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1. INTRODUCTION

Rice, popularly referred to as the ‘global grain’ is the first ever 

agricultural commodity to acquire an year designated as ‘International’ in its 

honour. Over the centuries, rice has sculpted the culture and for more than 

half of the humanity, rice is life. According to IRRI (1994), the number of 

people relying on rice as their major source of food would go upto 3.9 billion 

by 2025. Rice statistics of 2004-2005 shows that India producing 87.88 

million tones of rice from 43.08 million ha, ranked first in area and second in 

production (Subbaiah, 2006). Projection of India’s rice production target for 

2025 A.D. is 140 million tonnes, which can be achieved only by increasing 

the productivity to 3.20 t ha ' 1 from the present level of 2.04 t ha' 1 (Subbaiah, 

2006).

In Kerala, despite considerable investment and special attention given to 

rice, the fact remains that the area and production of the crop continues to 

decline. According to FIB (2007) the rice area of the state has drastically 

declined from 4.71 lakh ha (1995-’96) to 2.96 lakh ha (2004-’05) with the 

production declining from 9.53 lakh tonnes to 6.67 lakh tonnes. Many reasons 

have been attributed to this declining trend like low profit, marginal and sub 

marginal nature o f farming, scarcity of labour, vagaries of monsoon, etc. 

(Ajithkumar and Anitha, 2006). The increase in input cost at a pace far ahead 

to that of the price of the produce and the resulting low profit realized in rice 

cultivation is one of the main reasons for the large scale conversion of paddy 

lands for growing crops like coconut, banana, cassava and vegetables. This 

has threatened the very sustainability of the most traditional farming system of 

Kerala.



At a time when the traditional paddy fields are being wantonly reclaimed 

for real estate development and cultivation of other crops, attempts are needed 

for retaining the rice areas so as to serve for food security and environment 

security. The policy makers have identified basmati rice as one of the 

lucrative options, which can offer better returns to-the farmers. The fine grain, 

pleasant aroma, soft texture and extra elongation on cooking, endow basmati 

rice a special place in the domestic and international market (Siddiq, 1990). In 

India, basmati rice is cultivated in about 0.7 -  0.8 million ha, which accounts 

for about 1.7 -  1.8 percent of the total area under rice. The production of 

basmati rice is about 1.2 million tonnes with a productivity varying from 1.5 -

1.8 t ha"1 (Rani et al., 2006). Earlier it was believed that basmati could grow 

and produce quality grains, only in specific geographical areas of India and 

Pakistan. However, research efforts have shown that basmati can be 

successfully cultivated in other parts of India including Kerala (Sheena, 2002; 

George et al., 2005). The main criticism against scented rices like basmati is 

their low yield potential. But the high price of grains usually compensates for 

this. At present, the high demand for scented rices in Kerala is met by 

bringing aromatic rice from the neighbouring states of Tamil Nadu, Karnataka 

and Andhra Pradesh (Leenakumary et al., 2003).
4

The burgeoning population on one hand and the progressive shrinking 

of per capita availability of agricultural land on the other, have led to 

temporal and spatial intensification in agriculture, leading to the repeated 

use of chemical fertilizers in high amounts. The three major nutrients viz. 

nitrogen, phosphorus and potassium tend to flood the soil solution at the 

expense of minor ones and produce a situation of imbalanced nutrient 

supply. Natural resistance and fertility of the soil, dwindles and the soil 

demands more and more fertilizers to produce the same yield (Prakash et al., 

2003). This trend o f decline in land productivity is quite visible in Kerala 

where rice and rice based cropping systems are in vogue. Neglecting the



importance of soil organic matter in crop production and prolonged over use 

of soluble chemical fertilizers, apart from lowering the land productivity, 

have also increased pest and disease infestation, human health hazards and 

environmental pollution. Long-term fertilizer experiments in India have 

clearly demonstrated that in addition to fertilizers, the use of organic 

manures is essential to sustain crop productivity. At present, on an average, 

about 2 t ha-1 of organic manures are being used annually, which is far 

below the general recommendation o f 10 -  20 t ha ' 1 (IFA, 2007). The poor 

availability, imbalanced and inconsistent nutrient content and high cost of 

transport, pose problems in promoting organic nutrition. Thus the 

conjunctive use of chemical fertilizers and organic materials in soil fertility 

management is considered as the alternative to come out o f the ‘vicious 

spiral’ o f agrochemical menace (Palaniappan and Annadurai, 1999). 

Integrated nutrient management is defined as a system approach wherein, 

all the possible components such as on-site resource generation, 

mobilization of off-site nutrient resources, resource integration and 

management are given equal importance (Agrawal, 2006).

The application of organic matter itself is often regarded as a panacea to 

sustain higher levels of productivity coupled with environmental safety 

(Verma et al., 2006). Integrated use of organics with inorganics enables to 

conserve the nutrients, release nutrients at a slower rate and improve the 

physico-chemical and biological conditions of the soil. However, the 

variations in the quantity and proportion of N, P and K limit the efficiency of 

organic manures. Hence, the challenge is to combine organic manures of 

different quality with chemical fertilizers to optimize nutrient availability 

(Palm et,al.( 1997). Basmati rice responds well to integrated plant nutrient 

supply systems, in terms of yield, quality and aroma (Dutta et al., 1999). 

Organic farming is reported to have favourable effects on rice qualities under 

long term application.



Keeping all the above in view, the present investigation was undertaken 

to evaluate the impact of integrated nutrient management on the productivity 

and quality of the scented rice variety, Pusa Basmati-1.

The objectives of the study were

a  To evaluate the efficiency of different nutrient management practices on 

the yield and quality of basmati rice.

□ To assess the effect of adopting organic nutrition in basmati rice, in 

terms of yield and quality.

□ To study the impact of integrated nutrient management on soil fertility.

□ To assess the economic feasibility of adopting integrated nutrient 

management in basmati rice.





2. REVIEW OF LITERATURE

Aromatic or scented rice constitute a small but special group of rice, which 

are considered best in quality. Among these, basmati is the costliest rice in the 

world. An experiment was undertaken to study the impact of integrated nutrient 

management on the productivity and quality of basmati rice and to compare its 

feasibility as against the standard practice. The research work done in these 

aspects is reviewed in this chapter. Since the research work done on integrated 

nutrient management with special reference to basmati rice is very limited, 

relevant literature on integrated nutrient supply systems in non-basmati rice was 

also reviewed, with emphasis on the effect of levels and sources of organics.

Increased interest in the practice of integrated nutrient management and 

organic agriculture was evinced during the last twenty five years and has 

generated world wide debate on the possibility of sustainable systems, which can 

be viable alternatives to conventional agriculture (USDA, 1980; Bezdicek and 

Power, 1984). Chemical residues were a major problem in modem agriculture and
f

could be minimized by resorting to organic agriculture (Sharma and Mittra, 1990).

The basmati type among them is accepted as characterized by superfine 

slender grain, exquisite aroma, sweet taste, soft texture and extra elongation with a 

least breath wise swelling on a cooking. Efforts are underway for the 

characterization and conservation of aromatic varieties (KAU, 1989; George 

et al., 2005). Aromatic or scented rices have occupied a prime position in Indian 

society not only because of their high quality but also because they have been 

considered auspicious (Ahuja et al., 1995). Significant yield increase was 

observed in rice crop following incorporation of organic wastes relative to control 

(Velayudham et al., 1996), Use of organic materials not only improves the status



of the soil but also helps to improve the physical, chemical and biological 

properties of soils leading to betterment of soil quality and also increase the 

fertilizer use efficiency (Dick and Gregorich, 2004).

2.1 EFFECT OF ORGANIC MANURES ON THE GROWTH AND YIELD

OF RICE

2.1.1 Effect on growth attributes

Incorporation of organic residues @ 10 t ha' 1 could influence the DMP in 

rice at maturity stage (Subbaiah et al., 1983). Satyanaryana (1986) and Budhar 

et al. (1991) reported significant effect of farm wastes and increasing levels of 

nitrogen on plant height and dry matter production. Sharma (1994) opined that 

plants with FYM application were taller with more tillers and dry matter than 

those grown without FYM.

Significant increase in plant height and LAI, of medium duration rice 

variety Pavizham with FYM @ 10 t ha"1 has been reported by Babu (1996). He 

also observed enhanced dry matter accumulation in rice with organic matter 

addition. According to Sudha (1999) different levels and sources of organic 

■manure application had no significant effect on LAI at any stage of growth of rice 

but showed significant influence on DMP at all growth stages of rice.

. Singh et al. (2000) reported that application of FYM @ 6.5 t ha-1 on dry 

weight basis increased the root length and root density significantly over control. 

Bridgit and Potty (2002a) stated that raising FYM levels increased the root 

number per plant and average root length and thereby paved way for improved 

crop growth.

Application of FYM @ 10 t ha -I produced better growth in terms of taller 

’ plants and more dry matter accumulation (Singh et al., 2002). The favourable



effect of organic manures in improving the growth attributes of rice has also been 

reported by Kumar et al. (2002) and Mahavishnan et al. (2004).

2.1.2 Effect on yield attributes

Prakash et al. (1990) observed considerable reduction in the chaff 

percentage of rice due to organic manure addition. FYM as a source of organic 

manure was effective in increasing the number of panicle m’2 in rice (Zia et al., 

1992).

Pramanik and Mahapatra (1994) reported that neem cake blended urea 

significantly influenced the yield attributes and yield. Sharma and Sharma (1994) 

and Rathore et al. (1995) observed significantly higher grain number panicle-1 and 

panicle number m-2 in rice with FYM application. Rathore et al. (1995) observed 

significant increase in the thousand grain weight of rice with FYM application.

Deepa (1998) recorded higher number of panicles in organically fertilized 

plots compared to untreated and inorganically fertilized ones. Organic manuring 

in rice could increase the thousand grain weight. Ranwa and Singh (1999) and 

Dwivedi and Thakur (2000) reported that organic manure application had no 

significant effect on thousand grain weight.

Sudha (1999) observed that organic manure application at different levels 

and through different sources could not produce any significant impact on the 

total and filled grains panicle-1 in rice. Pandey et al. (2001) observed the beneficial 

effect of organic manures in influencing the panicle weight of rice.

Bridgit and Potty (2002b) observed significant influence of FYM in 

increasing the number of filled grains and filling percentage. Treatment with 

neemsaar (mixture of oilcakes and cowdung, in which neem oil cake dominates)
'j

resulted in the highest number of panicles m- and filled grains in rice 

(Bhattacharya et al., 2004).



2.1.3 Effect on Yield

2.1.3.1 Grain yield

Kuppuswamy et al. (1992) observed that application of FYM @ 10 t ha 1 

increased the grain yield to 7.33 t ha"1 from 6.61 t ha"1 and also significantly 

enhanced the straw yield. Sharma and Mitra (1992) have also reported increase in 

rice grain yield by FYM. Zia et al. (1992) reported higher grain yields of rice with 

organic manuring through FYM.

Anilkumar et al. (1993) reported that continuous application of cattle 

manure alone in the first crop season gave 24 percent more yield than the 

complete chemical fertilizer source. Brar and Dhillon (1994) observed that grain 

yield of rice reached up to 6.7 t ha' 1 using 4 t ha"1 of FYM as against 4.1 t ha 1 in 

control plot. To maintain soil fertility at higher levels and to obtain higher rice 

yields, FYM should be applied each year in split doses rather than a single dose.

Porwal et al. (1994) reported that performance of neem cake blended urea 

and nimin coated urea applied either at planting or planting and panicle initiation 

stages, might be due to delayed conversion of ammonia form to nitrite form, there 

by improving and prolonging the availability of N to the rice crop.

Sharma (1994) stated 26 percent increase in yield of rice with the 

application of 10 t ha"1 of FYM. Sharma and Sharma (1994) also obtained 

significantly higher grain yields of rice through FYM incorporation.

Rathore et al. (1995) reported significantly higher grain yield of rice with 

FYM addition.

There was a linear increase in the yield of rice with the increasing levels of 

FYM, the maximum being with FYM at 10 t ha"1 (Tiwari et al., 2001).



Application of neemsaar (mixture of oilcakes and cow dung, in which neem 

oil cake dominates) increased the grain yield of rice over chemical fertilizers 

(Bhattacharya et al., 2004) Chaudhary et al. (2006) recorded significantly higher 

grain yield with neem cake blended urea, applied either at planting or panicle 

initiation compared to application of prilled urea at planting.

Roul and Mahapatra (2006) observed that application of N as granulated 

compost gave the highest grain yield of rice, and produced maximum number of 

panicle m"2, filled spikelets panicle' 1 and test weight. They also inferred that basal 

application of 40 kg N as FYM-conditioned urea in upland rice produced 62.2 

percent higher yield compared to basal application of 40 kg N ha' 1 as urea.

2.1.3.2 Straw yield and harvest index

Singh and Verma (1990) reported that application of FYM at the same level 

of fertilizers increased the grain and straw yields significantly as compared to the 

grain and straw yield recorded without FYM. Sharma and Sharma (1994) reported 

significant increase in the straw yield of rice with FYM incorporation. Babu 

(1996) could observe significant increase in the straw yield of rice variety 

Pavizham with FYM addition @ 10 t ha"1. However, he could not observe any 

significant impact on harvest index. Sudha (1999) and Sindhu (2002) reported 

that different levels and sources of organic manures could not significantly 

influence straw yield and harvest index. '

2.1.4 Effect on grain quality

Difference in quality characters of aromatic rice cultivars consequent to 

organic manure application have been reported by Tripathi et al. (1995) and Singh 

et al. (1997). Hemalatha et al. (2000) observed higher crude protein content in rice 

grains from plots treated with organic manures viz. FYM, dhaincha and sunhemp, 

than control plots. They also reported that incorporation of organics increased the



optimum cooking time of rice over control and the highest value was recorded by 

the incorporation of dhaincha @ 1 2 1 ha'1.

2.2 EFFECT OF ORGANIC MANURES ON NITROGEN USE EFFICIENCY 

AND NUTRIENT UPTAKE

2.2.1 Nitrogen use efficiency

Reddy and Prasad (1975) reported that neem cake possesses nitrification 

inhibitory properties and thus help in increasing the nitrogen use efficiency.

Rao and Prasad (1980) observed that neem cake + urea reduced leaching 

losses of nitrogen. It was also shown to reduce NH3 volatilization losses and thus 

improve the nitrogen use efficiency (Reddy and Mishra, 1983).

Padmaja and Veeraraghavaiah (1998) reported that addition of FYM 

@ 5 t ha' 1 improved the nitrogen use efficiency. Bandhyopadhyay and Sarkar 

(2003) revealed that 50 percent urea could be supplemented through FYM for 

higher NUE.

Singh and Singh (1994) reported that NUE in rain fed low lands might be 

improved with application of slow release nitrogen fertilizers like neem cake 

blended urea.

f

2.2.2 Nutrient uptake

Tiwari et al. (1980) reported an increase in the nitrogen uptake due to 

application of organic manure application. Varma and Dixit (1989) and Sharma 

and Mittra (1991) reported that in rice based cropping systems incorporation of 

FYM with or without chemical nitrogen, increased the NPK uptake in rice. " 

Pramanik and Mahapatra (1994) reported that neem coated urea increased N 

uptake in rice. Dhillon (1998) observed higher NPK uptake in rice -  wheat



cropping system, with the application of FYM as compared to absolute control 

and graded levels of nitrogen.

Rathore et al. (1995) reported that application of organic manures including 

FYM could increase NPK uptake in rice. On the contrary, Babu (1996) reported 

that the uptake of N, P and K by rice was not influenced by the application of 

organic manures, even @ 10 t ha'1. Tiwari et al. (2001) reported that the 

concentration of N,P and K in grain and straw increased significantly with the 

application of FYM@ 5 t ha'1.

Application of 10 t of FYM ha"1 to component Rabi crops (potato, mustard 

and wheat) in rice based cropping systems could supplement 25 percent NPK 

requirement of all component crops and increased the uptake of N, P and K by the 

crops (Khanda et al., 2005). Khan et al. (2006) observed that the application of 

FYM increased the total nitrogen uptake and attributed it to the favourable effects 

of organic manures on the physico-chemical properties of the soil

2.3 EFFECT OF ORGANIC MANURES ON THE AVAILABLE NUTRIENT

STATUS OF THE SOIL

Muthuvel et al. (1990) reported higher available N contents of soils under 

FYM application. More (1994) noted that the application of organic wastes and 

manures enhanced the soil organic carbon and available P and K.

Waghmer (1998) reported higher available NPK content in soil and with the 

application of FYM @ 10 t ha'1. Considerable improvement in available N status 

of soil due to the application of FYM has been reported by Gupta et al. (1998). 

Chellamuthu et al. (1998) found that K availability in soils was increased 

significantly by FYM application.

Application of organic wastes, irrespective of the sources recorded higher 

available K status of soil over no organics (Chithra and Janaki, 1999). Dubey and



Verma (1999) could observe the highest available N, P and K with poultry manure 

application. Sudha (1999) reported that organic manure addition at all levels could 

maintain the available N and P status of soil well above the original status before 

the experiment. Further, organic manure applied plots maintained a higher level of 

K in the soil after the experiment.

