at harvest the treatment T7 (120 kg N applied as 100% CF and 60 

kg K2O) produced the maximum tiller number. Tillering was favourably 

influenced by incremental increase in nitrogen level. Anu (2001) observed 

positive influence of nitrogen on tillering and stated that tiller number increased 

with incremental dose of nitrogen upto 80 kg ha"1. Mini (2005) reported that 

application of nitrogen at 1 0 0  kg ha"1 produced the maximum number of tillers 

hill"1. Application of higher levels of K tends to increase tillering in rice. Similiar 

findings were reported by Anu (2001), Ranjini (2002) and Mini (2005). 

Potassium, an element favouring protein syntheisis might have exerted positive 

influence on tiller production. Potassium tends to induce drought tolerance and 

this also favourably influenced tiller production. FYM is important organic 

manure used in rice cultivation. It improves physico-chemical properties of the 

soil, microbial flora, soil water holding capacity and improves soil residual 

nitrogen. Favourable effects of FYM on tillering were reported by Ranjini (2002) 

and Rao et al. (2004). The favourable effect of combined application of N, P, K
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and FYM on tiller production was reported by Ranjini (2002), Setty (2007) and 

Kumar (2014).

LAI at 60 DAS was favourably influenced by N and K application. The 

favourable influence of nitrogen on tiller number and leaf area resulted in higher 

LAI. Increase in plant height and tiller number resulted in more number of leaves 

which might have contributed to higher LAI. The extent of leaf area available for 

photosynthesis is nearly proportional to the amount of nitrogen applied. This is in 

conformity with the findings of Anu (2001), Ranjini (2002) and Mini (2005) who 

obtained higher LAI due to nitrogen application in upland rice. Higher LAI due 

to K application in upland rice was reported by Anu (2001), Ranjini (2002) and 

Mini (2005). Ranjini (2002) obtained higher LAI of 3.99 due to application of 90 

kg N ha' 1 and 45 kg K20  ha'1. FYM exerted a positive influence on LAI. 

Increased in LAI due to FYM application may be due to the improvement in 

physico-chemical and biological properties of soil, besides supplying N, P, K, 

micronutrients and improving the fertilizer use efficiency (Motsara, 2000). 

Combined application of chemical fertilizers and FYM favourably influenced the 

growth characters such as plant height, tiller number and leaf number which in 

turn resulted in higher LAI. This is supported by the findings of Anu (2001) and 

Ranjini (2002). Since organic manures were applied as basal, there was enough 

time for completion of mineralisation and release of nutrients, thereby the nutrient 

loss is minimised and fertilizer use efficiency is enhanced. The enhanced 

production of leaves and increased leaf duration of plants supplied with chemical 

fertilizers and FYM might have increased the LAI.

The data (Fig 3.) revealed that DMP at harvest was significantly 

influenced by the treatments. The treatment T9 (120 kg N applied as 60 kg as CF, 

60 kg as FYM and 60 kg K20) recorded the maximum DMP. Increasing nitrogen 

levels enhanced the photosynthetic efficiency of the crop leading to greater DMP. 

Higher levels of nitrogen caused significant increase in DMP. This might be due 

to higher availability of nitrogen to plants leading to its higher uptake and 

translocation to the different parts of the plant. The overall growth attributes like
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plant height, tiller number and number of leaves was increased with higher levels 

of nitrogen upto 120 kg ha'1. Higher leaf area for photosynthesis coupled with 

more tiller number resulted in increased growth and higher DMP. This could be 

attributed to the higher nitrogen application which might have increased the 

chlorophyll formation and improved photosynthesis and thereby increased the 

plant height, number of leaves and number of tillers per unit area leading to the 

production of high dry matter. This is in accordance with the findings of Dubey et 

ah (1983), Ranjini (2002), Mini (2005) and Rao et al. (2014). DMP increased 

with higher levels of potassium. Increase in K level enhanced the ability of the 

plant to grow well and thus accumulate more dry matter. Higher DMP at higher 

K levels have been reported by Anu (2001), Ranjini (2002) and Mini (2005). 

Potassium is involved in the activation of enzymes which control various 

metabolic reactions, uptake and translocation of photosynthates and thereby 

resulted in dry matter accumulation in plant parts. FYM resulted in high DMP at 

harvest. DMP was maximum when 50 per cent of 120 kg N ha' 1 was applied as 

FYM. Combined application of FYM and chemical fertilizers might have 

favourably influence the growth attributes such as plant height, leaf number and 

tiller number which in turn increased the DMP. FYM by virtue of improving the 

physical, chemical and biological properties of the soil and supplying N, P, K and 

micronutrients has contributed to increase DMP at harvest.