Charjan and Gaikwad (2005) stated that application of nutrients through 

organic manures reduced the losses of nutrients and ultimately increased the NPK 

balance of the soil. Application of FYM significantly increased the ammoniacal 

nitrogen content of soil and the increase reported was from 30.1 to 110.1 mg kg' 1 

soil (Duha et al., 2005). Another report by Singh et al. (2005) suggested that 

lowest amount of K was leached from FYM treatment (1.8 %) as compared to 

poultry manure (17.3 %), fertilizer K (15.8 %) and rice straw (14.4 %), thus 

conserving its availability in soil.

Roul and Mahapatra (2006) reported a continuous supply of nitrogen by 

organic manures and tying up of inorganic soil nitrogen, preventing its loss 

through denitrification, volatilization or leaching. Further, nitrogen enriched 

manures maintained a higher level of available N and P in soil for a longer period 

than fertilizer alone. They also found that cattle manure improved the organic 

carbon, P and K contents of soil. Khan et al. (2006) also reported an enhanced 

soil nitrogen supply due to FYM application.

2.4 EFFECT OF INTEGRATED NUTRIENT MANAGEMENT ON THE

GROWTH, YIELD AND QUALITY OF RICE

Nutrient supply is the key factor in crop production. But imbalanced 

fertilization is a matter of concern for sustained production. In spite of heavy 

inputs the crop yields are declining because of limitation of one or more micro 

nutrients (Swarup et al., 1998). Use of organic manures has been prescribed as the 

remedy to this declining trend in yield. However, organic sources alone cannot



meet the total nutrient requirement of modem agriculture and hence integrated use 

of nutrients is regarded as appropriate (Gawai and Pawar, 2006). Application of 

organic materials along with inorganic fertilizers led to increased productivity of 

the system and also sustained the soil health for longer period (Hegde and 

Dwivedi, 1992). Integrated nutrient management involves the judicious use of 

organic, chemical and / or microbial sources so as to sustain optimum yields and 

to improve or sustain the soil health to provide crop nutrition packages which are 

technically sound, economically attractive, practically feasible and 

environmentally safe (Ahlawat, 1997).

2.4.1 Effect on growth attributes

In an experiment conducted on INM at Regional Agricultural Research 

Station, Pattambi, Mathew et al. (1994) observed higher plant height and tiller 

count in rice with the combined use of FYM @ 10 t ha' 1 along with chemical 

fertilizers. Peeran and Sreeramulu (1995) found that application of FYM along 

with urea gave significantly taller plants than urea alone. Babu (1996) observed 

that integration of FYM @ 10 t ha 'lalong with chemical fertilizers could increase 

the plant height, tiller count, LAI and DMP of rice.

Jadhav et al. (1997), in a pot culture experiment conducted on rice with 

INM, observed that the DMP was highest with 25 percent substitution of urea 

with organic manure.

Integrated application of organic manure, inorganic fertilizers and 

biofertlizers significantly increased the growth and yield attributes of rice 

(Jeyabal, 1997).

Singh et al. (2000) opined that the combined application of FYM @

6.5 t ha-1 and RD of NPK (120:60:40 kg N, P2O5, K2O) produced almost double 

the root mass than NPK alone. The growth parameters viz., plant height, number



of tillers and dry matter content were significantly improved by the application of 

100 percent RDN through urea + 25 percent RDN through FYM. This was 

attributed to the adequate quantity of nitrogen made available to the crop, which 

in turn favoured vigourous and luxuriant growth.

Application of organic manure promoted growth of rice by increasing plant 

height (Bayan, 2000). Jha et al. (2004) reported that the application of inorganic 

fertilizers at 30:20:15 kg NPK ha"1 in combination with cow dung urine mix at 3 t 

ha' 1 significantly increased the plant height.

Integrated use of organic and inorganic manures accelerated the growth 

components compared to inorganic fertilizer application. The growth was more 

with NPK + FYM as compared to 100 percent NPK. Organic manures in 

combination with inorganic fertilizers were superior to application of inorganic 

fertilizers alone, in promoting growth of rice (Ganapathy et al., 2006).

2.4.2 Effect on yield attributes

Mathew et al. (1994) and Mondal et al. (1994) observed an increase in 

panicle number m"2, grain number panicle' 1 and thousand grain weight in rice with 

10 t ha' 1 FYM along with chemical fertilizers. Singh et al. (1998) noted an 

increase in the grain number panicle' 1 and thousand grain weight of rice with high 

NPK rates along with 7.5 t ha' 1 FYM. Panicle length, number of filled grains 

panicle"1 and 1000 grain weight increased significantly due to combined 

application of 100 percent RDN through urea + 25 percent RDN through FYM 

(Dwivedi and Thakur, 2000). Bastia (2002) reported that the number of panicles 

m'2, weight panicle’1, total grain panicle"1, filled grains panicle'1, test weight and 

grain yield were maximum for the treatment, FYM (5 t ha'1) + half the RD of 

fertilizers (30:15:15 kg NPK ha'1). Incorporation of composted coir pith @12.5 t 

ha"1 along with inorganic fertilizers increased the-productive tillers hill'1, grains 

panicle' 1 and test weight of rice (Parasuraman et al., 2003).



2.4.3 Effect on yield

Higher yield with integrated use of organic and inorganic fertilizers has 

been reported by many workers (Kundu and Pillai, 1992; Pandey et al., 1995; 

Chettri et al., 1998; Baggie and Bah, 2001; Pandey et al., 2001).

2.4.3.1 Grain yield

Saxena et al. (1983) observed that plots treated with neem cake-urea mixture 

(2:10) resulted in significantly higher grain yield than control. Combined use of 

organic and inorganic sources of N yielded better than inorganic sources alone. 

Budhar and Palaniappan (1997) reported that partial substitution of chemical 

fertilizers with green manure recorded yields, which were similar, or comparable 

with those obtained by the application of the entire RDF through fertilizers.

Roy et al. (1997) observed higher grain yield of rice with the combined 

application of NPK @ 90:60:90 kg ha' 1 along with 10 t ha'*of FYM. Dhillon 

(1998) obtained the highest production under 100 kg N ha"1 as urea combined with 

5 t of FYM.

Dubey and Verma (1999) revealed that the grain and straw yields of first 

and second season rice, obtained from the combined application of 50 percent 

■ NPK + 50 percent poultry manure or FYM were statistically comparable with 

NPK alone. Lakpale et al. (1999) noticed that pre-conditioning of urea with FYM 

and soil (1:3:1) gave significantly higher number of effective tillers, thousand 

grain weight and grain yield, than prilled urea. Saxena et al. (1999) reported that 

NPK @ 100:80:60 kg ha' 1 along with 10 t ha' 1 of FYM produced significantly 

higher yield of rice. Singh and Verma (1999) also reported that FYM+50 percent 

recommended NPK application gave the highest rice yields.



■J
The increased tiller number, panicle m ' , panicle length and grains per 

panicle observed under integrated nutrition leads to increased grain and straw 

yields. (Dixit and Gupta, 2000; Pandey et al., 2001). The results of long term trial 

in a rice-rice cropping system in Kerala, Orissa and Andhra Pradesh revealed that 

the application of 25-50 percent fertilizers in organic form gave the best yield 

stability (Katyal et al., 2000). Raju and Reddy (2000) found that application of 

50:50 and 75:25 (compost N: inorganic N) produced 8.5 percent and 5.7 percent 

more rice grain yield than 100 percent inorganic N.

Singh et al. (2000) observed that FYM with recommended dose of NPK 

(120:60:40 kg ha'1) gave the highest grain yield. Combined application of FYM 

contributed to yield increase of up to 50 percent than recommended NPK.

Neem cake blended urea + P and K resulted in significantly higher grain 

yield of rice, because of slow releasing and nitrification -  inhibition action of 

neem cake which maintained a synchronized supply of nitrogen, in pace with the 

crop demand (Singh and Singh, 1994; Singh et al., 2001b). Fifty percent and 75 

percent substitution of RDF with organic sources did not result in significant yield 

reduction (Sujathamma et al., 2001).

Sindhu (2002) observed that a fertilizer dose of 90:45:67.5 kg NPK ha' 1 

with 50 percent N applied as FYM and 50 percent as chemical fertilizer could be 

recommended for maximizing yield in basmati rice. Prakash et al. (2003) in their 

study on INM in basmati rice, var. Pusa Basmati-1, observed that application of 

organic manure including oil cakes, on balancing with chemical fertilizers to 

supply recommended dose of NPK favoured high dry matter production and grain 

yield as compared to application of chemical fertilizers alone.

Chettri and Mondal (2005), in a field experiment conducted at Kalyani, 

observed that the maximum grain yields of both rainy season (4.66 t ha'1) and



winter (5.47 t ha'1) rice were observed with 75 percent of RD of nitrogen, 

phosphorus and potassium through fertilizers along with FYM @ 101 ha'1.

Higher yield and N uptake in rice crop could be achieved by the combined 

application of 100 percent RDN through urea + 25 percent RDN through FYM 

(Mrudhula et al., 2005). The conjunctive use of 75 percent N through fertilizer 

and 25 . percent N through bulky organic manures like FYM or vermicompost, 

significantly increased the mean rice yield as compared to the application of 

recommended nitrogen as fertilizer (Aruna and Mohammad, 2005).

Barik et al. (2006) observed that the highest grain and straw yields were 

obtained in crops under 50 percent recommended fertilizer dose along with 10 

tonnes of vermicompost per ha, which was significantly higher than 100 percent 

recommended NPK fertilizers. Application of organic manures was reported to 

maintain soil fertility and to sustain higher crop yield levels in rice-rice crop 

sequence. (Reddy et al., 2006). Integrated use of organic and inorganic fertilizers 

was found to be effective in enhancing the productivity of the cropping systems 

(Roul and Mahapatra, 2006).

Substituting 50 percent of the inorganic nitrogen with neem cake was found 

to increase the grain yield in rice (Singh et al., 2006a). Panda et al. (2007) 

reported that higher yield was obtained in the NPK + FYM treatment and also 

concluded that balanced use of N, P and K fertilizers in conjunction with FYM 

was the best nutrient management option for obtaining higher and sustainable rice 

yield and for promoting soil health.

2.4.3.2 Straw yield

Mathew et al. (1994) observed a slightly reduced but statistically 

comparable straw yield for rice variety Jyothi with the integration of 10 t ha-1 

FYM along with chemical fertilizers in comparison to chemical fertilizers alone.



Babu (1996) observed significant increase in the straw yield of medium duration 

rice variety Pavizham up to 7.3 t ha-1 by the combined use of organic manures and 

inorganic fertilizers. Maximum straw yield for rice variety Kanchana was 

obtained during Kharif season through an integrated management, which provided 

50 percent recommended N through FYM and the rest through NPK fertilizers 

(Deepa, 1998- Pandey et al., 2001). Sudha (1999) reported that different levels 

and sources of organic manures could not significantly influence the straw yield. 

Lower straw yields by FYM treatments rather than 50 percent FYM + NP 

treatment have been reported by Sengar et al. (2000).

2.4.4 Effect on grain quality

Unnever et al. (1992) reported that rice grain quality was a multi 

dimensional character, composed of many components such as eating quality, 

cooking quality and nutritional quality. Nitrogen application at higher dosage 

increased the amylose content in long slender varieties (Rao et al., 1993). 

Suwanarit et al. (1996) reported that application of nitrogenous fertilizers 

adversely affected cooking and eating qualities of rice viz. aroma, softness, 

whiteness, stickiness and glossiness.

Singh et al. (1997) concluded that lengthwise expansion of rice on cooking 

without increase in girth could be considered as highly desirable trait in higher 

quality rice. Quality was defined as the degree of excellence possessed by the 

grain (Srivastava, 1997). Hemalatha et al. (1999) reported that incorporation of 

organic fertilizers along with the application of inorganic N significantly 

increased the crude protein content1 and optimum cooking time of rice grains. 

However, the elongation ratio of grains was not observed to be influenced by the 

treatments. Veenapal and Pandey (2000) could not observe any definite trend in 

the rice quality with the application of different sources of nutrients. According to 

the farmers’ perception, organic manures produce grains of better quality 

compared to inorganics (Singh and Singh, 2003). Organic farming has been



reported to favorably affect the rice qualities under long term application (Dhiman 

et al., 2003). Integrated nitrogen management resulted in higher values of quality 

parameters as compared to control (Adhikari et al., 2005).

2.4.4.1 Cooking characteristics

Juliano and Sakurai (1985) reported a definite relationship between the 

physico-chemical characters and cooking quality of rice varieties. 

Bandhyopadhyay and Roy (1992) defined cooking quality as the time required 

for proper cooking. Organic manures had no effect on rice cooking qualities 

(Jeong et al., 1996). Juliano (1998) quoted that gelatinization temperature and 

amylose content are important starch properties which influence cooking and 

eating characteristics, the others being kernel elongation and aroma.

2.4.4.1 .1  Optimum cooking time, grain elongation and volume expansion 

ratio

Govindaswamy and Ghosh (1970) observed a positive correlation between 

the cooking time and protein content of rice. Juliano (1979) observed that volume 

expansion, water absorption and resistance to disintegration of milled rice during 

cooking were directly related to amylose -  amylopectin ratio of starch. Juliano 

and Perez (1984) defined grain elongation ratio as the ratio of the length of 

cooked grain to that of raw grain. A study conducted by Gupta (1990) in West 

Bengal, revealed that the grain elongation and volume expansion ratios ranged 

between 1.22 to 1.74 and 3.81 to 5,45 respectively. Vardharaju et al. (2001) found 

that cooking time of raw rice samples ranged between 22 and 25 minutes. 

Lengthwise expansion without an increase in girth has been reported to be a 

highly desirable trait in high quality rice like basmati (Graham, 2002). Sindhu 

(2002) reported that the different sources on nitrogen, like FYM and 

vermicompost, had no significant effect on the optimum cooking time, grain 

elongation and volume expansion ratios of basmati rice. Reddy and Reddy (2003)



could not notice any statistically significant variation in the elongation ratio of 

rice due to different nitrogen management practices. Organic nutrient sources viz. 

FYM and compost performed comparatively well as inorganic fertilizers, in 

improving the cooking quality and grain elongation ratio of aromatic rice (Saha 

et al., 2007).

2.4.4.2 Nutritional composition

Chatterjee and Maiti (1985) reported that there is an ever growing need for 

grain to meet the energy and protein requirements. Rice provides up to 75 percent 

of dietary energy and protein for 2.5 billon people and specifically meets 68 

percent of the total energy and 69 percent of the total dietary protein requirements 

in South Asia (Juliano, 1990).

2.4.4.2.1 Crude protein, total starch, amylose and amylopectin content of rice

Kumari and Padmavathi (1991) found that volume expansion during 

cooking is directly affected by amylose content. Sikka et al. (1993) found that 

with increasing doses of nitrogen fertilizer, there was an increase in protein 

content. Singh (1993) stated that starch is a mixture of amylose and amylopectin. 

Aberg (1994) found that starch is the nutritional reservoir in plants. Degree of 

flakiness and volume expansion were observed to be determined by amylose 

content (Chikkalingaiah et ah, 1997). Devi et al. (1997) stated that proteins 

present in food were a mixture of several fractions and each fraction varied in its 

solubility. Juliano (1998) reported starch as the major constituent of rice and as 

such, starch and protein accounted for 98.5 percent of the constituents of milled 

rice. Amylose content ranged from 9-37 percent in the starch, corresponding to 

63-91 percent amyopectin. Amylose content was therefore regarded as an index of 

amylose/ amylopectin ratio (Dela and Khush, 2000).

Pillai (1998) observed higher crude protein in rice, with 75 percent of the 

RD of nitrogen as inorganics and 25 percent as FYM. Sources of nitrogen did not



produce any significant difference in the protein content of rice (Sindhu, 2002). 

The protein and amylose content varied significantly with the application of FYM 

in conjunction with chemical fertilizers ( Reddy andReddy, 2003).

2.4.4.3 Organoleptic qualities

. The ratio of amylose to amylopectin in starch, as influenced by amylose 

content is the chief influence on eating quality (Araullo et al., 1976). It correlates 

negatively with taste panel scores for cohesiveness, tenderness and gloss of the 

boiled rice (Chatterjee and Maiti, 1985). According to Fumio (2000), the main 

ingredients that affect the taste of rice are protein, starch, water and fat content. 

The author found that lower the protein content, better the taste. Lower amylose 

content meant more viscosity and vice versa. Yifang and Corke (2002) stated that 

amylose content influenced the texture of cooked rice.

2.4.5 Seed quality

Naidu (1987) concluded that, in cowpea, the application of FYM + NPK 

recorded the highest germination percentage and seedling vigour. Girija et al.

(1993) observed that seed quality, though a genotypic character, was greatly 

influenced by manuring practices. Integrated application of organics along with 

inorganics increased the seed viability. Isaac (1995) reported significant influence 

of organic manures on the vigour of okra seeds. Seed quality attributes like 

germination and vigour index remained unaffected with application of FYM, in 

groundnut (Hunje et ah,2006). Paramasivam and Balamurugan (2006) observed 

that the paddy seeds from the organic manure applied plots did not vary 

significantly in their germination percentage. Yadav and Srivastava (2006) found 

that germination and vigour index of organic wheat seed was more than seeds 

obtained from standard cultural and nutritional management.