5.2. YIELD ATTRIBUTES AND YIELD

Results of the study revealed that yield attributes viz., number of 

productive tiller m'2, length of panicle, weight of panicle, number of spikelets 

panicle' 1 and number of filled grains panicle' 1 were significantly influenced by the 

treatments. All the characters were improved by the application of treatment T9 

(120 kg N applied as 60 kg as CF, 60 kg as FYM and 60 kg K2O) as evident from
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the Fig 4 and 5. At higher levels of nitrogen application, DMP and N uptake were 

more which resulted in the higher values for yield attributes. Nitrogen being a 

constituent of enzymes and proteins, higher levels of N enhanced cell expansion 

and metabolic processes resulting in higher values for yield attributes. Effective 

translocation of assimilates from source to sink might have resulted in good grain 

filling as revealed by the higher number of filled grains panicle"1 at higher N 

levels. This was in agreement with the findings of Anu (2001) and Mini (2005). 

At higher levels of N and K, length and weight of panicles, productive tillers, 

number of spikelets and filled grains were more. This might be due to increased 

availability and uptake of nutrients and increased tiller production in treatment T9 

(120 kg N applied as 60 kg as CF, 60 kg as FYM and 60 kg K2O). Potassium 

induced drought tolerance and stimulated the build up and translocation of 

carbohydrates from source to sink and resulted in higher values of yield attributes. 

Higher levels of N and K increased the weight of panicles due to better 

translocation of assimilates to the sink resulting in higher test weight of grains. 

Similiar reports were made by Anu (2001) and Ranjini (2002).

The results revealed that N and K significantly influenced the grain and 

straw yields (Fig 6 .). Application of 120 kg N ha"1 with 50 per cent substituted as 

FYM and 50 per cent as chemical fertilizer with 30 kg P2O5 ha' 1 and 60 kg K2O 

ha'^Tg) produced the maximum grain and straw yields of 2822 and 3560 kg ha"1. 

Growth, yield attributes and yield of rice were favourably influenced by 

application of potassium conjunction with nitrogen (Shrivastava and Tripathi, 

1999). Significant increase in grain yield could be attributed to the fact that N 

application improved the N, P and K uptake by rice and ultimately accelerated the 

photosynthetic activities resulting in better growth and yield attributes which laid 

down the foundation for accumulating higher plant dry matter. As yield is a 

manifestation of the individual yield components, the nitrogen dose which 

resulted in highest grain yield (120 kg N ha'1) was due to the increased in yield 

attributes coupled with higher nitrogen uptake and efficient translocation to sink. 

Similar findings were reported by Roy and Mishra (1999) and Rao et al. (2014).
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Favourable effect of N on grain and straw yields were reported by Anu (2001), 

Ranjini (2002) and Mini (2005). Potassium is involved in the production and 

translocation of starch from source to sink. Higher levels of K increased the grain 

and straw yields primarily due to its favourable effect on productive tiller number, 

nutrient uptake filled grains panicle' 1 and 1000 grain weight. Similar findings 

were reported by Sheela (1993), Anu (2001) and Mini (2005). Combined 

application of N and K was found to increase the grain and straw yield mainly due 

to their favourable effect on yield attributes.

FYM application significantly influenced the yield and yield attributes of 

upland rice (Table 5, 6  and 7). Slow release of macro and micronutrients are 

added to soil through decomposition of farmyard manure, which could contribute 

to the superior yield of rice. FYM addition enhanced the soil properties (physical, 

chemical and biological) which provides the optimum condition for root growth, 

increased nutrient uptake, growth and yield of rice. (Naphade et al. 1993). Due to 

decomposition and subsequent mineralization of FYM plant nutrients became 

readily available to crop. FYM increased the yield attributes such as productive 

tillers, length and weight of panicle, number of filled grains and 1 0 0 0  grain 

weight. Improvement in yield attributes due to FYM application which release 

nutrients slowly to the crop during the entire growth period. Favourable effects of 

FYM on yield attributes were reported by Babu (1996) and Ranjini (2002).

FYM application favourably influenced the grain and straw yields. Higher 

grain yield might be due to combined effect of nutrient supply, synergism and 

improvement in physical, chemical and biological properties of soil. The 

accumulation of autotoxins excreted by rice roots to the soil is alleviated by FYM 

addition through its nutrient supplying power and favourable effect on physico

chemical and biological properties of soil. The overall improvement in yield and 

yield attributes might be due to the synergistic effect of FYM and NK application. 

The higher efficiency of chemical fertilizers together with steady supply of plant
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nutrients throughout the growth period resulted in higher grain yield. This is in 

conformity with the findings of Babu (1996) and Ranjini (2002). The treatment 

T9 (120 kg N applied as 60 kg as CF, 60 kg as FYM and 60 kg K2O) in which 50 

per cent of 120 kg N was substituted with FYM produced the maximum straw 

yield. The favourable effect of T9 on growth characters such as plant height, tiller 

number, LAI and DMP besides improving the physicochemical and biological 

characteristics of the soil might have contributed to higher straw yield. The 

favourable effect of FYM on rice straw yield was reported by Babu (1996), Deepa

(1998) and Ranjini (2002).