2.5 EFFECT OF INTEGRATED NUTRIENT MANAGEMENT ON 

NITROGEN USE EFFICIENCY AND NUTRIENT UPTAKE

2.5.1 Nitrogen use efficiency

The ARE of flooded rice grown in Asia has been reported as ranging from 

22' - 40 percent of applied nitrogen (De Datta et al., 1988; Schnier et al., 1990). In 

some of these studies the values ranged from 34-64 percent. Prasad et al. (1992) 

reported that integrated N management was desirable for achieving higher NUE. 

Apparent recovery of nitrogen was highest with INM, indicating the benefits of 

integration of organic and chemical supplements.

Hussain et al. (2000) reported that while the ARE in low land rice grown in 

Philppines was 36 percent, the AE was 18 kg grain per kg of nitrogen applied. 

Green manure in combination with fertilizers increased the production capacity 

per kg of N applied ( Chakraborty et al., 2001).

Bandhyopadhyay and Sarkar (2003) revealed that 50 percent of urea-N 

could be supplemented through FYM. for higher NUE. The variety Pusa 

Basmati-1 responded to application of N, half as urea and half as FYM and 

resulted in the highest fertilizer N recovery by the crop (30.6 %) and the highest 

retention of fertilizer N in soil (39.1 %). While substituting the RD of nitrogen 

with FYM and vermicompost did not result in significant difference in the AE of 

applied nitrogen, the ARE was higher with vermicompost (Sindhu, 2002). Khan 

et al. (2006) reported that integrated use of urea with organic sources increased 

NUE in rice.

2.5.2 Nutrient uptake

Babu (1996) observed higher N and P uptake by medium duration rice with 

the integration of higher fertilizer dose along with 10 t ha 4 FYM. Deepa (1998) 

reported the highest N and K uptake, when 50 percent N was supplied through



FYM + 50 percent N through inorganic fertilizers and the highest P uptake, when 

25 percent of N was supplied through inorganic fertilizers, in the Kharif season.

Prilled urea with FYM + soil (1:3:1) built up higher N status in soil than 

prilled urea alone (Lakpale et al., 1999). FYM proved superior to biofertilizer with 

respect to nutrient uptake (Kumari et al., 2000). Combined use of organic manures 

and inorganic fertilizers was found to be significantly better than inorganic 

fertilizers alone for N uptake (Pandey et al., 2001).

Singh et al. (2001a) reported that the available soil N in case of 100 percent 

N treated plots was higher than urea + FYM plots after rice harvest. But the

organic carbon trend was reverse. The authors also found that substituting 50 

percent of the recommended N through various sources like FYM and green manure 

did not show any significant variation in the total uptake of N, P and K by rice.

Sujathamma et al. (2001) recorded the highest P uptake with 25 percent 

substitution with organic source. Ranjini (2002) reported that the highest uptake 

of nitrogen and potassium registered when 90 kg N ha-1 was applied with 25 

percent substitution through vermicompost whereas maximum phosphorus uptake 

was obtained upon the application of 90 kg ha' 1 with 50 percent substitution 

through vermicompost. Sindhu (2002) could not observe significant difference in 

the NPK uptake with different sources and levels of nitrogen.

Chettri and Mondal (2005) reported that N, P and K uptake was highest 

when the rice crop was fertilized with 75 percent of the recommended dose of N, 

P and K through chemical fertilizers along with 10 t ha _1 FYM applied at both 

Kharif and Boro seasons.

2.6 EFFECT OF INTEGRATED NUTRIENT MANAGEMENT ON

AVAILABLE NUTRIENT STATUS OF THE SOIL

Sharma and Mittra (1991) and Padmaja et al. (1993) reported that the 

application of FYM in combination with chemical fertilizers, improved the soil



fertility appreciably over the initial content. It improved the organic carbon and 

available NPK status of the soil. Varghese (1993) observed that the'organic 

carbon content of the soil remained unaltered with organic farming. Bellaki et al. 

(1998) concluded that 75 percent RDF + 25 percent through organic sources had 

better influence on P and K status of the soil. Dubey and Verma (1999) reported 

that available N increased to 276 kg ha"1 under 50 percent NPK + 50 percent 

poultry manure over the initial value of 220 kg ha"1. FYM used alone or in 

combination with chemical fertilizers improved the available N and P status of 

soil than the initial status (Bellaki et al., 1998; Chettri and Mondal, 1998; Sengar 

et al., 2000).

Singh et al.(2001b) observed a slight increase in the available N status of 

soil, by incorporating either total or part of N through organic sources as 

compared to N applied solely through prilled urea.

Katyal et al. (2001) showed that application of FYM at 5 t ha"1 in addition to 

RD of nitrogen @ 120 kg ha' 1 tended to increase the available soil P and K. While 

Sindhu (2002), in her study with different sources and levels of nitrogen in 

basmati rice, observed significant variation in the available K status of the soil, 

whereas, the available N and P remained unaffected.

Selvi et al. (2003) reported that the total nitrogen content, exchangeable Ca 

and Mg, available P and available K increased in plots receiving combined 

application of 100 percent NPK (90:45:17.5 kg ha'1) + FYM (10 t ha"1).

Jha et al. (2004) observed the highest potassium solubilisation in the 

treatments where inorganic fertilizers (60: 40:30 NPK kg ha’1) were applied in 

conjunction with FYM @ 5t ha '1. Increase in organic carbon and available 

phosphorus was pronounced in the treatments receiving organic manures in 

combination with chemical fertilizers-(Reddy et al., 2006).



2.7 DISEASE INCIDENCE

Ito and Sakamoto (1942) opined that the vulnerability of plants to disease 

with heavy N application is due to the accumulation of soluble N in plants, for 

unfavourable N and carbohydrate balance in plants.

Parcer and Chahal (1963) reported that heavy application of nitrogenous 

fertilizers increased the incidence of fungal diseases of rice. Phenolic and other 

compounds produced during decomposition of organic matter absorbed by the 

plants, conferred protection against pathogenic organisms (Flaig, 1984). Reddy 

et al. (1989) observed that the aromatic rice variety, Pusa Basmati-1 is highly 

susceptible to BLB. Bacterial leaf blight disease was found to be more serious 

under irrigated conditions and was a widely distributed and devastating disease of 

aromatic rice (Devadath, 1992).

Bhadoria et al. (2003) reported that the tolerance of rice plants to pathogens, 

measured in terms of grain yield was highest in the treatments with FYM. 

Integrated use of organics and inorganics, in general, reduced the incidence of 

most of the diseases in rice (Khan et ah, 2004).

2.8 ECONOMICS OF CULTIVATION

Hussain et al. (1991) reported the highest input cost for the application of 10 

t ha’1 of FYM alone than integrated approach in rice cultivation. Mathew et al.

(1994) noted the highest gross income, net income and BCR with the use of 66 

percent of recommended N, K20  and 33 percent P20 5 + 5 t FYM ha' 1 as 

compared to 100 percent recommended N, P20 5 and K20  and all the other 

inorganic - organic combinations. Tripathi and Chaubey (1996) opined that 

incorporation of FYM in combination with inorganic fertilizers economized the 

fertilizer need.



Sudha (1999) reported that different levels and sources of organic manures 

had no significant influence on the benefit cost ratio and the highest BCR of 1.59 

was recorded with the application of FYM @ 5t ha-1. Sindhu (2002) observed the 

highest BCR when 50 percent of the RD of nitrogen was applied as FYM. 

Balasubramaniyan (2004) stated that INM resulted in highest net returns and 

BCR. Higher gross and net returns and net return per rupee invested were 

observed under 50:50 ratio of poultry manure or FYM combined with chemical N 

in comparison to N applied as urea alone (Roul and Mahapatra, 2006). Singh et al. 

(2006b) observed that even though the cost of cultivation was marginally higher, 

integrated use of organic and inorganic fertilizers resulted in higher net income 

and BCR due to higher grain and straw yields.

In general, the perusal of the research done on integrated nutrient 

management showed that the integrated use of organics and inorganics helped in 

improving the productivity of rice and increased the returns realized by the 

farmers, without impairing, but maintaining or improving the soil fertility status.
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3. MATERIALS AND METHODS

The investigation entitled “Integrated nutrient management for Basmati rice 

{Oryza sativa L.) production” was taken up at the Cropping Systems Research 

Centre, Karamana, Thiruvananthapuram, Kerala, during September 2006 to 

January 2007. The main objective of the study was to assess the impact of 

integrated nutrient management on basmati rice in terms of productivity, quality, 

nutrient utilization efficiency and economics. The details regarding the materials 

used and the methods adopted for the study are presented in this chapter.

3.1 EXPERIMENTAL SITE

The experiment was conducted in the wetlands of the Cropping Systems 

Research Centre, Karamana, Thiruvananthapuram, a sub-station under the NARP 

(Southern Region), Kerala Agricultural University. The research station is located 

at 8° 29’N latitude and 76° 58’ E longitude, at an altitude of 33 m above mean sea 

level.

3.1.1 Soil

Prior to the experiment, composite soil samples were drawn from 0 - 15 cm 

layer of the soil and analyzed for its mechanical composition and chemical 

properties. The data on the mechanical composition and chemical nature of the 

soil of the experimental site are presented in Tables la  and lb respectively.

The soil of the experimental site was sandy clay loam, belonging to the 

taxonomical order Oxisol. It was acidic in reaction, high in organic carbon 

content, medium in available nitrogen, high in available phosphorus and low in 

available potassium status.



Table 1 a. Mechanical composition of the soil o f the experimental site

Sl.No. Fractions Content in soil (%) Method used

1 Coarse sand 72.0 Bouyoucos hydrometer 
method
(Bouyoucos,1962)

2 Silt 7.1

3 Clay 20.0

Textural class: Sandy clay loam .....

Table lb. Chemical properties of the soil of the experimental site

SI.
No. Fractions

Content 
in soil

Method used

1 Available N (kg ha-1) 351.60
(Medium)

Alkaline Permanganate Method 
(Subbiah and Asija, 1956)

2 Available P2O5 (kg ha'1)
90.21
(High)

Bray Colorimetric Method 
(Jackson, 1973)

3 Available K20  (kg ha'1)
107.52
(Low)

Ammonium Acetate method 
(Jackson, 1973)

4 Organic carbon (%)
1.94

(High)

Walkley and Black Rapid 
Titration Method 
(Jackson, 1973)

5 Soil reaction (pH)
5.3

(Acidic)

1:2.5 Soil solution ratio using 
pH meter with glass electrode 
(Jackson, 1973)

3.1.2 Cropping history of the field

The area was under a bulk crop of rice before the experiment.

3.1.3 Season

The experiment was conducted during the second crop season from 

September 2006 to January 2007.



3.1.4 Weather conditions

A warm humid tropical climate prevailed during the experimental period.

Data on weather parameters like temperature, rainfall, relative humidity and 

evaporation were obtained from the meteorological observatory at College of 

Agriculture, Vellayani. The average values of weather parameters recorded during 

the cropping period are given in Appendix-I and graphically presented in Fig.l. 

The mean maximum and minimum temperature ranged between 29.4°C and 

32.2°C and 19.9°C to 23.4°C respectively. The mean relative humidity ranged from

77.2 to 89.2 percent. A total rainfall of 1094.2 mm was recorded during the cropping 

period. The mean evaporation during the cropping period was 3.50 mm day"1.

3.2 MATERIALS

3.2.1 Crop variety

The basmati rice variety selected for the experiment was ‘Pusa Basmati-1’, 

the first ever non-lodging, semi dwarf, substantially photoperiod insensitive 

variety reported to have a potential yield of 4.5 t ha"1, released from the Indian 

Agricultural Research Institute, New Delhi. The variety is a hybrid derivative (F5 

generation) of the cross between Pusa 150 x Taroari Basmati. It has a duration of 

130-135 days and is reported to be resistant to brown leaf spot but susceptible to 

sheath blight and bacterial leaf blight.

3.2.2 Source of seed material

The seeds for the study were obtained from the National Seeds Corporation, 

Karamana, Thiruvananthapuram, Kerala.

3.2.3 Manures and fertilizers

Farm yard manure (0.50 percent N, 0.31 percent P2O5, 0.22 percent K20) 

and neem cake (2.57 percent N, 0.60 percent P20 5, 0.90 percent K20  ) were used
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Fig. 1. Mean weather param eters during the cropping period (September 2006 to January 2007)



as the organic sources. Urea (46 percent N), Ultraphos (33 percent P20 5) and 

Muriate of Potash (60 percent K20) were used as the inorganic sources for the 

experiment. The deficiency of phosphorus and potassium computed while* 

substituting the chemical fertilizers on nitrogen equivalent basis was compensated 

with Ultraphos and ash (4.2 percent K20 ) respectively.

3.3 METHODS

3.3.1 Design and layout

The experiment was laid out in randomised block design with 10 treatment 

combinations, replicated thrice. The layout plan of the experiment is given in 

Fig-2.

The details of the layout are given below.

Design : Randomised Block Design (RBD)

Treatments : (4 x 2) +2 = 10

Replications : 3

Gross plot size : 5 x 4m

Net plot size : 4.6 x 3.8m

3.3.2 Treatments

Treatments comprised combinations of two organic sources and four 

levels of inorganic substitution with organics compared against two controls. The 

controls were an absolute control (no organic or inorganic source of nutrients) and 

the standard dose of fertilizers (SDF).
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A. Organic sources

Mi

m 2

Farm yard manure (FYM)

Farm yard manure + Neem cake

B. Levels of inorganic substitution with organics

L,

L2

U

U

25 percent substitution 

50 percent substitution 

75 percent substitution 

100 percent substitution

C. Controls

Co

C ,

Absolute control

Standard dose of fertilizers (SDF)

The standard dose of fertilizers was fixed based on the standard nutrient 

dose of 90 : 45 : 67.5 kg N, P20 5, K20  ha"1 as reported by Sindhu (2002) , based 

on the research work conducted at Vellayani.

3.3.3 Treatm ent combinations

fimi : 25 percent SDF as FYM + 75 percent as chemical fertilizers (Tj) 

liin2 : 25 percent SDF as (FYM + neem cake) + 75 percent as chemical 

fertilizers (T2)

l2mi : 50 percent SDF as FYM + 50 percent as chemical fertilizers (T3) 

l2m2 : 50 percent SDF as (FYM + neem cake) + 50 percent as chemical 

fertilizers (T4)

Bmj : 75 percent SDF as FYM + 25 percent as chemical fertilizers (T5) 

l3m2 : 75 percent SDF as (FYM + neem cake) + 25 percent as chemical 

fertilizers (To)

Lmj : 100 percent SDF as FYM (T7)

Lm2 : 100 percent SDF as (FYM + neem cake) (Tg)

' Co : Absolute control (T9)

Ci ; Standard dose of fertilizers / Standard practice (Tio)



3.4 CROP HUSBANDRY

3.4.1 Nursery

3.4.1.1 Land preparation

The nursery area was ploughed, puddled and levelled after removing the 

weeds and stubbles.

3.4.1.2 Seeds and Sowing

Pre germinated seeds @ 80 kg ha"1 were broadcast . in the nursery area, 

during the third week of September, 2006. After 25 days, healthy seedlings were 

pulled out from the nursery and transplanted in the main field.

3.4.2 Main field

3.4.2.1 Land preparation

The experimental area was ploughed twice, puddled, levelled and weeds 

and stubbles were removed. The plots were laid out into three blocks with 10 plots 

each. The plots and blocks were separated with bunds of 30 cm width. Irrigation 

channels of 30 cm width were provided between the blocks.

3.4.2.2 Manures and fertilizers

FYM @ 5t ha' 1 was applied basally to all the plots except absolute 

control. FYM and neem cake (as per the treatments) were also incorporated 

at the time o f first ploughing. Urea, Ultraphos and MOP were applied to 

each plot as per the treatments after levelling the field. The entire dose of 

phosphorus and half the dose of nitrogen and potassium were applied 

basally. The remaining nitrogen and potassic fertilizers were applied in two



Plate 1. N urse ry  with 15 day  old seedlings o f  P usa  B a s m a t i -1

Plate 2. M ain field at 20  days after transp lan ting



equal splits, at maximum tillering and panicle initiation stage respectively. 

Ultraphos and ash were used to balance the deficiency of P and K, since the 

substitution of the SDF was done on nitrogen equivalent basis. Cow’s urine, 

diluted 20 times with water, was sprayed at fortnightly intervals upto the 

flowering stage, in all the treatments except controls.

3.4.2.3 Transplanting

Twenty five day old seedlings were gently uprooted from the nursery and 

transplanted in the main field. The seedlings were transplanted at the rate of two 

seedlings per hill, at a spacing of 20 x 10cm.

3.4.2.4 Weed management

Two hand weedings were done at 20 and 40 days after transplanting.

3.4.2.5 Water management

Standing water was maintained throughout the cropping period, with 

occasional drainage. The field was drained 15 days before harvest.

3.4.2.6 Plant protection

Incidence of bacterial leaf blight (BLB) at the grain filling stage warranted 

control measures. One spray of Streptocycline @ 50ppm was given for controlling 

BLB. Rats were common menace in the area where the experiment was laid out. 

They were controlled with rat poison baits containing zinc phosphide.

3.4.2.7 Harvest

The crop was harvested when the straw just turned yellow. The net plot area 

was harvested separately, threshed, winnowed and weight of grain and straw from 

individual plots recorded.



3.5 OBSERVATIONS

3.5.1 Plant sampling

Six plants were selected randomly from the net plot area of each plot as 

observation plants. Two rows from all sides were left as border rows.

3.5.2 Crop growth characters

3.5.2.1 Plant height

Plant height was recorded at maximum tillering, panicle initiation, 

flowering and at harvest stages using the method described by Gomez (1972). The 

height was measured from the base of the plant to the tip of the longest leaf or tip 

of the longest ear head, whichever was longer and the average was recorded in 

centimeters.

3.5.2.2 Tillers per square metre

Tiller count was taken from the tagged observation hills at maximum 

tillering, panicle initiation, flowering and harvest stages and the means worked 

out and expressed as number of tillers per square metre.

3.5.2.3 Leaf area index

LAI was computed at maximum tillering, panicle initiation, flowering and 

harvest stages, using the method described by Gomez (1972). The maximum 

width ‘w’ and length T  of all the leaves of the middle tillers of six sample hills 

were recorded and LAI was calculated using the relationship.

Leaf area of a single leaf = 1 x w x k

k - Adjustment factor (0,75 at maximum tillering, panicle initiation and 

flowering and 0.67 at harvest stage).



Sum of leaf area of 6 sample hills (cm2)
LAI = --------------------------------------------------------------

Area of land covered by the 6 sample hills (cm2)

3.S.2.4 Biomass partitioning

Biomass partitioning was done at harvest. The sample plants were 

uprooted, washed, plant parts (root, leaves, culms and panicle) separated, dried 

under shade and later oven dried to a constant weight. Dry weight of each plant 

part was recorded separately using an electronic balance, and expressed as the 

percentage of the total dry weight.

3.5.3 Yield and yield attributes

3.5.3.1 Productive tillers per square metre

The number of productive tillers were counted from observation hills at the 

flowering and harvest stages and expressed as the number of productive tillers per 

square metre.

3.5.3.2 Weight of panicle

The panicles were collected randomly from the net plot area, weighed and 

mean weight per panicle expressed in grams.

3.5.3.3 Spikelets per panicle

Number of spikelets per panicle was found out by counting the grains from 

the ten randomly selected panicles in each plot. The mean value was expressed as 

the number of spikelets per panicle.

3.5.3.4 Sterility percentage

Sterility percentage was worked out using the following relation ship.



Number of unfilled grains per panicle
Sterility Percentage =  x 100

Total number of grains per panicle

3.5.3.5 Thousand grain weight

One thousand grains were counted from the cleaned and dried produce from 

each plot and the weight recorded in grams.

3.5.3.6 Grain yield

The net plot area was harvested individually, threshed, winnowed, dried, 

weighed and expressed in kg ha'1.

3.5.3.7 Straw yield

Straw harvested from each net plot was dried in sun and the weight 

expressed in kg ha'1.

3.5.3.8 Harvest index (HI)

From grain yield and straw yield values, the harvest index was worked out 

using the following equation suggested by Donald and Hamblin (1976).

Economic Yield
HI = _________________

Biological Yield

3.5.4 Incidence of major pests and diseases

None of the major pests were observed beyond the economic threshold 

levels. There was severe incidence of bacterial leaf blight disease. The disease 

affected the entire plant. The percentage of disease incidence was calculated as



Infected plants in each plot
Disease incidence percentage =  x 100

Total number of plants in each plot

3.5.5 Quality attributes

3.5.5.1 Cooking properties

3.5.5.1.1 Optimum cooking time

Grain samples from the harvested lot of each plot were analysed and 

optimum cooking time determined by the method suggested by Hirrannaiah et al. 

(2001). For determining the optimum cooking time of grain samples, milled rice 

was screened visually and whole grains were collected. Samples of 10 g of rice 

were taken in a 250 ml vessel containing 150 ml slow boiling water over an 

electric stove (1.5kw). The cooking time was determined using glass plate opaque 

-  core method by drawing few grains periodically and pressing between two glass 

slides till no opaque portion or white core remained.

3.5.5.1.2 Volume expansion ratio

Volume expansion ratio or kernel expansion ratio was determined from the 

ratio between the cooked volume of rice to that of uncooked rice as per the 

method suggested by Pillaiyar and Mohandoss (1981).

3.5.5.1.3 Grain elongation ratio

Grain elongation ratio of grain samples was evaluated by the method 

suggested by Juliano and Perez (1984). Elongation ratio of grains was expressed 

as the ratio of the length of cooked kernels to that of the raw kernels. The length 

of ten cooked kernels and ten raw kernels was measured and mean length of 

cooked kernels was divided by mean length of raw kernels.



3.5.S.2 Chemical properties

3.5.5.2.1 Crude protein content

Crude protein content was computed by multiplying the nitrogen content of 

the grains with the factor 6.25. (Simpson et al., 1965).

3.5.5.2.2 Total starch content

Starch was estimated by the Ferric cyanide method suggested by Aminoff 

et al. (1970).

3.5.5.2.3 Amylose content

Amylose content was estimated by the method of Me Cready and Hassid 

(1943).

3.5.5.2.4 Amylopectin content

Amylopectin content of grains was determined as the difference between the 

total starch content and the amylose content of the grains.

3.5.S.3 Organoleptic qualities

Organoleptic qualities play an important role in evaluating the quality of a 

food product. The overall acceptability of basmati rice was evaluated by preparing 

vegetable pulav and organoleptic evaluation was done by a selected panel of 

judges using score cards. The judges were selected by conducting triangle test 

(Jellink, 1964). The major quality aspects included in the score cards were 

appearance, colour, flavour, doneness and taste. The test was conducted as per the 

standard procedure prescribed by'Swaminathan (1974).



3.5.6 Seed quality

3.5.6.1 Germination percentage

Pure seed fraction of the different treatments was tested for germination. 

Fifty seeds per treatment were sown on Whatman paper in Petri dishes of 9 cm 

size. The paper'was kept moist throughout the test period. The germinated seeds 

were counted starting from the fifth day after sowing upto fourteenth day as 

suggested by Agrawal (1994) and the germination percentage worked out.

3.5.6.2 Seedling vigour

Seeds selected randomly from each treatment were sown on the Whatman 

paper in Petri dishes. The seeds were allowed to sprout with daily watering and 

after fourteen days they were uprooted and length of roots and shoots measured 

from the collar region to the root tip and from the collar region to the base of the 

terminal bud respectively. The mean length of the roots and shoots were worked 

out. The seedling vigour index (VI) was calculated by adopting the formula 

suggested by Abdul-Baki and Anderson (1973) and expressed as a number.

VI = Germination percentage x (root length + shoot length)

3.5.7 Chemical analysis

3.5.7.1 Plant analysis

The whole plants and grains were analysed separately for their nitrogen, 

phosphorus and potassium contents. The samples collected from each plot at the 

time of harvest were dried to constant weight in an electronic hot air oven at 70°C, 

ground and passed through a 0.5mm sieve. The required quantity of samples were 

then weighed out accurately in an electronic balance, subjected to acid digestion 

.and nutrient contents were determined and expressed as percentage on dry weight 

basis.



3.5.7.1.1 Total nitrogen content

The total nitrogen was estimated by modified Microkjeldahl method 

(Jackson, 1973).

3. 5.7.1.2 Total phosphorus content

The total phosphorus content was estimated by Vanado molybdo phosphate 

yellow colour method. The intensity of colour developed was read in a Klett 

Summerson Photoelectric Colorimeter at 470nm (Jackson, 1973)

3. 5.7.1.3 Total potassium content

The total potassium content was determined using Flame Photometer 

method (Jackson, 1973).

3. 5.7.2 Uptake of nutrients

The uptake of N, P, and K by crops at harvest was calculated as the product 

of content of these nutrients and the respective plant dry weight and expressed in 

kg ha'1.

3.S.7.3 Soil analysis

Composite soil samples were collected before the start of the experiment 

and analysed to determine the available nitrogen, phosphonis and potassium 

contents. The mechanical composition and the pH were also determined. After the 

harvest of the crop, soil samples were taken from each plot separately and 

analysed for organic carbon, available N, available P20 5 and available K20 .

3.5.7.3.1 Organic carbon

Organic carbon content of soil was estimated by Walkley and Black’s 

rapid titration method (Jackson, 1973) and expressed in percentage.



3.5.7.3.2 Available nitrogen

Available nitrogen content of the soil was estimated by alkaline 

permanganate method (Subbiah and Asija, 1956) and expressed in kg ha-1.

3.5.7.3.3 Available phosphorus

Available phosphorus content of the soil (kg ha'1) was determined by 

Dickman and Bray’s molybdenum blue method using Klett Summerson 

Photoelectric Colorimeter. The soil was extracted with Bray’s reagent No.l 

(O.O3NH4F in 0.025 N HCL) ( Jackson , 1973).

3.5.7.3.4 Available potassium

Available potassium was determined in neutral normal ammonium acetate 

extract and estimated using flame photometer (Jackson, 1973) and expressed in kg 

ha'1.

3.5.8 Nitrogen use efficiency

The nitrogen use efficiency of the treatments tried was computed as per the 

formulae suggested by Fageria and Baligar (2005).

3.5.8.1 Agronomic efficiency (AE)

G f- Gu
AE = ____________

Na.

where, Gf is the grain yield of the fertilized plot (kg), Gu is the grain yield in 

unfertilized plot (kg) and Na is the quantity of nitrogen applied (kg). The AE was 

expressed as kg grain kg '1 N added.



3.5.8.2 Physiological efficiency (PE)

Yf - Yu
PE = ----------------

Nf - Nu

where, Yf is the total biological yield (grain plus straw) of the fertilized plot (kg), 

Yu is the total biological yield in the unfertilized plot (kg), Nf is the nitrogen 

accumulation in the fertilized plot in grain and straw (kg) and N u is the nitrogen 

accumulation by straw and grains in the unfertilized plot (kg). The PE was 

expressed in kg (grain+straw) kg'1 N uptake.

3.5.8.3 Agro physiological efficiency (APE)

G f -  Gu.
APE = ----------------

Nf -  Nu

where Gf is the grain yield in the fertilized plot (kg), Gu is the grain yield in the 

unfertilized plot (kg) Nf is the nitrogen accumulation in the fertilized plot in grain 

and straw (kg) and N u is the nitrogen accumulation by straw and grains in the 

unfertilized plot (kg). The APE was expressed as kg grain kg'1 N uptake.

3.5.8.4 Apparent recovery efficiency (ARE)

Nf -  Nu 
ARE = ------------------ x 100

N a

where Nf is the nutrient accumulation by the total biological yield (straw plus 

grain) in the fertilized plot (kg), Nu is the nitrogen accumulation by the total 

biological yield (straw plus grain) in the unfertilized plot (kg) and Na is the 

quantity of nitrogen applied (kg). The ARE was expressed in percentage.



3.5.8.S Utilization efficiency (UE)

The utilization efficiency was worked out as the product of ARE and PE and 

expressed as kg (grain+straw) kg'1 N added.

3.5.9 Economics of cultivation

The economics of cultivation was worked out based on the costs of the 

various inputs and products at the time of experimentation.

3.5.9.1 Net income .

Net income was computed using the formula.

Net income (Rs. ha'1) = Gross income - Total expenditure

3.5.9.2 Benefit cost ratio

Benefit Cost Ratio was computed using the formula

Gross income
BCR = ---------------------

Total expenditure

3.5.10 Statistical analysis

The data generated from the field trial were subjected to analysis of 

variance (ANOVA) as applied to Randomized Block Design (Panse and 

Sukhatme, 1985). Whenever the results were significant, the critical difference 

was worked out at five percent probability. The significance of the control 

treatments with the other treatment combinations was also tested. The scores 

obtained in the organoleptic test, being non-parametric in nature, were subjected 

to chi-square test and the mean ranks worked out.





4. RESULTS

The experiment entitled “Integrated Nutrient Management for Basmati 

Rice (Oryza sativa L.) Production” was taken up at the Cropping Systems 

Research Centre, Karamana, Thiruvananthapuram, during September, 2006 to 

January, 2007. The main objective of the study was to evaluate the relative 

efficiency of different integrated nutrient management practices on the yield and 

quality of basmati rice. The results of the experiment are presented in this chapter.

4.1 CROP GROWTH CHARACTERS

4.1.1 Plant height

The results on the plant height at different stages of crop growth viz. 

maximum tillering, panicle initiation, flowering and harvest are presented in Table 2.

The perusal of data showed that the organic sources did not have any 

significant influence on plant height at all stages of growth. Among the different 

levels of substitution, L4 (100 percent substitution with organics) recorded 

significantly greater plant height (61.42cm) at maximum tillering stage. In 

contrast, the levels of substitution had no impact on plant height at other stages of 

crop growth.

The organic sources and its interaction with the different levels of 

substitution had no significant influence on plant height. Comparing treatments 

with controls all the treatment combinations were significantly superior to the 

controls at the panicle initiation stage. Between the controls, in general, the 

absolute control was inferior to the standard practice. However, significant 

difference was observed at maximum tillering and flowering stages.



Table 2. Effect o f organic sources, levels o f substitution and their interaction on

plant height (cm)

Treatments Maximum
tillering

Panicle
initiation

Flowering Harvest

Organic sources
Mi 58.06 77.63 90.89 98.65
m 2 56.59 77.71 89.27 97.39

Levels of substitution
Li 56.20 74.70 86.87 95.28
l 2 = 56.00 79.53 87.82 96.09
L3 55.68 73.77 91.33 97.81
L4 61.42 82.68 94.30 102.90

Interaction effects
limi 55.67 71.82 91.87 .100.91
l)tn2 57.14 81.67 86.85 94.23
I2mi 54.53 71.80 92.87 98.58
l2m2 64.90 85.23 91.97 100.90
bm 1 56.73 77.59 81.87 89.66
l3m2 54.87 77.40 88.78 97.95
Umi 56.83 75.73 89.78 97.04
Lm2 57.93 80.12 96.63 104.91

Treatment mean 57.32 77.67 90.07 98.02
Controls

Absolute control 51.46 67.03 85.29 93.18
Standard practice 58.43 66.43 95.70 102.16

Control mean 54.95 66.73 90.50 97.67
SE: M 1.060 1.989 1.561 1.559

L 1.499 2.813 2.208 2.200
LM 2.121 3.979 3.123 3.111

CD: M NS NS NS NS
L 4.456 NS NS NS
LM NS NS NS NS

Treatments Vs 
Controls

NS S NS NS

Between controls S NS S NS
Between treatments 
(including controls) 6.302 NS NS NS



The comparison made between the treatment combinations including 

controls, revealed significant difference in plant height only at the maximum 

tillering stage. The plants in the treatment combination hm2 (50 percent 

substitution with FYM and neem cake) were significantly taller (64.90cm) than 

the other treatments. The plant height at all other levels of substitution was at par 

with standard practice.

4.1.2 Number of tillers per square metre

The number of tillers per square metre recorded at maximum tillering, 

panicle initiation, flowering and harvest stages are presented in Table 3.

The two organic sources, FYM and FYM + neem cake had no significant 

effect on the tiller number at all growth stages. However, different levels of 

substitution significantly influenced the tiller count at panicle initiation and 

flowering. L4 (100 percent substitution with organics) resulted in significantly 

higher number of tillers per square meter, both at panicle initiation (637.75) and 

flowering (720.33). At panicle initiation L4 was at par with L2 (50 percent 

substitution with organics) and at the flowering stage, the treatments L4, L2 and Li 

were on a par.

There was no significant interaction between the organic sources and levels 

of substitution as far as the tiller number was concerned. Considering the effects 

of treatments against the controls it was observed that the number of tillers per 

square metre at panicle initiation, flowering and harvest were significantly 

superior. Between the controls the absolute control was inferior to the standard 

practice at all the growth stages.

Significant difference was observed in the tiller count when the treatment 

combinations were compared including the controls, at the panicle initiation, 

flowering and harvest stages. The treatment combination I2m2 (50 percent 

substitution with FYM + rieem cake) recorded the highest number of tillers per 

square metre at these three crop growth stages.



Table 3. Effect o f organic sources, levels of substitution and their interaction on

the number o f tillers per square metre

Treatments Maximum
tillering

Panicle
initiation

Flowering Harvest

Organic sources
Mi 436.77 558.16 690.81 678.63
m 2 426.85 559.31 662.50 640.83

Levels of substitution
Li 400.05 531.60 666.52 650.72
l2 435.87 569.65 694.52 666.17
U 402.73 495.93 625.32 613.83
U 488.58 637.75 720.23 708.22

Interaction effects
limi 416.63 516.97 682.27 668.50
Iim2 449.93 558.60 681.63 670.07
l2mi 408.30 508.17 667.03 655.17
l2m2 472.20 648.90 732.30 720.80
l3mi 383.47 546.23 650.77 632,93
bm2 421.80 580.70 707.47 662.27
I4mi 397.17 483.70 583.60 572.50
l4m2 504.97 626.60 708.17 695.63

Treatment mean 431.08 558.73 676.65 659.73
Controls

Absolute control 250.00 329.66 447.13 430.06
Standard practice 469.36 638.16 717.33 705.20

Control mean 359.68 483.91 582.23 567.63
SE: M 22.089 17.025 14.939 164.62

L 31.239 24.076 21.127 23.280
LM 44.179 34.049 29.878 32.924

C D : M NS NS NS NS
L NS 71.538 62.773 NS
LM NS NS NS NS

Treatments Vs 
Controls

NS S S NS

Between controls S s S S
Between treatments 
(including controls) NS 101.171 88.776 • 97.827



4.1.3 Leaf Area Index

The perusal of the data on leaf area index presented in Table 4 showed that 

while the different organic sources did not influence the leaf area index 

significantly at the different growth stages, the levels of substitution had 

significant impact on this parameter at the harvest stage. The highest degree of 

substitution (L4) recorded the highest leaf area index (5.44) and was on a par with 

50 percent substitution (L2) and 75 percent substitution (L3).