The maximum HI of 0.45 was recorded by the treatment Tg in which 25 

per cent of 120 kg N was substituted as FYM. Combined application of N, K and 

FYM produced higher HI values probably because of their synergestic effect on 

yield and yield attributes. Similar finding was reported by Ranjini (2002).

5.3. PHYSIOLOGICAL AND CHEMICAL ESTIMATIONS

5.3.1. Relative Leaf Water Content (RLWC)

The data on effect of treatments on RLWC is presented on Table 8 . 

Though not significant, maximum RLWC of 82.29 per cent was recorded at 

flowering stage by the treatment T9 (120 kg N applied as 60 kg as CF, 60 kg as 

FYM and 60 kg K2O). The impact of nitrogen on RLWC is well established under 

upland condition. Higher nitrogen levels intensified water stress and reduced the 

water potential in rice. FYM improves the physical properties of the soil 

especially porosity and WHC. There is higher moisture retention in the soil due 

to FYM application and the crop has extracted more moisture from the soil 

resulting in higher RLWC. This is in conformity with the findings of Ranjini 

(2002).



70

5.3.2. Protein Content of Grain

The treatments differed significantly and treatment T4 (100 kg N applied 

as 100% CF and 50 kg K2O) registered the maximum value of 5.96 per cent which 

was on par with Tg (120 kg N applied as 90 kg as CF, 30 kg as FYM and 60 kg 

K2O) recording a value of 5.94 per cent (Table 8 ). Protein content of grain was 

significantly increased by elevated levels of N. This might be due to increased 

nitrogen assimilation (protein synthesis) in plants because nitrogen is a major 

component of amino acids and proteins. Increase in protein content at higher 

nitrogen levels was reported by Rao et al. (2014). Potassium is involved in the 

formation of proteins through polymerisation of amino acids. Increase in grain 

protein content at higher doses of N and K was reported by Anu (2001), Ranjini 

(2002) and Mini (2005). FYM is found to improve the grain protein content 

through mineralisation and subsequent release of nitrogen. Combined application 

of N, K and FYM has improved the grain protein content as evident from the 

findings of Ranjini (2002) and Aruna et al. (2012).

5.3.3. Leaf Temperature

The data on leaf temperature at flowering stage are presented on Table 8 . 

Though not significant, treatment T5 (100 kg N applied as 75 kg as CF, 25 kg as 

FYM and 50 kg K2O) and Tio (60 kg N applied as 100% CF and 30 kg K2O) 

registered the lowest leaf temperatures of 28°C. Combined application of N, K 

and FYM resulted in retention of more moisture in soil, reduced the leaf 

temperature and thereby modified the micro climate favourable to the crop. This 

is in agreement with the findings of Farsanashamin (2015).

5.3.4. Stomatal Conductance

The data on stomatal conductance are presented in Table 8 . Though not 

significant, T5 (100 kg N applied as 75 kg as CF, 25 kg as FYM and 50 kg K2O) 

registered the highest value of 269.4 M mol m ' 2 s"1 closely followed by T9 (120 kg 

N applied as 60 kg as CF, 60 kg as FYM and 60 kg K2O) recording 266.2 M mol
 ̂ 1 t ( t i

m* s ' . Integrated use of organic and inorganic sources of nutrients increased the
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stomatal conductance, photosynthetic rate and subsequent crop growth. FYM 

applied to the soil will be subjected to decomposition and mineralisation leading 

to the slow release of N to the soil and CO2 to the microclimate of the crop. As a 

result the CO2 flux in the crop canopy is increased leading to higher stomatal 

conductance and increased rate of photosynthesis. This is in agreement with the 

findings of Farsanashamin (2015). FYM improves the physical properties of the 

soil especially porosity and water holding capacity as a result of which available 

moisture content of the soil is improved and moisture stress is reduced. This leads 

to higher stomatal conductance and a proportionate increase in the assimilation 

rate and photosyntheisis (Lini, 2006).