The L x M interaction was observed to be significant at flowering and 

harvest. Both at flowering (6.17) and harvest (5.78) the treatment combination 

l2m2 (50 percent substitution with FYM + neem cake) was observed to be record 

the highest LAI. At flowering, l2m2 was at par with all the other treatment 

combinations except fimi. At harvest, l2m2 remained at par with hm\, I3m2 and 

Lpni. The treatments were found to be significantly superior to the controls, at 

flowering and harvest stages. A comparison between the two controls showed that 

the standard practice was significantly better than the absolute control at all the 

crop growth stages. Comparison between treatments including controls showed 

significant difference in the LAI at the panicle initiation, flowering and harvest 

stages. The treatment combination l2m2 (50 percent substitution with FYM + 

neem cake) was observed to support the highest LAI and was on a par with the 

standard practice.

4.1.4. Biomass partitioning

The results on biomass partitioning at harvest are presented in Table 5.

The organic sources, levels of substitution and their interaction had no 

significant influence on the percentage of biomass that accounted for the root 

weight. The absolute control was observed to be significantly superior in terms of 

the root weight (48.16 %) when compared to the standard practice (36.54 %). 

When the treatment combinations were compared after taking in to account the 

controls also, the absolute control had higher percent root biomass.



Table 4. Effect o f organic sources, levels o f substitution and their interaction on

leaf area index

Treatments Maximum
tillering

Panicle
initiation

Flowering Harvest

Organic sources
Mi '4.27 5.07 5.64 5.19
m 2 4.11 5.14 5.90 5.33

Levels of substitution
L, 4.10 4.87 5.49 4.96
l 2 4.10 4.98 5.85 5.34
l3 4.05 5.12 5.85 5.32
U 4.51 5.44 5.89 5.44

Interaction effects
hmi 4.10 4.59 4.96 4.49
lim2 4.17 4.90 5.69 5.22
I2mi 3.98 5.01 5.74 5.29
l2m2 4.83 5.78 6.17 5.78
l3mi 4.10 5.15 6.02 5.43
l3m2 4.04 5.06 6.01 5.46
l4mi 4.11 5.23 5.95 5.35
l4m2 4.18 5.12 5.61 5.10

Treatment mean 4.18 5.10 5.76 5.26
Controls

Absolute control 2.72 3.63 4.15 3.86
Standard practice 4.86 5.78 6.07 5.43

Control mean 3.79 4.70 5.11 • 4.65
SE: M 0.220 0.143 0.097 0.078

L 0.311 0.203 0.137 0.110
LM 0.411 0.287 0.194 0.156

C D : M NS NS NS NS
L NS NS NS 0.329
LM NS NS 0.576 0.466

Treatments Vs 
Controls

NS NS S S

Between controls S NS S S
Between treatments 
(including controls) NS 0.854 0.582 . 0.48.4
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Table 5. Effect of organic sou^B?tl)§yels of substitution and their interaction on

percentage biomass partitioning

Biomass partitioned
Treatments Root weight 

(%)
Shoot weight 

(%)
Panicle weight 

' (%)
Organic sources

Mi 33.42 43.65 23.45
m 2 35.17 38.87 25.94

Levels of substitution
L, 33.60 43.28 22.96
l 2 32.92 40.00 2-5.76
U 33.70 41.29 25.28
U 34.97 41.97 24.77

Interaction effects
limi 32.44 45.46 21.77
lim2 34.76 41.11 24.14
l2mi 33.52 43.39 23.09
l2m2 36.32 35.25 28.43
l3mi 33.15 42.03 24.94
I31112 34.24 40.56 25.61
l4mi 34.57 43.73 23.98
l4m2 35.37 40.20 25.57

Treatment mean 34.29 41.26 24.69
Controls

Absolute control 48.16 34.17 16.09
Standard practice 36.54 35.92 28.17

Control mean 42.35 35.04 22.12
SE: M 0.605 0.780 0.486

L 0.855 1.104 0.688
LM 1.210 1.561 0.973

CD: M NS 2.318 1.445
L NS 3.279 2.043
LM NS NS NS

Treatments Vs controls ' S S S.
Between controls S NS S
Between treatments 3.595 4.637(including controls) 2.889



The organic sources and the levels of substitution significantly influenced 

the percentage of biomass partitioned towards the shoot portion. Between the 

organic sources FYM (M|) and among the levels of substitution, Li (25 percent 

substitution with FYM) were observed to record higher percentage shoot biomass. 

The LxM interaction was not significant. The treatment combinations were 

significantly superior to the controls. But between the two controls there was no 

significant difference. The comparison made between the treatment combinations 

including controls, revealed that the percent shoot weight was highest (45.46 %) 

with the treatment combination, 1 imi.

The effect of the treatments on the fraction of biomass that contributed 

towards the panicle weight was significant. The combined application of FYM + 

neem cake (M2) and 50 percent substitution with organics (L2) were found to be 

superior. The L x M  interaction was not significant. The treatment combinations 

when compared against controls, proved to be better. The standard practice with 

28.17 percent of the total biomass in the panicle was much superior to the absolute 

control (16.09 %). In the comparison between the treatment combinations 

including the controls, the treatment combinations l2m2, l3in2, l4m2 and the 

standard practice were at par.

4.2 YIELD AND YIELD ATTRIBUTES

4.2.1 Productive tillers per square metre

The data on the effect of organic sources, levels of substitution and their 

interaction on the number of productive tillers per square metre at flowering and 

harvest stages of the crop are presented in Table 6.

The results revealed that 100 percent substitution of SDF with FYM + neem 

cake recorded more number of productive tillers per square metre at flowering

(442.38) and at harvest (404.70). At harvest, the treatment L4 was observed to be 

at par with L2 (50 percent substitution with FYM + neem cake).



Table 6. Effect o f organic sources, levels o f substitution and their interaction

productive tillers per square meter

Treatments Flowering Harvest
Organic sources

M X 403.87 376.24
m 2 377.89 353.03

Levels of substitution
L, 365.95 339.22
l2 392,92 365.37
l 3 362.27 349.25
l 4 442.38 404.70

Interaction effects
Iimj 375.57 350.53
hm2 377.17 352.83
l2mi 380.57 347.43
l2m2 482.17 454.17
l3mi 356.33 327.90
l3m2 408.67 377.90
l4mi 343.97 351.07
l4m2 402.60 355.23

Treatment mean 390.87 364.64
Controls

Absolute control 279.36 244.63
Standard practice 415.36 384.86

Control mean 347.36 314.75
SE: M 11.369 9.932

L 16.079 14.046
LM 22.739 19.864

C D : M NS NS
L 47.775 41.735

LM NS 59.023
Treatments Vs Controls S S
Between controls S S
Between treatments 67.564 59.023(including controls)



The interactive effect of organic sources in combination with different 

levels of substitution was observed to be significant at harvest. The treatment 

combination l2m2 (50 percent substitution with FYM + neem cake) recorded 

significantly higher number of productive tillers (454.17). The comparison of the 

treatments against the controls revealed that the treatments were significantly 

superior at flowering and harvest. The standard practice was significantly superior 

to the absolute control at both these stages.

In the comparison made between the treatment combinations including 

controls, I2m2 (50 percent substitution with FYM + neem cake) produced the 

maximum number of productive tillers both at flowering and harvest stages. At 

flowering the treatment combination, l2m2 was observed to be on a par with the 

standard practice.

4.2.2 Panicle weight

The perusal of the data presented in Table 7, revealed that organic sources, 

levels of substitution and their interaction failed to have a significant impact on 

panicle weight. The effect of treatments against the controls and the effect 

between the controls were also not significant. However the treatments were 

observed to be better than the controls with regard to panicle weight.

4.2.3 Spikelets per panicle

The results pertaining to the number of spikelets per panicle are presented 

in Table 7. The effect of the organic sources on the number of spikelets was not 

significant. On the other hand, significant effect was observed for the different 

levels of substitution, with L4 (100 percent substitution with organics) recording 

the highest number of spikelets (117.63) per panicle. Further L4 was on par with 

L2 (50 percent substitution with FYM and neem cake), which recorded 112.36 

spikelets per panicle.



Table 7. Effect of organic sources, levels of substitution and their interaction on 
panicle weight, spikelets per panicle, sterility percentage and thousand 
grain weight

Treatments Panicle
weight

(g)

Spikelets 
per panicle

Sterility
percentage

Thousand 
grain weight

(g)
Organic sources

Mi 2.16 110.47 11.79 21.56
m 2 2.35 113.30 10.69 21.68

Levels of substitution
L, 2.28 108.27 11.45 21.62
l2 2.39 112.63 11.67 21.78
U 2.31 109.00 11.41 21.48
U 2.48 117.63 10.43 21.60

Interaction effects
hmj 2.10 100.00 12.64 21.47
lim2 2.42 114.27 12.17 21.83
I2m] 2.20 105.53 12.23 21.33
l2m2 2.52 122.07 10.13 21.60
l3mi 2.48 116.53 10.26 21.77
bm2 2.39 111.00 11.16 21.73
Uni] 2.35 112.47 10.59 21.63
l4m2 2.30 113.20 10.73 21.60

Treatment mean 2.40 111.88 11.23 21.62
Controls

Absolute control 2.27 112.83 17.09 20.60
Standard practice 2.47 117.80 11.45 21.60

Control mean 2.02 115.30 14.27 21.33
SE: M 0.346 1.695 0.282 0.076

L 0.389 2.398 0.399 0.108
LM 0.478 3.391 0.564 0.153

C D : M NS NS 0.839 NS
L NS 7.125 NS NS
LM NS 10.077 NS NS

Treatments Vs 
Controls

NS NS s S

Between controls NS NS S S
Between treatments 
(including controls) NS ' n s 1.678 0.455



The L x M interaction was significant. The treatment combination l2m2 (50 

percent substitution with FYM + neem cake) was significantly superior (122.07) 

and was at par with lim2, bmi, l4mi and l4m2. The comparison made between 

treatments and controls and between the controls themselves proved to be non

significant.

4.2.4 Sterility percentage

The results on the sterility percentage as influenced by organic sources, 

levels of substitution and their interaction are presented in Table .7. The organic 

sources were found to exert significant influence on the sterility percentage. The 

combined application of FYM and neem cake (M2) was observed to result in a 

significantly lower percentage (10.69 percent) of sterility compare to FYM (Mi) 

alone (11.79 percent).

The different levels of substitution as well as the L x M interaction failed 

to exhibit any significant influence on this parameter. The treatments when 

compared against controls showed significant difference. The absolute control 

resulted in a higher sterility percentage (17.09) as against 11.45 percent sterility in 

the standard practice. The analysis done on sterility percentage between the 

treatment combinations including controls showed significance. The percentage of 

sterile grains was highest in the absolute control (17.09 percent) and least (10.13 

percent) in the treatment combination, l2m2 (50 percent substitution with FYM + 

neem cake).

4.2.5 Thousand grain weight

The perusal of the data presented in Table 7, revealed that the effect of 

organic sources, levels of substitution and their interaction were non-significant 

with respect to the thousand grain weight. The standard practice (21.6 g) was 

significantly superior to the absolute control (20.6 g).



Though significance was observed, when the treatment combinations were 

compared by including the controls also, all the treatment combinations were 

observed to be at par with the standard practice. The absolute control was 

significantly inferior.

4.2.6 Grain yield

The perusal of the results on grain yield presented in Table 8, showed that 

organic sources did not have significant impact on grain yield. Grain yield at 

different levels of substitution showed significant difference.

The treatment L4 (100 percent substitution with organics) resulted in the 

highest grain yield (2.21 t ha'1) and was on a par with L2 (50 percent substitution 

with organics) with a grain yield of 2.05 t ha'1. The interactive effect between the 

organic sources and levels of substitution was not significant.

The different treatment combinations when compared against the control 

showed significant variation. The absolute control was significantly inferior to the 

standard practice. The comparison made between the treatment combinations 

including controls, showed significance. The treatment combinations l2m2 (50 

percent substitution with FYM + neem cake) resulted in the highest grain yield 

(2.39 t ha'1) and was found to be at par with the standard practice (2.19 t ha-1).

4.2.7 Straw yield

The results presented in Table 8 indicated that organic sources, levels of 

substitution and their interaction had no significant influence on straw yield. No 

significant variation was observed between treatments and controls. Between the 

controls there was significant variation in straw yield.



Table 8. Effect of organic sources, levels of substitution and their interaction on 

grain yield, straw yield and harvest index

Treatments Grain yield 
( th a '1)

Straw yield 
( th a '1)

Harvest index

Organic sources
Mi 2.08 3.01 0.41
m 2 1.97 2.80 0.42

Levels of substitution
L, 1.91 2.81 0.41
l2 2.05 2.89 0.42
l3 1.92 2.86 0.42

. u 2.21 3.07 0.42
Interaction effects

limi 1.98 3.08 0.39
lim2 1.99 2.80 0.42
l2mi 1.94 3.13 0.40
l2m2 2.39 3.05 0.44.
l3mi 1.84 2.53 0.42
l3m2 2.10 2.98 0.41
l4mi 1.90 2.58 0.44
l4m2 2.02 3.10 0.40

Treatment mean 2.02 2.90 0.41
Controls

Absolute control 0.74 2.09 0.27
Standard practice 2.19 3.25 0.40

Control mean 1.47 2.67 0.33
SE: M 0.046 0.149 0.010

L 0.065 0.211 0.014
LM 0.092 0.298 0.020

C D : M NS NS NS
L 0.194 NS NS
LM NS NS NS

Treatments Vs controls S NS S
Between controls s S S
Between treatments 0.276 .NS 0.060 . 

.
(including controls)



The standard practice gave higher straw yield (3.25 t ha '1) compared to the 

absolute control (2.09 t ha'1). The comparison among the treatment combinations 

including the controls also proved to be not significant. However, it was observed 

that the standard practice gave the highest straw yield followed by the treatment 

combinations l2mi (3.13 t ha'1), Um2 (3.10 t ha'1) and Uni] (3.08 t ha'1).

4.2.8 Harvest index

Data summarized in the Table 8 showed that organic sources, levels of 

substitution and their interaction had no significant influence on harvest index.

The treatments versus controls comparison proved significant. Between 

the two controls, the standard practice with a harvest index of 0.40 was 

significantly superior to the absolute control (0.27). The comparison made 

between treatment combinations including controls showed significance. Except 

limi (25 percent substitution with FYM) and absolute control all the other 

treatment combinations including the standard practice were at par. The treatment 

combinations l2m2 and Umj resulted in the highest harvest index of 0.44.

4.3 INCIDENCE OF BACTERIAL LEAF BLIGHT DISEASE

The perusal of the data on the effect of organic sources, levels of 

substitution and their interaction on the percentage of Bacterial Leaf Blight 

incidence presented in Table 9, showed that none of the treatments or their 

■interactions had any significant influence on the incidence of BLB. A simple 

comparison made among the means showed that the treatment l2m2 (50 percent 

substitution with FYM + neem cake) and l4m2 (100 percent substitution with FYM 

+ neem cake)) had a comparatively lower percentage of disease affected plants.

All the other comparison made, like treatments versus controls, between 

controls and between treatments including controls'failed to exhibit significance 

on the percentage of disease incidence.



Table 9. Effect of organic sources, levels of substitution and their interaction 

percentage of disease incidence

Treatments Disease incidence (%)
Organic sources

Mi 26.24
m 2 24.24

Levels of substitution
L, 26.23
l2 26.77
U 27.30
U 20.67

Interaction effects
limi 26.60
lim2 23.27
l2mi 27.47
l2m2 19.63
bmi 30.27
l3m2 25.87
l4mi 27.13
l4m2 21.70

Treatment mean 25.24
Controls

Absolute control 25.03
Standard practice 21.73

Control mean 23.38
SE: M 1.548

L 2.190
LM 3.097

CD: M NS
L NS
LM NS

Treatments Vs controls NS
Between controls NS
Between treatments 
(including controls) NS



4.4 QUALITY ATTRIBUTES

4.4.1 Cooking properties

Cooking properties of rice were evaluated by determining the optimum 

cooking time, volume expansion, and elongation ratio.

4.4.1.1 Optimum cooking time

The results on the optimum cooking time as influenced by organic sources, 

levels of substitution and their interactions are presented in TablelO.

The optimum cooking time did not vary significantly between the organic 

sources, among the levels of substitution and among the different L x M treatment 

interactions. A simple comparison between the means indicated that L2 (50 

percent substitution with FYM) required a lower cooking time of 23.67 minutes 

compared to the other levels of substitution. Between the controls the absolute 

control took longer time (34.33 minutes) to cook properly compared to the 

standard practice (29 minutes) the market sample took 28 minutes to cook (Table 12).

4.4.1.2 Volume expansion ratio

The results on volume expansion ratio summarized in TablelO, also 

showed that the organic sources, levels of substitution and their interaction failed 

to have significant impact on this parameter.