5.3.5. Uptake of Nutrients

The data on uptake of nutrients are presented on Fig 7, 8  and 9. The 

results revealed that the treatment Ts (120 kg N applied as 90 kg as CF, 30 kg as 

FYM and 60 kg K2O) registered the highest values of 26.44, 22.48 and 48.92 kg 

ha' 1 respectively for uptake of nitrogen by grain, straw and total and was 

significantly superior to rest of the treatments. The treatment T5 (100 kg N 

applied as 75 kg as CF, 25 kg as FYM and 50 kg K2O) registered the highest 

values of 7.33, 7.02 and 14.35 kg ha"1 respectively for uptake of phosphorus by 

grain, straw and total. The treatment T9 (120 kg N applied as 60 kg as CF, 60 kg 

as FYM and 60 kg K2O) registered the maximum K uptake of 7.80, 44.96 and 

52.76 kg ha' 1 respectively for grain, straw and total. Increased nutrient uptake 

might have resulted from higher DMP, grain and straw yields and better growth 

and yield attributes. Increase in uptake of nutrients due to increased dosage of 

nitrogen and potassium. Nitrogen, potassium and FYM had a significant influence 

on nutrient uptake by the crop. Similar findings were reported by Sharma et al.

(1999) who found that united application of organic and inorganic source of 

nutrients was beneficial in enhancing the uptake of NPK by soil. Increased uptake 

might be due to higher availability of nutrients from the soil reservoir and also 

from the added sources of organic manures. The increased available nutrients 

resulted in better uptake of N, P, and K which intum improved the vegetative
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growth as indicated by taller plants, more leaves, roots, tillers and increased leaf 

size leading to higher LAI (Rao, 1988). Increased uptake of N, P and K by upland 

rice at higher nutrient levels is in conformity with the results of Anu (2001), who 

obtained the maximum uptake of NPK at 80:40 kg NK ha'1. Ranijini (2002) 

recorded the highest uptake of nutrients at an NK level of 90:45 kg ha'1. Similar 

findings were reported by Mini (2005) in which the maximum nutrient uptake was 

obtained by the application ofNK at 100:50 kg ha"1.

Organic manures had a significant influence on nutrient uptake. The 

beneficial effect of combined source of organic and inorganic nutrients in rice 

crop might be due to their favourable effect on DMP, grain and straw yields and 

nutrient uptake (Gill and Meelu, 1982). The enhanced nutrient availability 

coupled with higher nutrient uptake due to organic manure incorporation could be 

attributed to higher DMP and nutrient absorption (Reddy, 1988 and 

Sriramachandrasekaran, 1994). Deepa (1998) observed that FYM treated plots 

showed higher nutrient uptake throughout the growth period of rice crop. Higher 

nutrient uptake in rice might be due to the increase in available nutrients which 

might have contributed to mineralization of organic manures or decomposition of 

native soil sources releases soluble nutrients was reported by Walia and Kler 

(2005).

Singhania and Singh (1991) observed higher N and P uptake when 

nitrogen was applied in combined form, both organic and inorganic than all as 

inorganic form. Shekara et al. (2010) reported that application of FYM @ 2 0 1 ha' 

1 recorded significantly higher nutrient uptake (NPK) in rice. Brijal and Singh 

(1998) reported increased K uptake due to integrated use of organic and inorganic 

source of nutrients. Higher uptake could be attributed to adequate supply of 

nutrients and higher recovery of applied nutrients with application of FYM, which 

in turn must have improved synthesis and translocation of metabolites to various 

reproductive structures of the plant.



73

60
I Grain u Straw I Total

0 -u
Tl T2 T3 T4 T5 T6 T7

Treatments
T8 T9 TIO

Fig 7. Effect o f treatments on N uptake (kg h a '1)

u Grain *  Straw ■Total

14 

-  12

10

I
p n

F I

1 1 1

Tl T2 T3 T4 T5 T6 T7 T8 T9 TIO
Treatment

Fig 8. Effect o f treatments on P uptake (kg ha 1)



u
5.4. SOIL PROPERTIES

5.4.1. Soil Physical Properties

The physical properties of soil were significantly influenced by the 

treatments Table 10. The treatment T9 (1 2 0 kgN applied as 60 kg as CF, 60 kg as 

FYM and 60 kg K2O) registered the lowest Db value of 1.07 Mg m ' 3 which was 

on par with the treatment Tg, Tg, T2 and T7. The extent of reduction in bulk 

density was more when organic manures were applied along with chemical 

fertilizers. Reduction in bulk density due to combined application of organic and 

inorganic nutrients was ascribed to the increased root biomass production that 

increased organic matter content of the soil. Lowering of bulk density due to 

continuous application of chemical fertilizers along with organics might be due to 

addition of higher organic carbon that resulted in more pore space and good soil 

aggregation (Sepehya et ah, 2012). FYM enhanced the organic matter of soil 

resulting in better aggregation and subsequent lowering of bulk density as 

reported by Mishra and Sharma (1997).