Among the different treatment combinations lim2 (25 percent substitution 

with FYM + neem cake)) followed by l4mi (100 percent substitution with FYM) 

and I4m2 (100 percent substitution with FYM + neem cake) recorded higher 

volume expansion ratios of 4.27, 4.13 each respectively. The standard practice and 

the absolute control did not vary significantly. However, the standard practice 

(4.33) was slightly better than absolute control (3.73). The volume expansion 

ratios of grains'in the treatment combinations and the market sample (4.20) were 

more or less similar.



Table 10. Effect of organic sources, levels of substitution and their interaction on 

optimum cooking time, volume expansion ratio and grain elongation ratio

Treatments Optimum cooking 
time 

(min.)

Volume
expansion

ratio

Grain 
elongation 

ratio.
Organic sources

Mi 27,00 3.85 1.59
m 2 27.08 4.00 1.58

Levels of substitution
Li 31.00 4.00 1.56
l 2 23.67 4.03 ' 1.65
U 26.50 3.53 1.60
U 27.00 4.13 1.54

Interaction effects
hmi 30.00 3.73 1.54
lim2 22.33 4.27 1.63
l2mi 30.00 4.00 1.64
l2m2 25.67 4.07 1.56
l3mi 32.00 3.53 1.57
l3m2 25.00 3.53 1.68
Unii 23.00 4.13 1.56
l4m2 28.33 4.13 1.53

Treatment mean 27.04 3.92 1.58
Controls

Absolute control 34.33 3.73 1.57
Standard practice 29.00 4.33 1.50

Control mean 31.66 4.03 1.53
SE: M 1.583 0.184 0.033

L 2.-239 0.260 0.047
LM 3.166 0.367 0.067

C D : M NS NS NS
L NS NS NS
LM NS NS NS

Treatments Vs controls NS NS NS
Between controls NS NS NS
Between treatments 
(including controls)

NS NS' NS



4.4.1.3 Grain elongation ratio

The perusal of the data presented in TablelO, revealed that organic sources, 

levels of substitution and their interaction had no significant influence on 

elongation ratio.

Among the different treatment combinations, though not significant, l3m2 

(75 percent substitution with FYM + neem cake) followed by l2mi (50 percent 

substitution with FYM) resulted in higher grain elongation ratios of 1.68 and 1.64 

respectively.

No significant difference could be observed when the treatments were 

compared against the controls. The elongation ratio of grains was not significantly 

different between the absolute control (1.57) and the standard practice (1.50).

A wide variation could not be observed in the elongation ratio, between the 

market sample (1.61) and the treatment combinations.

4.4.2 Chemical properties

The chemical properties, which govern the nutritional quality of the grains, were 

assessed in terms of the crude protein, total starch, amylose and amylopectin contents.

4.4.2.1 Crude protein content

The results on the crude protein content are presented in Table 11.

The perusal of the data revealed that organic sources significantly 

influenced the crude protein content of the grains. The substitution of chemical 

fertilizers with FYM (Mi) was found to yield significantly higher crude protein in 

grain as compared to substitution with FYM + neem cake (M2). While Mi 

recorded 5.80 percent, M2 faired with 5.47 percent of crude protein.



Table 11. Effect o f organic sources, levels of substitution and their interaction on

crude protein, total starch, amylose and amylopectin content of the grain

Treatments Crude
protein

(%)

Total starch 
(%)

Amylose
(%)

Amylopectin
(%)

Organic sources
Mi 5.80 63.41 24.86 38.56
m 2 5.47 63.01 23.55 39.47

Levels of substitution
Li 5.60 65.38 24.37 41.02
l2 5.56 49.45 23.22 26.23
U 5.49 72.87 24.78 48.10
U 5.89 65.13 24.45 40.07

Interaction effects
limi 5.53 65.57 25.93 39.63
lim2 5.77 47.17 24.13 23.03
l2mi 5.70 78.33 24.47 53.87
l2m2 6.20 62.57 24.90 37.70
l3mi 5.66 65.20 22.80 42.40
l3m2 5.35 51.73 22.30 29.43
U m 5.29 67.40 25.10 42.33
Um 2 5.58 67.70 24.00 43.70

Treatment mean 5.63 63.20 24.20 39.01
Controls

Absolute control 4.23 62.50 29.53 32.96
Standard practice 5.61 79.03 29.73 49.30

Control mean 4.92 70.76 29.63 41.33
SE: M 0.063 2.160 0.490 2.157

L 0.089 3.055 0.693 3.050
LM 0.126 4.320 0.981 4.314

CD: M 0.187 NS NS NS
L 0.264 9.077 NS 9.064
LM 0.374 NS NS NS

Treatments Vs 
Controls

S S S NS

Between controls S S NS S
Between treatments 
(including controls) 0.385 12.838 2.915 12.819



The crude protein content was observed to differ significantly among the 

various levels of substitution. Hundred percent substitution of SDF with organics 

(L4) was significantly superior (5.89 %) when compared to other three levels, 

which were at par.

The crude protein content was observed to vary significantly among the 

different treatment combinations, with l2m2 (50 percent substitution with FYM + 

neem cake) recording the highest protein content of (6.20 %).

Comparison of the treatment combinations against the controls revealed a 

significant superiority for the treatments. Between the controls, the standard 

practice was significantly superior (5.61 %). The analysis made between the 

treatment combinations including controls also showed that, the treatment 

combination, where in 50 percent of SDF was substituted with FYM + neem cake 

(l2m2) was superior.

The market sample had 5.61 percent crude protein. Thus the treatment 

combinations were as good as the market sample, with respect to the protein 

content of the grains.

4.4.2.2 Total starch content

The effect of organic sources on the total starch content of the grains 

(Table 11) was insignificant. The different levels of substitution had a significant 

impact on the starch content. Among the levels of substitution, 75 percent 

substitution (L3) recorded the highest starch content (72.87 %). Further, L3 was 

found to be at par with 25 percent substitution (Lj) and 100 percent substitution 

(L4) levels.

The L x M  interaction was not significant. Between the controls, the 

standard practice (79.03 %) had 16.53 percent more starch than absolute control 

(62.50 %)



The comparison made between the treatments including the controls also 

proved to be significant with standard practice, I2ni] (78.33 %), Umi and l4m2 at par.

The mean starch content of market sample (68.39 %) when compared with 

the treatment combinations did not show apparent difference.

4.4.2.3 Amylose content

The results on the amylose content presented in Table 11, revealed that 

neither the organic sources, levels of substitution, nor their interaction had any 

significant effect on the amylose content of the grains.

Among the different L x M  interaction effects, hmj (25 percent substitution 

with FYM) recorded 25.93 percent amylose followed by l4mi (100 percent 

substitution with FYM) and l2m2 (50 percent substitution with FYM + neem cake).

The comparison made between the treatments against controls proved to be 

significant. No significant difference was observed with respect to amylose 

content between the absolute control and standard practice. The amylose content 

of the absolute control and the standard practice were significantly higher, even in 

a between treatments (including controls) comparison.

The market sample had an amylose content of 23.76 percent (Table 12).

4.4.2.4 Amylopectin content

The perusal of the data presented in Table 11 indicated a non-significant 

influence for the organic sources on the amylopectin content of the rice. The 

levels of substitution were observed to have a significant influence on this 

nutritional parameter of rice. The treatment L3 (75 percent substitution with 

organics) recorded significantly higher amylopectin content (48.10 %) and was at 

par with Li (25 percent substitution with organics) and L4 (100 percent 

substitution with organics).



Table 12. Cooking properties and chemical properties o f market sample

Cooking property / chemical property Value

Optimum cooking time (min.) 28.00

Volume expansion ratio 4.20

Grain elongation ratio 1.61

Crude protein content (%) 5.61

Total starch content (%) 68.39

Amylose content (%) 23.76

Amylopectin content (%) 44.63

Table 13. Mean rankings for appearance, colour, flavour, doneness and taste

Treatment
Rank means

Appearance Colour Flavour Dorieness Taste

limj 62.08 61.71 64.63 64.25 64.08

lim2 70.08 74.33 69.25 73.21 70.54

I2m] 60.04 46.88 55.58 61.96 58.29

l2m2 83.75 85.42 84.42 74.92 75.38

l3mj 56.87 63.14 54.71 60.88 56.63

l3m2 87.38 86.21 82.58 79.13 83.00

l4mi 62.92 63.04 65.50 65.75 . 68.33

l4m2 63.50 63.33 68.92 67.25 68.88

Absolute control 41.08 45.67 40.25 53.96 42.71

Standard practice 80.21 78.29 76.42 90.25 73.67

Market sample 63.5 63.58' 69.25 69.96 70.00



The L x M  interaction and the effect of the treatments as against the controls 

were not significant. Between the controls the standard practice recorded 

significantly higher amylopectin content (49.30 %) when compared to the 
absolute control (32.96 %). When the treatment combinations were compared 
including controls, the treatments l2mi (50 percent substitution with FYM+ neem 
cake) I4mi (100 percent substitution with FYM) l3mi (75 percent substitution with 

FYM) l4m2 (100 percent substitution with FYM + neem cake) and standard 
practice were at par.

The market sample analysed to contain 44.63 percent amylopectin (Table 12).

4.4.3 Organoleptic qualities

The quality attributes selected in this study were appearance, colour, 

flavour, doneness and taste. The mean rankings of the scores are presented in 
Table 13.

The highest rank for appearance (87.38) was obtained with the treatment 
combination, l3m2 (75 percent substitution with FYM+neem cake) followed by 

l2m2 (50 percent substitution with organics) and the standard practice. The market 

sample ranked fourth with a mean rank of 63.50. The appearance of the absolute 

control was poor (41.08).

The comparison made between the treatment combinations, controls and 

market sample revealed that, the grains produced by l3in2 (75 percent substitution 

with FYM+ neem cake) followed by l2m2 (50 percent substitution with FYM+ 

neem cake) and the standard practice acquired the first three ranks for colour, with 

mean rank values of 86.21, 85.42 and 78.29 respectively. Market sample was 

assessed to a mean rank value of 63.58 and ranked only fifth.

The flavour was ranked to be the best (84.42) with the treatment 

combination, I2m2 (50 percent substitution with FYM + neem cake), followed by 
l3m2 (75 percent substitution with FYM + neem cake) with a mean ranking of 

82.58. The standard practice, with a mean ranking of 76.42 was the third best. The 

market sample and Iim2 (25 percent substitution with FYM + neem cake) were 
similar in flavour ranking (69.25).



The standard practice had the highest ranking for doneness (90.25) followed 
by l3m2 (75 percent substitution with FYM + neem cake) and l2m2 (50 percent 

substitution with FYM + neem cake) with mean rankings of 79.13 and 74.92 
respectively.

The mean ranking given by the panel of judges, judged l3m2 (75 percent 

substitution with FYM + neem cake) to have the best taste (83.00). The treatment 
combination l2m2 (50 percent substitution with FYM + neem cake) ranked second

(75.38) followed by the standard practice, which got a ranking of 73.67.

The absolute control was observed to possess a very poor ranking with 

respect to all the above quality attributes. In general, the treatment combinations, 

l3m2, l2m2 and standard practice were judged to be better than the market sample.

4.5 SEED QUALITY

The effect of substitution of chemical fertilizers with organics on the seed 

quality was studied in terms of germination percentage and seedling vigour.

4. 5.1 Germination percentage

The results on the effect of treatments on the germination percentage are 
presented in Table. 14.

The germination percentage was observed to remain unaffected by the 

organic sources, the different levels of substitution and their interaction. 

Irrespective of treatments, more than 90 percent germination was noted.

4. 5.2 Seedling vigour index

The data on seedling vigour (Table 13) also revealed a similar trend as that 

of germination. When the treatments were compared against the controls, the 

treatment combinations were significantly superior to the controls. Between the 
controls, the standard practice, recorded significantly, a higher vigour index 
(84.80) compared to absolute control (80.32).



Table 14. Effect of organic sources, levels of substitution and their interaction 

germination percentage and seedling vigour index

Treatments Germination
percentage

Seedling vigour 
index

Organic sources
Mi 95.33 114.99
m 2 95.00 102.36

Levels of substitution
Li 94.00 107.12
l 2 96.67 108.24
u 95.33 106.41
u 94.67 112.95

Interaction effects
bmi 92.00 108.73
lim2 97.33 111.11
l2mi 96.00 114.67
l2m2 96.00 125.45
l3mi 96.00 105.50
lsm2 96.00 105.36
l4mi 94.67 98.16
Um2 93.33 100.44

Treatment mean 95.16 108.60
Controls

Absolute control 92.00 80.32
Standard practice 92.00 84.80

Control mean 92.00 82.56
S E : M 1.202 4.704

L 1.701 6.660
LM 2.405 9.419

CD: M NS NS
L NS NS
LM NS NS

Treatments Vs Controls NS S
Between controls NS s
Between treatments

NS NS(including controls)



4.6 NUTRIENT UPTAKE

4. 6.1 Nitrogen uptake

The results summarized in Table 15 revealed that the organic sources alone 

had significant influence on nitrogen uptake. FYM (Mi) resulted in significantly 

higher nitrogen uptake (44.14 kg ha'1) when compared to the combined 

application of FYM + neem cake (39.92 kg ha'1).

The treatment combinations were significantly superior to the controls. The 

standard practice recorded significantly higher uptake values for nitrogen (48.42 

kg ha'1) compared to the absolute control (18.04 kg ha'1). The nitrogen uptake 

analyzed, between the treatment combinations including controls, revealed that 

the treatment combination l2m2 (50 percent substitution with FYM + neem cake) 

recorded the highest nitrogen uptake (51.28 kg ha'1) and was on a par with l2mi 

(50 percent substitution with FYM) l4m2 (100 percent substitution with FYM + 

neem cake) and the standard practice.

4. 6.2 Phosphorus uptake

From the data on phosphorus uptake in Table 15, it could be seen that, 

while the effect of the organic sources on phosphorus uptake was not significant 

the effect of levels of substitution and L x M  interactions were significant.

The highest substitution level (L4) resulted in maximum phosphorus uptake 

(19.76 kg ha'1) all the other levels were at par.

Among the different treatment combinations l2m2 (50 percent substitution 

with FYM + neem cake) was superior with a phosphorus uptake of 21.16 kg ha'1 

and was found to be-at par with the standard practice (19.29 kg ha'1).



Table 15. Effect of organic sources, levels of substitution and their interaction 

nutrient uptake at harvest

Treatments N uptake 
(kg ha-1)

P uptake 
(kg ha'1)

K uptake 
(kg ha'1)

Organic sources
Mi 44.14 16.41 60.06
m 2 39.92 17.17 56.12

Levels of substitution
Li 39.38 15.56 '52.79
l 2 41.26 15.90 55.48
l 3 40.29 15.93 59.10
L4 47.21 19.76 64.98

Interaction effects
Iinii 40.94 14.17 55.87
lim2 40.55 14.89 54.24
l2mj 43.79 15.40 , ■ 59.Q4
l2m2 51.28 21.16 71.08
bni] 37.81 16.94 49.72
bm2 41 .96 16.91 56.72
l4mi • 36.79 16.46 59.16
l4m2 43.13 18.35 58.88

Treatment mean 42.03 16.78 58.08
Controls

Absolute control 18.04 6.88 25.73
Standard practice 48.42 19.29 70.77

Control mean 33.23 13.08 48.25
SE: M 1.416 0.391 1.744

L 2.003 0.553 2.466
LM 2.833 0.782 3.488

C D : M 4.208 NS 7.329
L NS 1.643 NS
LM NS 2.324 NS

Treatments Vs Controls S S S
Between controls S S S
Between treatments 8.418 2.428 10.365(including controls)



4.6.3 Potassium uptake

The perusal of the data in Table 15 revealed that trend between the two 

organic sources, FYM (Mi) resulted in a higher potassium uptake (60.06 kg -ha'1) 

and was significantly superior to FYM + neem cake (M2).

The effect of the levels of substitution LxM interaction was not significant. 

The KL uptake in the standard practice (70.77 kg ha'1) was significantly higher than 

that of absolute control (25.73 kg ha'1).

The potassium uptake in the standard practice and in the treatment 

combination I2m2 (50 percent substitution with FYM + neem cake) was found to 

be at par, when the treatment combinations and the controls were compared 

together.

4.7 NITROGEN USE EFFICIENCY

The NUE of the different treatments were analysed in terms of agronomic 

efficiency, physiological efficiency, agro physiological efficiency, apparent 

recovery efficiency and utilization efficiency.

4.7.1 Agronomic efficiency

The results presented in Tablel6a indicated a significant influence for the 

different levels of substitution on the agronomic efficiency. L4 (100 percent 

substitution with organics) recorded the highest agronomic efficiency of 16.24 kg 

grain per kg of nitrogen applied. The other levels were at par.

The effect of organic sources and L x M  were non-significant. Significance 

was observed when the treatment combinations were compared including the 

control. The treatment combination I2m2 (50 percent substitution with FYM + 

neem cake) emerged out to be agronomically most efficient (18.30 kg kg "*) and 

was on a par with the standard practice (16.14 kg k g "').



Table 16a. Effect of organic sources, levels of substitution and their interaction 

on agronomic efficiency and physiological efficiency

Treatments Agronomic efficiency 
(kg grain kg "* N added)

Physiological efficiency 
(kg grain + straw 

k g N  uptake)
Organic sources

Mi 14.81 84.79
m 2 13.59 86.59

Levels of substitution
Li 13.00 86.53
l 2 14.50 88.49
U 13.06 • 84.04
l4 16.24 83.54

Interaction effects
hmi 13.78 94.54
lim2 13.89 83.00
l2mi 13.26 83.27
l2m2 18.30 78.00
l3mi 12.22 78.51
l3m2 15.11 93.97
Um 12.85 84.81
I41XI2 14.18 89.08

Treatment mean 14.19 85.64
Controls

Standard practice 16.14 84.99
SE: M 0.529 2.987

L 0.749 4.225
LM 1.059 5.975

CD: M NS . NS
L 2.24 NS
LM NS NS

Treatments Vs Control NS NS
Between treatments 3.176 NS(including control)



4.7.2 Physiological efficiency

The treatments and their interaction failed to have a significant impact on 

the physiological efficiency. Even the comparison between the treatments and the 

controls proved non-significant.

4.7.3 Agro physiological efficiency

The agro physiological efficiency also exhibited a trend similar to the 

physiological efficiency.

4.7.4 Apparent recovery efficiency

The results on apparent recovery efficiency summarized in Table 16b 

showed that both the organic sources and levels of substitution had significant 

effect. However, their interaction was found to be not significant. Between the 

organic sources, the apparent recovery efficiency was the highest (28.97 %) with 

FYM (Mi) as compared to FYM + neem cake (23.82 %). Among the different 

levels of substitutions L4 (100 percent substitution with organics) was 

significantly superior (32.37 %) and the other three levels were at par.

The apparent recovery efficiency of standard practice (33.72 %) was 

significantly superior to the treatment combinations. The comparison made 

between the treatments including the control revealed significance. Substituting 

50 percent of the SDF with FYM + neem cake (l2m2) resulted in the highest 

recovery efficiency (36.89 percent) and was at par with the standard practice and 

l2mi (50 percent substitution with FYM).

4.7.5 Utilization efficiency

The organic sources, levels of substitution and their interaction had no 

significant effect on the utilization efficiency. The comparison made as treatments 

versus control and between treatments including controls also proved to be non

significant.



Table 16b. Effect of organic sources, levels of substitution and their interaction 

on agro physiological efficiency, apparent recovery efficiency and 

utilization efficiency

Treatments Agro physiological 
efficiency 
(kg grain 

kg _1N uptake)

Apparent
recovery

efficiency
(%)

Utilization 
efficiency 

(kg grain + straw 
k g _I N added)

Organic sources
Mi 52.94 28.97 25.01
m 2 58.04 23.82 20.96

Levels of substitution
L, 57.45 23.68 20.90
l2 57.86 25.76 23.33 .
L3 56.49 23.77 20.61
U 50.25 32.37 27.10

Interaction effects
ljmi 57.91 25.42 24.70
lim2 57.03 24.98 21.68
l2mi 47.18 28.58 24.75
l2m2 49.62 36.89 28.86
l3mi 57.00 21.94 17.05
l3ni2 58.68 26.55 24.98
l4mi 65.79 18.96 16.47
l4m2 50.88 27.85 25.34

Treatment mean 55.51 26.39 22.98
Controls

Standard practice 48.07 33.72 28.97
SE: M 3.193 1.423 1.829

L 4.516 2.012 2.586
LM 6.387 2.846 3.658

CD: M NS 4.266 NS
L NS 6.033 NS
LM NS NS NS

Treatments Vs 
control

NS S NS

Between treatments 
(including control) NS 8.533 NS



4.8 SOIL FERTILITY STATUS AFTER THE EXPERIMENT

The fertility status of soil after the experiment was studied in terms of the 

organic carbon, available nitrogen, available phosphorus, and available potassium 

status.

4. 8.1 Organic carbon

The results on the organic carbon status of the soil after the experiment 

(Table 17) revealed a non-significant effect for organic sources, levels of 

substitution and their interaction.

All the comparisons made like the effect of treatments versus controls, 

between controls and between the treatments including the controls proved to be 

non-significant.

4. 8.2 Available nitrogen

The results pertaining to the available nitrogen status of the soil after the 

experiment are presented in Table 17.

The organic sources, levels of substitution and their interaction failed to 

influence the available nitrogen status of the soil. Though not significant, among 

the different treatment combinations, l3mi (75 percent substitution with FYM) 

resulted in more available nitrogen in the soil.

Significance was observed when the treatment combinations were compared 

against the controls. Between the controls the standard practice resulted in more 

available nitrogen (229.97 kg ha-1) in the soil in contrast to the absolute control 

(163.06 kg ha '*). The effect of treatments including the controls was significant. 

Except absolute control all the treatment combinations including the standard 

practice were at par.



Table 17. Effect of organic sources, levels of substitution and their interaction 
on organic carbon, available nitrogen, available phosphorus and 
available potassium status of the soil

Treatments Organic
carbon

(%)

Available 
nitrogen 
(kg ha-1)

Available 
phosphorus 

(kg ha'1)

Available 
potassium 
(kg ha'1)

Organic sources
Mi 1.24 231.02 51.88 91.84
m 2 1.16 229.97 63.38 111.17

Levels of substitution
L, 1.05 229.97 56.60 113.58
l 2 1.23 221.61 55.42 94.08
L3 1.24 236.26 65.74 95.32
l 4 1.27 234.15 52.77 103.04

Interaction effects
limi 0.86 213.25 46.57 98.56
hm2 1.48 234.15 54.24 80.64
h m 1.32 234.18 61.91 89.60
l2m2 1.31 242.52 44.80 98.56
l3mi 1.24 246.70 66.62 128.60
I31112 1.06 209.07 56.60 107.52
Um 1.17 238.33 69.57 101.04
Um2 1.15 225.79 60.73 107.52

Treatment mean 1.19 230.49 57.62 101.50
Controls

Absolute control 1.62 163.06 58.36 85.12
Standard practice 1.48 229.97 52.47 118.31

Control mean 1.55 196.51 55.41 101.71
SE: M 0.143 7.367 6.913 4.985

L 0.203 10.418 9.777 7.050
LM 0.287 14.734 13.827 9.971

C D : M NS NS NS 14.813
L NS NS NS NS
LM NS NS NS NS

Treatments Vs 
Controls

NS S NS NS

Between controls NS S S S
Between treatments 
(including controls) NS 43.779 NS NS



4.8.3 Available phosphorus

The results summarized in Table 17 revealed a non-significant effect for the 

treatment as well as their combinations on the available phosphorous status of the 

soil. However, substituting 75 percent SDF with FYM (Lmi) was found to record 

more available phosphorus in the soil after the experiment. The effect of the 

treatment combinations compared against the controls was also insignificant. 

Between the controls the absolute control recorded a higher available phosphorous 

content (58.36 kg ha'1) in the soil compared to the standard practice (52.47 kg ha'1). 

The comparison made between the treatments including controls gave a non

significant result.

4.8.4 Available potassium

The organic sources had significant effect on the available potassium 

content of the soil. The combined application of FYM and neem cake resulted in a 

higher available potassium status (111.17 kg ha'1) in comparison to the application 

of FYM alone (91.84 kg ha'1). The levels of substitution and L x M  interaction 

had no significant impact on the availability of this dynamic nutrient in the soil. 

However, rimj (75 percent substitution with FYM) maintained relatively higher 

available potassium in the soil. The standard practice was significantly superior in 

maintaining a higher available potassium status (118.31 kg ha'1) in the soil when 

compared to the absolute control (85.12 kg ha'1).

4.9 ECONOMICS OF CULTIVATION

The per hectare cost of cultivation for basmati rice worked out to Rs.35,000 

under the standard practice. The cost of cultivation for the other treatment 

combinations varied according to the treatments per se.

The data summarized in Tablel8 showed that the use of FYM alone for 

substituting chemical fertilizers (Mi) was more remunerative than the combined 

application of FYM and neem cake (M2), in terms of net income and BCR.



Table 18. Effect of organic sources, levels of substitution and their interaction 

the net income and benefit cost ratio

Treatments Net income BCR
Organic sources

Mj 27332.43 1.69
m 2 18531.32 1.43

Levels of substitution
U 23974.48 1.63
l 2 21813.98 1.50
L3 23339.93 1.60
U 22639.10 1.49

Interaction effects
limj 27804.03 1.74
lim2 24101.03 1.60
l2mi 25658.17 1.68
l2m2 31846.50 ~1 1.75
I3mi 20144.93 1.52
l3m2 19526.93 1.40
l4mi 21021.70 1.53
I4m2 13431.70 1.26

Treatment mean 22941.88 1.55
Controls

Absolute control -6344.96 0.81
Standard practice 35256.67 1.98

Control mean 14455.85 1.39
SE: M 1603.872 0.0401

L 2268.218 0.0567
LM 3207.745 0.0802

C D : M 4765.526 0.1192
L NS NS
LM NS NS

Treatments Vs Controls S S
Between controls S S
Between treatments 
(including controls) 9351.052 0.238

_



The different levels of substitutions had no significant effect. The L x M 

interaction was also not significant. The treatment combinations were 

significantly superior to the controls. Between the controls, the absolute control 

resulted in a loss and recorded a benefit cost ratio of less than 1 (0.810). In the 

comparison made between the treatment combinations including the controls, it 

was observed that the standard practice, bmi (25 percent substitution with FYM) 

and l2m2 (50 percent substitution with FYM + neem cake) were at par. While the 

standard practice recorded, a BCR of 1.98, the treatment combination hmjand 

l2m2 yielded a BCR of 1.74 and 1.75 respectively.

The results showed that the basmati rice responded well to integrated 

nutrient management. The study also aimed at checking out the feasibility of 

adopting 100 percent organic nutrition in basmati rice. The results revealed that L4 

(100 percent substitution with organics) recorded better growth attributes, yield 

and yield attributes, seedling vigour, nitrogen use efficiency, nutrient uptake, 

crude protein content and volume expansion.





5. DISCUSSION

The results of the study conducted to evaluate the efficiency of integrated 

nutrient management on the production potential and quality of basmati rice and its 

comparison with the standard practice, are discussed in this chapter.

5.1 GROWTH CHARACTERS

An appraisal of the results on plant height indicated a positive influence of the 

different levels of substitution at the maximum tillering stage. The entire quantity of 

fertilizers, substituted with organics was observed to be the best. Several workers 

reported the positive influence of substituting at least a part of the chemical fertilizers 

with organics (Johnkutty and Anilakumaran, 1991; Padmaja et al., 1993; 

Balasubramaniyan, 2004) on the plant height of rice. FYM produced better growth in 

terms of taller plants and more dry matter accumulation (Singh et al., 2002). The 

higher plant height obtained by substitution of chemical fertilizers with organics had 

been attributed to the rapid meristematic activity triggered by a better availability of 

plant nutrients, especially nitrogen (Crowther, 1935). The absolute control was 

significantly inferior to the standard practice. The role of balanced application of 

fertilizers in improving the growth of plants has been well documented.

The tiller number per square metre at the panicle initiation and flowering stages 

was significantly superior with 100 percent substitution of chemical fertilizers with 

organics (L4) Sharma (1994) observed that application of FYM alone or in 

combination with chemical fertilizers resulted in the production of more tillers in rice.

As in the case of plant height and tiller count, the LAI at the harvest stage was 

found to be higher with substitution of SDF with organics. The interaction between 

different levels of substitution and organic manures was significant at flowering and 

harvest stages. Fifty percent substitution with FYM + neem cake (bn^) proved 

superior. Irrespective of the treatments, the LAI was maximum at the flowering stage



and thereafter it declined (Table 4). This might be due to the reduction in the tiller 

number and size of the leaves during the later stages of growth (Sindhu, 2002). One of 

the major benefits of applying organics is that they improve nutrient availability to 

crops. According to Russel (1973) as the nutrient availability especially nitrogen 

increases, the extra protein produced allows the plant leaves to grow larger. Usman et 

al. (2003) reported that the application of organics in combination with chemical 

fertilizers produced the maximum LAI in basmati rice varieties.

The results on the ,percent biomass partitioning (Fig.3) indicated a non

significant effect of treatments on the root weight. On the other hand the effects were 

significant with respect to shoot weight and panicle weight. While the treatment 

combination, Lmi (25 percent substitution with FYM) produced a higher percent 

shoot biomass, the treatment combination, Lm2 (50 percent substitution with FYM + 

neem cake) resulted in a better partitioning of the total biomass to the panicle. Studies 

conducted by Trubat et al. (2006) indicated that under conditions of limited nutrient 

. supply the carbohydrate utilisation gets more localised towards the root portion. The 

absolute control had more root biomass compared to all the other treatment 

combinations. This might be due to the effect of deficient nutrient supply as reported 

by Trubat et al. (2006) who observed that the deficiency of major nutrients did not 

effect the below ground biomass accumulation or the root morphology. They also 

found that root length, root surface area, and the specific root weight were higher in 

the nutrient deficient plants. Whereas the application of chemical fertilizers in 

conjunction with organics might have improved the availability of nutrients to the 

plants and thus resulted in a better partitioning efficiency to the aerial portions.

5.2 YIELD ATTRIBUTES

The productive tiller count significantly improved with the substitution of 

chemical fertilizers with organics (Fig.4). Hundred percent substitution and 50 percent 

substitution were effective in increasing the productive tiller count. Integrated use of 

organic and inorganic fertilizers improved the number of productive tillers produced 

by rice as reported by Kumawat and Jat (2005). The beneficial effect of organic 

manure on the yield attributes like the number of productive tillers could be attributed 

to the supply of plant nutrients in an available form through the proper decomposition



M1 M2 L1 L2 L3 L4 Absolute Standard
control practice

Treatments

□  Root weight □  Shoot weight □  Panicle weight 

Fig. 3. Effect of organic sources and levels of substitution on the biomass partitioning (%)



and mineralization of organic manure and also on the solubilising effects of organic 

manure on the fixed forms of nutrients (Sinha et al.,1981). Chaudhary and Thakuria 

(1996) observed more number of productive tillers under integrated nutrient 

management due to the greater survival of tillers with organic manures owing to 

continuous and controlled supply of nutrients throughout the crop growth period.

The different treatment combinations did not influence panicle weight significantly.

Among the different levels of substitution 100 percent and 50 percent 

substitution levels produced more number of spikelets per panicle. Among the 

different treatment combinations, 50 percent substitution with a combination of FYM 

+ neem cake was found to be superior. Puste et al. (1996) found that substitution of 25 

percent of chemical fertilizers with organics produced significantly higher number of 

spikelets per panicle. The higher number of spikelets at higher levels of substitution 

can be attributed to a better supply of nutrients, minimizing the loss of nitrogen and 

potassium, which are highly mobile. The favourable effect of nitrogen and potassium 

in increasing the number of spikelets per panicle were previously reported by Khanda 

and Dixit (1996).

The combined application of FYM and neem cake (M2) resulted in significantly 

lower sterility percentage as compared to FYM alone (Mi). The levels of substitution 

and interaction effect were not significant. Organic manures, in general have been 

reported to maintain a better nutrient status in the soil. This in turn might have 

improved the photo synthetic efficiency of the plant and thereby increased the number 

of filled grains as observed by Nehra et al. (2001). The favorable influence of 

integrated nutrient management noticed in the present study can also be attributed to 

the increased availability of potassium following organic matter addition as reported 

by Ganal and Singh (1990). Bridgit and Potty (2002b) opined that organic manures 

acted as facilitators for efficient translocation of carbohydrates to the grains and 

thereby reduced the sterility percentage in rice.

Thousand grain weight did not vary significantly among the different 

treatments. This yield attribute is a stable varietal character because the grain size is 

rigidly controlled by hull. Hence the grains cannot grow to a size greater than that
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Plate 4. G enera l  view  o f  the ex pe rim en t



perm itted  by the hull desp ite  the favourable  w eather co n d it io n s  and nutrient supply 

(Y osh ida ,  1981).

5.3 Y IE L D

5.3.1 Grain yield

T h e  g ra in  y ie ld  ( F i g .5) d i f fe re d  s ig n i f i c a n t ly  a m o n g  the  lev e ls  o f  

s u b s t i tu t io n .  H u n d re d  p e r c e n t  s u b s t i tu t io n  (L4) an d  50  p e r c e n t  s u b s t i tu t io n  w ere  

at par .  S ig n i f ic a n t  v a r ia t io n  w a s  o b s e rv e d  b e tw e e n  th e  t r e a tm e n t  c o m b in a t io n s  

and  c o n t ro l s ,  b e tw e e n  th e  c o n t ro l s  and  b e tw e e n  th e  t r e a tm e n ts  in c lu d in g  the 

c o n tro ls .  H o w e v e r ,  th e  e f f e c t  o f  o rg a n ic  s o u rc e s  o n  g ra in  y ie ld  w as  not 

s ig n i f ic a n t .

A m o n g  the  d i f fe re n t  t r e a tm e n t  c o m b in a t io n s  in c lu d in g  th e  c o n t ro ls ,  50 

p e r c e n t  s u b s t i tu t io n  o f  S D F  w i th  F Y M  + n e e m  c a k e  (I21112) p ro v e d  to  be 

s u p e r io r  an d  w a s  on  a p a r  w i th  s ta n d a rd  p ra c t ic e .