The data on porosity (Table 10) revealed that the treatments showed 

significant difference. The treatment T9 (120 kg N applied as 60 kg as CF, 60 kg 

as FYM and 60 kg K2O) registered the maximum porosity of 50.76 per cent and 

was on par with Tg, T6, T2 and T7. This is in the line with the findings of Bhatia 

and Shukla (1982) who reported that continuous addition of organic manures not 

only influenced bulk density but also increased the porosity of soils which in turn 

positively influenced the soil condition for optimum plant growth. Soil porosity 

was increased due to integrated use of FYM and chemical fertilizers as reported 

by Sepehya et al. (2013). These results are in conformity with the findings of 

Ranjini (2002).

Combined application of chemical fertilizers and FYM increased the 

WHC of the soil as evident from the Table 10. This could be ascribed to the 

improvement in structural condition of soil due to the application of FYM with 

inorganics (Bhatnagar et al. 1992). Also the higher water holding capacity of the
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added organic matter in turn might have increased the water holding capacity of 

the soil. The results are in agreement with the findings of Ranjini (2002).

5.4.2. Soil Chemical Properties

5.4.2.I. Available Nitrogen

The data on available nitrogen status of the soil after the experiment 

(Table 11) revealed significant difference between treatments. Available N status 

was maximum for the treatment Tg(120kgN  applied as 90 kg as CF, 30 kg as 

FYM and 60 kg K2O). Combined application of chemical fertilizers and FYM not 

only increase the efficiency of nitrogen fertilizer by slow release and prevent loses 

but also substitute the chemical fertilizer (Lowendorf, 1982). Similiar findings 

were reported by Ranjini(2002) on upland rice. Integrated use of fertilizer and 

organic manures improved the soil status has been amply indicated by Kishor et 

al. (2008). Biswas and Shukla (2010) reported that combined application of NPK 

and FYM favourably increased the initial nutrient status of soil whereas 

application of NPK alone shown depletion of initial nutrient status. Sharma and 

Sharma (1994) reported that the available nitrogen content of soil was increased 

due to FYM application. Integrated application of organic and inorganic fertilizers 

tended to increase the available nitrogen status of the soil might be due to the 

release of aliphatic and aromatic hydroxy acids, humates and lignins from organic 

manures which would release nutrients into the soil (Aruna et a l, 2012). Post soil 

fertility status revealed that the soil available nitrogen status increased 

progressively with incremental levels of N up to the highest dose tried (Rao et a l, 

2014). Higher N availability in the soil due to FYM addition might be due to 

continuous and slow release of nutrients from FYM, increased biomass and 

accumulated soil organic matter as reported by Ajaykumar (2015).

5A.2.2. Available Phosphorus

The treatment Tg (120 kg N applied as 90 kg as CF, 30 kg as FYM and 60 

kg K2O) recorded the maximum value of 15.29 kg ha"1 and was on par with T6
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and T9 (Table 11). Combined application of N, K and FYM registered a build up 

of available P in the soil. Application of organic manure increased the P status of 

soil. Organic materials like FYM formed a protective cover on sesquioxides and 

this facilitated reduction in the P fixation capacity of soil (Tandan, 1987). The 

integrated use of organic manures in plant nutrition not only increased the P 

supply to plants by direct enrichment, but also enhanced solubilisation of native P, 

accelerated the mineralization of added chemical P and reduced P fixation (Kutty 

and Anilakumaran, 1991). This might be due to the fact that during the 

mineralization of enriched organics, a number of organic acids, especially the 

hydroxyl ions (product of microbial metabolism) are produced, which released P 

through chelation or by removal of metal ions from the insoluble metal phosphates 

as observed by Mohandas and Appavu (2000). Similiar findings were reported by 

Ranjini (2002). Higher soil available P could be attributed to decomposition of 

organic manures in the production of organic acids which in turn stabilize native 

insoluble P and made it available for a longer period.

5.4.2.3. Available Potassium

The treatment T9 (120 kg N applied as 60 kg as CF, 60 kg as FYM and 60 

kg K2O) recorded the maximum value of 277.17 kg ha' 1 and was on par with Tg 

and T5 (Table 11). Ranjini (2002) reported higher available K in soils supplied 

with both organic and inorganic nutrients. Combined application N, K and FYM 

improved the available K status of the soil. The increase in available K might be 

due to the combined effects of addition of K through fertilizers and organic 

sources, and weathering of K minerals and loss of K from the soil including crop 

removal (Dutta and Yhome, 2014). Addition of organic manure increased the 

available potassium in soil due to reduction in K fixation and release of K 

(Ajaykumar, 2015).

5.4.2.4. Soil Organic Carbon

The treatment T9 (120 kg N applied as 60 kg as CF, 60 kg as FYM and 60 

kg K2O) registered the highest value of 0.69 per cent and was on par with Tg
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(Table 11). United application of organic and inorganic sources of nutrients 

increased the soil organic carbon status. Improvement in soil organic carbon 

status in plots treated with different organics continuously might be due to the 

stimulating effect of organics on growth and activity of microorganisms 

(Babhulkar et a l, 2000). Similar findings were reported in upland rice by Ranjini 

(2002). Higher organic carbon content of the soil might be due to the effect of 

integrated nutrient management on root growth, consequently resulted in the 

production of more biomass to soil (Kishor et al, 2008). Increase in organic 

carbon status of the soil due to FYM application was mainly due to addition of 

organic matter (Patnaik et a l, 1989). The increase in organic matter content could 

be attributed to the higher carbon released by FYM.

5.5. ECONOMIC ANALYSIS

The results of net return and BCR (Table 12) indicated that there was 

significant difference between treatments. The treatment Tg (120 kg N applied as 

90 kg as CF, 30 kg as FYM and 60 kg K2O) registered the maximum net return 

and BCR of Rs. 19149 ha' 1 and 1.62. Inclusion of organic sources along with 

chemical fertilizers increased the cost of cultivation but additional cost of these 

organic manures was compensated by the additional grain and straw yield of rice, 

which in turn gave higher B:C ratio. This was in accordance with the results of 

Ajaykumar (2015). Combined application of organic and inorganic nutrients 

enhanced crop yield resulting in higher net returns and BCR as compared to 

application of chemical fertilizers alone (Medhi et al, 2002). This is in agreement 

with the findings of Ranjini (2002).
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6. SUMMARY

A field experiment was conducted in the field of Sri. Ambu, Akshaya 

Koolome road, Madikkai, Kasaragod during the virippu season of 2015 to study 

the influence of different levels of N and K on growth, yield attributes, yield of 

upland rice and to assess the possibility of substitution of inorganic N by FYM. 

The soil of the experimental field was sandy loam belonging to the taxonomical 

order Inceptisol, acidic, low in available N, P and medium in available K. The 

experiment was laid out in randomised block design with 10 treatments with 3 

replications. The treatments were Tj - 80 kg N applied as 100% CF and 40 kg 

K2O, T2 - 80 kg N applied as 60 kg as CF, 20 kg as FYM and 40 kg K20 , T3 - 80 

kg N applied as 40 kg as CF, 40 kg as FYM and 40 kg K2O, T4 -100 kg N applied 

as 100% CF and 50 kg K2O, T5 -100 kg N applied as 75 kg as CF, 25 kg as FYM 

and 50 kg K2O, T6 - 100 kg N applied as 50 kg as CF, 50 kg as FYM and 50 kg 

K2O, T7 - 120 kg N applied as 100% CF and 60 kg K2O, Tg - 120 kg N applied as 

90 kg as CF, 30 kg as FYM and 60 kg K2O, T9 -120 kg N applied as 60 kg as CF, 

60 kg as FYM and 60 kg K2O and T10 - 60 kg N applied as 100% CF and 30 kg 

K2O. A dose of 30 kg P2O5 ha"1 was uniformly applied to all treatments. 

Observations were recorded on growth parameters such as plant height, number of 

tillers hill"1, LAI and dry matter production. The yield parameters like number of 

productive tillers m ", panicle length, panicle weight, 1 0 0 0  grain weight, total 

number of spikelets and filled grains panicle"1 were recorded at harvest stage. 

Grain and straw yield were recorded at the time of harvest and harvest index was 

computed. The physiological and chemical estimations like RLWC, protein 

content of grain, leaf temperature and stomatal conductance were recorded. The 

plant nutrients uptake and nutrient status in soil after the harvest were also 

estimated. Economics was worked out based on the existing local market price of 

inputs and produce. The data were tabulated statistically analysed and results of 

the study are briefly presented here under.

The treatments had a significant influence on plant height at 60 DAS and 

at harvest stage. Among the treatments, T9 (120 kg N applied as 60 kg as CF, 60
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kg as FYM and 60 kg K2O) produced the tallest plants at 60 DAS and at harvest. 

The Highest tiller production was noticed when N applied at 120 kg ha"1. At 60 

DAS, the treatment T9 (120 kg N applied as 60 kg as CF, 60 kg as FYM and 60 kg 

K2O) recorded the highest tiller number while, at harvest the treatment T7 ( 1 2 0  kg 

N applied as 100% CF and 60 kg K2O) produced highest tiller number. The LAI 

was significantly influenced by the treatments and application of 1 2 0  kg ha"1 with 

50 per cent substituted as FYM and 60 kg K2O ha"1 (T9) gave the highest LAI. The 

highest DMP was recorded by the treatment T9.

Application of 120 kg N ha' 1 with 50 per cent substituted by FYM and 60
Ikg K2O ha (T9) registered highest number of productive tillers m ", panicle 

weight, panicle length, total spikelets panicle"1, filled grains panicle"1 and 1 0 0 0  grain 

weight.

The highest grain and straw yields were obtained with the application of 

120 kg N ha"1 with 50 per cent substituted by FYM and 60 kg K2O ha"1 (T9) and 

was on par with 120 kg N ha"1 with 25 per cent substituted as FYM and 60 kg 

K2O ha"1 (Tg). The treatment Tg registered the highest HI.

RLWC was not significantly influenced by the treatments. Though not 

significant, nitrogen applied at 100 kg ha"1 with 50 per cent substituted as FYM 

and 50 kg K2O ha"1 (Tg) recorded the highest RLWC at panicle initiation stage, 

whereas T9 (120 kg N ha"1 with 50 per cent substituted as FYM and 60 kg K2O ha" 

l) recorded the highest value at flowering stage.

The treatment had a favourable influence on grain protein content. 

Application of 100 kg N ha' 1 as chemical fertilizer and 50 kg K2O ha' 1 (T4) 

recorded the highest grain protein content.

Though not significant, application of 100 kg N ha"1 with 25 per cent 

substituted as FYM and 50 kg K2O ha' 1 (T5) recorded the lowest leaf temperature 

and highest stomatal conductance.
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The uptake of N, P and K differed significantly. The highest uptake of N 

was recorded by the application of 120 kg N ha"1 with 25 per cent substituted by 

FYM and 60 kg K20  ha_1(Tg). The P uptake was highest for N applied at 100 kg 

ha"1 with 25 per cent substituted as FYM and 50 kg K20  ha' 1 (T5). The highest K 

uptake was recorded by the application of 120 kg N ha' 1 with 50 per cent 

substituted as FYM and 60 kg K20  ha' 1 (T9).

At post harvest stage, the soil physical properties like bulk density, 

porosity and water holding capacity were favourably influenced by treatments. 

The lowest bulk density and highest porosity values were recorded by the 

application of 120 kg N ha"1 with 50 per cent substituted as FYM and 60 kg K20  

ha"1 (T9). The highest water holding capacity was recorded by the application of 

100 kg N ha' 1 with 50 per cent substituted as FYM and 50 kg K20  ha' 1 (Tg).

The available nutrient of the soil was significantly improved by the 

application of treatments. At post harvest stage, soil available N and P2Os were 

found to be enhanced due to the application of 120 kg N ha' 1 with 25 per cent 

substituted by FYM and 60 kg K20  ha'^Tg). The highest value for soil available 

K20  was recorded by the application of 120 kg N ha' 1 with 50 per cent substituted 

as FYM and 60 kg K20  ha' 1 (T9).

There was significant increase in the organic carbon status of the soil after 

the experiment. The application of 120 kg N ha' 1 with 50 per cent substituted as 

FYM and 60 kg K20  ha' 1 (T9) recorded the highest organic carbon status of the 

soil.

The highest net return and benefit cost ratio was registered with 

application of 120 kg N ha' 1 with 25 per cent substituted by FYM and 60 kg K20  

ha'CTg).
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Future Line of Work

Nutrient irrigation interaction studies on upland rice under varying levels 

of shade offer tremendous scope in future. The possibility of foliar application of 

macro and micronutrients on upland rice at different growth stages has to be 

explored.
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ABSTRACT

The experiment entitled ‘Performance of upland rice (Oiyza sativa L.) as 

influenced by NK levels and FYM substitution’ was conducted in the field of Sri. 

Ambu, Akshaya Koolome road, Madikkai during the virippu season of 2015 to 

study the influence of different levels of N and K on growth, yield attributes, yield 

of upland rice and to assess the possibility of substitution of inorganic N by FYM 

(Farmyard Manure). The experiment was laid out in randomised block design 

with 10 treatments and 3 replications. The treatments were Ti - 80 kg N applied as 

100% CF (Chemical Fertilizer) and 40 kg K2O, T2 - 80 kg N applied as 60 kg CF, 

20 kg FYM and 40 kg K20, T3 - 80 kg N applied as 40 kg CF, 40 kg FYM and 40 

kg K2Os T4 -100 kg N applied as 100% CF and 50 kg K20, T5 - 100 kg N applied 

as 75 kg CF, 25 kg FYM and 50 kg K2O, T$ - 100 kg N applied as 50 kg CF, 50 

kg FYM and 50 kg K20 , T7 - 120 kg N applied as 100% CF and 60 kg K20 , Tg - 

120 kg N applied as 90 kg CF, 30 kg FYM and 60 kg K20 , Tg - 120 kg N applied 

as 60 kg CF, 60 kg FYM and 60 kg K20  and T10 - 60 kg N applied as 100% CF 

and 30 kg K20. A dose of 30 kg P2O5 ha' 1 was uniformly applied to all 

treatments.

The results of the experiment revealed that application of 120 kg N ha"1 

with 50 per cent substituted as FYM and 60 kg K20  ha' 1 significantly increased 

the growth and yield attributes such as height, leaf area index, number of 

productive tillers m'2, panicle weight, panicle length, total spikelets panicle'1, filled 

grains panicle' 1 and 1 0 0 0  grain weight.

Higher grain and straw yields were obtained with the application of 120 kg 

N ha' 1 with 50 per cent substituted by FYM and 60 kg K20  ha' 1 and was on par 

with 120 kg N ha' 1 with 25 per cent substituted as FYM and 60 kg K20  ha'1. 

Application of 120 kg N ha' 1 with 25 per cent substituted as FYM and 60 kg K20  

ha' 1 registered the highest harvest index.



Application of 100 kg N ha' 1 as chemical fertilizer and 50 kg K2O ha' 1 

recorded the maximum grain protein content. The uptake of N, P and K differed 

significantly. The highest uptake of N was recorded by the application of 120 kg 

N ha' 1 with 25 per cent substituted by FYM and 60 kg K20  ha'1. The P uptake 

was highest for N applied at 100 kg ha' 1 with 25 per cent substituted as FYM and 

50 kg K20  ha'1. The highest K uptake was recorded by the application of 120 kg 

N ha' 1 with 50 per cent substituted as FYM and 60 kg K20  ha"1.

The soil physical properties were favourably influenced by treatments. 

The lowest bulk density and highest porosity values were recorded by the 

application of 120 kg N ha' 1 with 50 per cent substituted as FYM and 60 kg K20  

ha'1. The highest water holding capacity was recorded by the application of 100 

kg N ha' 1 with 50 per cent substituted as FYM and 50 kg K20  ha'1.

The available nutrient status of the soil was significantly improved by the 

application of treatments. At post harvest stage, soil available N and P2Os were 

found to be enhanced due to the application of 120 kg N ha' 1 with 25 per cent 

substituted by FYM and 60 kg K20  ha'1. The Highest value for soil available K20  

was recorded by the application of 120 kg N ha' 1 with 50 per cent substituted as 

FYM and 60 kg K20  ha'1. There was significant increase in the organic carbon 

status of the soil after the experiment. The application of 120 kg N ha' 1 with 50 

per cent substituted as FYM and 60 kg K20  ha' 1 recorded the highest organic 

carbon status of the soil.

The highest net return and benefit cost ratio were registered with 

application of 120 kg N ha' 1 with 25 per cent substituted by FYM and 60 kg K20  

ha'1.

The results indicated that integrated use of organic and inorganic source of 

nutrients not only increased the growth, yield attributes and yield of upland rice, 

but also improved the soil physical, chemical properties and economics of 

cultivation.
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APPENDIX



Appendix I. Weather parameters during the standard weeks from 18 th to 36th

Standard week Temperature (°C) Relative 
humidity (%) BSS hours Rainfall

(mm)
Evaporation

(mm)Maximum Minimum
18 (Apr 30 - May 6 ) 33.07 23.44 76.00 6.71 15.00 3.99
19 (May 7-13) 32.57 22.79 79.00 2.27 89.30 3.00
20 (May 14 - 20) 32.11 23.86 79.43 4.03 11.80 2.56
21 (May 21-27) 32.90 25.14 76.36 5.93 1.90 3.97
22 (May 28 - June 3) 32.50 24.50 79.21 3.90 8 .1 0 2.93
23 (June 4-10) 31.46 20.67 82.14 2.81 95.00 1.77
24(June 11-17) 29.87 22.39 88.43 0.36 154.10 1.51
25 (June 18-24) 30.57 24.00 85.36 0.73 152.70 1.49
26 (June 25-30) 30.27 23.83 87.25 2.15 130.80 3.14
27 (July 1 - 7) 31.47 24.00 84.86 6.07 70.60 3.83
28 (July 8 - 14) 29.71 23.66 88.07 2.14 279.40 2 .2 0

29 (July 15-21) 28.50 23.37 93.71 0.37 385.40 1.53
30 (July 22- 28) 29.87 23.14 88.07 1.40 164.60 1.83
31 (July 2 9 -Aug 4) 30.71 23.04 88.71 2.46 58.80 3.16
32 (Aug 5-11) 29.93 23.29 89.14 0.53 214.50 2.49
3 3 (Aug 12-18) 30.23 23.77 86.43 2.19 88.30 2.80
34(Aug 19-25) 30.50 23.61 85.79 3.56 79.10 2.99
35(Aug 26- Sep 1) 30.89 22.96 83.00 2.76 108.60 4.00
36(Sep 2 - 8 ) 31.39 23.17 87.29 2.03 213.80 3.50