T h e  s u p e r io r i ty  r e v e a le d  by L 4 and  L 2 in t e rm s  o f  th e  n u m b e r  o f  t i l le rs ,  

LAI an d  p r o d u c t iv e  t i l le r s  m ig h t  h av e  c o n t r ib u te d  to  a h ig h e r  g ra in  y ie ld .  T h e  

b e n e f ic ia l  e f fec t  o f  s u b s t i t u t i n g  c h e m ic a l  fe r t i l i z e r s  w i th  o rg a n ic s ,  co u ld  be 

a t t r ib u te d  to th e  fac t  th a t  a f te r  p ro p e r  d e c o m p o s i t i o n  a n d  m in e ra l i s a t io n  the 

o rg a n ic  m a n u re s ,  m ig h t  h a v e  s u p p l ie d  a v a i la b le  n u t r i e n t s  d i r e c t ly  to the  p lan t  

as re p o r te d  by S in h a  et al. (1 9 8 1 ) .  O rg a n ic  m a n u r e s  m ig h t  h a v e  a lso  in c re a sed  

the  a d s o r p t iv e  p o w e r  o f  th e  so i l  fo r  c a t io n s  and  a n io n s ,  p a r t i c u la r ly  p h o s p h a te s  

and  n i t r a te s  an d  re le a s e d  th e m  s lo w ly  fo r  th e  b e n e f i t  o f  th e  c ro p  d u r in g  the 

e n t i re  c ro p  g ro w th  p e r io d  le a d in g  to h ig h e r  y ie ld  as  r e p o r t e d  by S in g h  et al. 

(1 9 8 1 ) .  S in d h u  (2 0 0 2 )  a ls o  fo u n d  th a t  50  p e r c e n t  s u b s t i t u t i o n  o f  ch e m ic a l  

f e r t i l i z e r s  w ith  o rg a n ic s  c o u ld  be  r e c o m m e n d e d  fo r  m a x i m iz i n g  the  y ie ld  o f  

b a s m a t i  in the  w e t la n d s .  H ig h e r  g ra in  y ie ld s  w e re  r e p o r te d  by S in g h  et al. 

(2 0 0 3 )  in b a sm a t i  w i th  75 p e r c e n t  o f  the  r e c o m m e n d e d  d o se  o f  fe r t i l iz e rs  

a p p l ie d  as  F Y M . F la ig  (1 9 7 5 )  re p o r te d  th a t  s o m e  o f  th e  lo w  m o le c u la r  

c o n s t i tu e n t s  o f  th e  o r g a n ic  m a n u re s  had  a f a v o u r a b le  in f lu e n c e  on p lan t  

m e ta b o l i s m .  F u r th e r  l ig n in  d e g r a d a t io n  p r o d u c ts  su c h  as  p h e n o l i c  c o m p o u n d s ,
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at lo w er c o n c e n tra t io n ,  a c te d  as p h y to h o rm o n e s  an d  e x e r te d  a la v o ra b le  e l le c t  

on th e  y ie ld  o f  r ic e .

T h e  c o m b in a tio n  o f  n eem  ca k e  an d  FY M  w a s  b e tte r  in  im p ro v in g  the  

g ra in  y ie ld . A p p lic a t io n  o f  n eem  ca k e  as  f e r t i l iz e r  an d  p e s t ic id e  is a t ra d it io n a l 

p ra c tic e . A p a rt fro m  th e  m a jo r  n u tr ie n ts  n eem  c a k e  a lso  c o n ta in s  c a lc iu m , 

m ag n e s iu m  an d  s u lp h u r  c o m p o u n d s  w h ic h  fa v o u rs  th e  c ro p  g ro w th  an d  y ie ld . 

F u rth e r  n eem  c a k e , w h ic h  h a s  b ee n  sh o w n  to  in h ib it  n i t r i f ic a t io n ,  m ig h t h av e  

re su lte d  in a d e s ira b le  s lo w  re le a s e  o f  n itro g e n  to  th e  p la n ts . T h u s  it m ig h t h av e  

h e lp ed  in s p re a d in g  th e  e f fe c t  o f  fe r t i l iz e r  o v e r  a lo n g e r  p e r io d  o f  tim e  by 

re d u c in g  lo sse s  th ro u g h  d e n i t r i f ic a t io n  an d  le a c h in g . S im ila r  o b s e rv a t io n s  w ere  

m ad e  by S in g h  e t a l. (2 0 0 1 a )  an d  B a la s u b ra m a n iy a n  (2 0 0 4 ) . S in g h  e t al. 

(2 0 0 6 a )  a lso  o b s e rv e d  th e  fa v o u ra b le  e f fe c t  o f  s u b s t i tu t in g  50 p e rc e n t 

re c o m m e n d e d  n i tro g e n  w ith  n ee m  ca k e  in in c re a s in g  th e  g ra in  y ie ld  o f  r ice .

5.3.2 Straw yield

T he s traw  y ield  did no t vary  s ig n ifican tly  am ong  the d iffe ren t trea tm en ts  

(F ig .5). B etw een  the  co n tro ls , the s tandard  p rac tice  reco rded  m ore  straw  y ield  than 

the abso lu te  con tro l. T he standard  p ractice , w h ere  in N P K  w as app lied  at ra tio  o f  

2:1 :1 .5  as chem ical fe rtilize rs  a long  w ith  FY M  should  have su pp lied  the p lan ts w ith 

m ore o r less the req u ired  quan tity  o f  n u trien ts  and  resu lted  in a h ig h er s traw  yield. 

T he abso lu te  con tro l m ig h t have su ffered  from  n u trien t defic iency  as ev id en ced  by the 

sign ifican tly  low er tille r co u n t and LAI.

5.3.3 Harvest index

T he o rgan ic  so u rces , levels o f  su b stitu tio n  and th e ir in te rac tion  fa iled  to have 

any im pact on h arv est index  (F ig .6 ). H ow ever, s ign ificance  w as o bserved  in 

com parison  m ade b e tw een  the trea tm en t co m b in a tio n s  includ ing  con tro ls . A harvest 

index o f  0.4 to 0.5 is be lieved  to be ideal for h igh y ie ld ing  v arie ties  to ach ieve 

poten tial p ro d u c tio n  (IR R I, 1994). T he in teg ra tion  o f  o rgan ics w ith  inorgan ics 

resu lted  in m ore o r less an  ideal harvest index . T he ab so lu te  con tro l w as sign ifican tly  

inferior in term s o f  the harvest index.
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5. 4 BACTERIAL LEAF BLIGHT INCIDENCE

T he incidence o f  B acteria l le a f  b light d isease  w as m ore  o r less un iform  

regard less o f  the trea tm en ts  tested . D evadath  (1 992) repo rted  B LB  as one o f  the m ost 

d ev asta tin g  d isease  a ffec tin g  a ro m atic  rices. P usa  B asm a ti-1 has been  reported  to be 

h ighly  suscep tib le  to  th is  d isease . P illai and A jith k u m ar (2 0 0 6 ) reported  that a 

co m b in atio n  o f  ra iny  w eath er, du ll w indy  days and  tem p era tu re  o f  22° -  26°C  favours 

the incidence o f  B LB . T h u s the  su scep tib ility  o f  the test varie ty , c lu b b ed  to g eth er w ith 

w eather conducive (F ig .l )  fo r d isease  d ev e lo p m en t and  sp read , m ay be the factors 

responsib le  for the u n ifo rm  in c id en ce  o f  the d isease .

5.5 Q U A L IT Y  A T T R IB U T E S  

5.5.1 Cooking properties

T he co ok ing  p ro p e rtie s  w ere  assessed  in te rm s o f  the  o p tim u m  cook ing  tim e, 

e longation  ratio  and  v o lu m e ex p an sio n  ratio . T he resu lts  are p resen ted  g raph ically  in 

F ig .7 .

T he trea tm en ts , th e ir in te rac tio n s  and the co n tro ls , d id  no t have any sign ifican t 

im pact on the co o k in g  p ro p erties . H ow ever a g eneralised  trend  cou ld  be observed  

am ong  the d iffe ren t levels  o f  substitu tion . S u b stitu tin g  50 p ercen t o f  chem ical 

fe rtilize rs  w ith  o rg an ic s  w ere  observed  to  have a low er co o k in g  tim e, h igher

e longation  ra tio  and v o lu m e ex p an sio n  ratio. T he g ra ins o b ta in ed  from  the abso lu te

contro l took  m ore tim e  to cook . T he  poor co o k in g  p ro p e rtie s  o f  basm ati rice grow n 

under nu trien t d e fic ien t co n d itio n s  have been p rev io u sly  rep o rted  by A zeez  and Shaft, 

1966). A dhikari e t al. (2 0 0 5 ) and  T ripath i et al. (2007) a lso  o b serv ed  a non-sign ifican t 

e ffec t for o rgan ic  fe rtiliza tio n  on the grain  quality  o f  basm ati rice.

A m ong  the d iffe ren t trea tm en t co m b in atio n s  lim 2 had the low est co ok ing  tim e 

and the h ighest v o lu m e ex p an sio n  ratio . T he e lo n g atio n  ra tio  w as h igher in I3ITI2. 

T hese trea tm en t co m b in a tio n s  w ere  b etter than  m arke t sam ple.
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It w as ob serv ed  th a t, th o u g h  no t sign ifican t, su b s titu tin g  at least a part o f  the 

chem ical fe rtilizers w ith  o rg an ic s  cou ld  m arg ina lly  im p ro v e  the co o k in g  q u a litie s  o f  

rice. S im ilar trends w ere  rep o rted  by A dhikari et al. (2005).

5. 5.2 Chemical properties

T he chem ical p ro p e rtie s  d e term in e  the nu tritiona l quality  o f  rice. 1 he nu tritiona l 

quality  o f  rice w as ev a lu a ted  by d e term in ing  the c rude  p ro te in , to tal starch , am ylose  

and the am ylopec tin  co n ten ts .

T he trea tm en ts  and  th e ir in teractions had a s ig n ifican t in fluence on  crude 

p ro tein  conten t. FY M  (M i) and  100 percen t su b stitu tio n  w ith  o rg an ics  (L 4) resu lted  in 

h igher p ro te in  co n ten t (F ig .8 ). T he h igher n itrogen  up take reco rded  by th is  trea tm en t 

m ay have con trib u ted  to  the  h ig h er p ro tein  co n ten t as ex p la in ed  by T isd a le  et al. 

(1995). S im ilar re su lts  w ere  rep o rted  by A dhikari e t al. (2005). A m o n g  the d iffe ren t 

trea tm ent co m b in a tio n s  l2m 2 (50  percen t su b stitu tio n  w ith  FY M  + neem  cake) w as 

found to be superio r. T h is  can  also  be a ttrib u ted  to the h ig h er n itrogen  up take 

recorded  by th is trea tm en t co m b in atio n .

T he m arket sam p le  reco rd ed  p ro tein  con ten t, w h ich  w as m ore  o r less s im ila r to 

that o f  the trea tm ents.

S u bstitu ting  75 p ercen t o f  chem ical fe rtilize rs  w ith  o rg an ic s  (L 3) gave the 

h ighest starch  co n ten t and  w as at par w ith  Li and  L4. S tarch  is the  m a jo r co n stitu en t in 

cereal g ra ins and is the n u tritio n a l reservoir. T he m arke t sam p le  and  the trea tm en ts  

did not show  ap p aren t d iffe ren ce  in the starch con ten t.

S tarch  is a m ix tu re  o f  am ylose  and am ylopectin . A m ylose  co n ten t, the m ajo r 

de term ina te  o f  co o k in g  and  ea tin g  charac te ristic s  d id  no t vary s ig n ifican tly  am o n g  the 

d iffe ren t trea tm en ts  (F ig .8 ). H ow ever, w hen  the trea tm en t co m b in a tio n s  w ere 

com pared  tak ing  in to  acco u n t the con tro ls  a lso , the con tro l trea tm en ts  had 

sign ifican tly  h ig h er co n ten t o f  am ylose. R ice w ith  20-25  p ercen tag e  o f  am ylose  w ere 

rated as in term ed iate  (C h ik k a lin g a iah  et al., 1997) and  repo rted  to  p ossess good 

cook ing  quality .
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T he high am y lo se  co n ten t recorded  by the co n tro ls  (29 .63  % ) is an ind icato r ot 

poor co n su m er p re feren ce , because  h igh am ylose co n ten t re su lt in hard  cooked  rice as 

reported  by D ipti et al. (2002). T he m ean  am ylose  co n ten t o f  the trea tm en t 

co m b in atio n s tested  w as 2 4 .20  percen t. T h is  is a c lea r in d ica tio n  o f  the fact that INM  

can p roduce g ra ins w ith  d esirab le  am ylose  conten t.

T he m arket sam p le  had an  am ylose  co n ten t o f  2 3 .7 6  p ercen t and rem ained  

w ith in  desirab le  lim its. T he am ylopec tin  con ten t w as ca lcu la ted  in re la tion  to the 

am ylose  con ten t.

5. 5.3 Organoleptic qualities

Q uality  is co n sid ered  as the  re la tive  ex ce llen ce  o f  a food  based  on the sensory  

e s tim ates  o f  co lo u r, tex tu re , and flavour. In the p resen t s tu d y  the quality  attribu tes 

such  as appearance , co lou r, flavour, d oneness and taste  w ere  stud ied . T he resu lts o f  

the o rgan o lep tic  te s t are g rap h ica lly  presen ted  in Fig. 9.

A ppearance  is an  im p o rtan t quality  trait because  rice is m ostly  con su m ed  in the 

w hole  grain  form . S u b stitu tin g  75 percen t o f  the ch em ica l fe rtilize rs  w ith FY M  and 

neem  cake ranked  first in te rm s o f  appearance, co lou r, and taste . H ow ever, flavour 

w as best at 50 p ercen t su b stitu tio n  w ith  FY M  and neem  cake.

D oneness w as su p e rio r in the standard  p rac tice  (90 .25 ) w h ich  w as fo llow ed  by 

50 percen t su b stitu tio n  w ith  F Y M  + neem  cake (h m 2).

5 .6 S E E D  Q U A L IT Y

T he g erm in a tio n  percen tag e  and the seed lin g  v ig o u r w ere  not in fluenced  

sign ifican tly  by the  v ario u s  trea tm en t co m b in atio n s. W hen  th e  trea tm en t co m b in atio n s 

w ere com pared  ag a in st the co n tro ls , the trea tm en t co m b in a tio n s  w h ere in  inorgan ics 

w ere app lied  in co n ju n c tio n  w ith  o rgan ic  m anures, p ro v ed  to  be superio r. B etw een the 

con tro ls , the s tandard  p rac tice  w as better. T he benefic ia l e ffec t o f  in tegra ted  nutrien t 

m anagem en t on seed  quality  m igh t be due to the accu m u la tio n  o f  som e enzym es or
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grow th  p ro m o tin g  su b s tan ces  in the seeds in ad d ition  to p ro te in s  as suggested  by 

K ham kar (1993).

5.7 N U T R IE N T  U P T A K E  A T  H A R V E S T

T he n itrogen  u p tak e  (F ig . 10) w as found to vary sig n ifican tly  betw een  the tw o 

organ ic sources, w ith  F Y M  (M i) being  superior. T he ab so lu te  con tro l w as very po o r 

in term s o f  n itrogen  up take. A m o n g  the d iffe ren t trea tm en ts  co m b in a tio n s  includ ing  

con tro ls , l2m 2 (50  p ercen t su b s titu tio n  w ith  FY M  + neem  cake) reco rded  the h ighest 

up take value. FY M  m ig h t have  supp lied  m ajo r and m in o r n u trien ts  a lo n g  w ith  organ ic 

acids and p rov ided  good  p h y sica l cond ition  for p lan t g row th . T h is in tu rn  m ight have 

increased  the up take  o f  n itro g en . S im ilar resu lts  w ere  rep o rted  by C harjan  and 

G aikw ad  (2005). T he  fav o u rab le  in fluence o f  neem  cake in co m bination  w ith  

inorgan ics and o th er o rg an ic  so u rces  w as reported  p rev io u sly  by B alasubram an iyan  

(2004) in a study  co n d u c ted  on  fine gra in  rice. A m o n g  the  d iffe ren t trea tm en ts 

co m binations, l2m 2 w as s ig n ifican tly  superior. W hen the  co n tro ls  w ere  also  taken  into 

accoun t, l2m 2 w as at p a r w ith  th e  standard  practice.

T he levels o f  su b s titu tio n  had a favorab le in flu en ce  on  the phosp h o ru s uptake 

(Fig. 10). T he L x M in te rac tio n  w as also  sign ifican t. H u n d red  p ercen t substitu tion  o f  

SD F w ith  o rgan ics (L 4) re su lted  in the h ighest p h o sp h o ru s  up take. A ddition  o f  

organ ics m ight have im p ro v ed  the phosphorus av a ilab ility  and subsequen tly  the 

up take. T he in teg ra tio n  o f  o rg an ic  m atter in  p lan t n u tritio n  w as repo rted  to increase 

the p h o sphorus supp ly  to p lan ts  th rough  direct en rich m en t, by enhancing  the 

so lub liza tion  o f  n a tiv e  p h o sp h o ru s , by acce lera ting  the  m in era liza tio n  o f  added  

ph o sphorus and by red u c in g  the  P fixation  (Johnku tty  and  A n ilak u m aran , 1991).

T he po tassiu m  u p tak e  (F ig . 10) varied  s ign ifican tly  b e tw een  the tw o o rgan ic  

sources. FY M  en su red  a b e tte r up take o f  p o tassiu m . A m o n g  the trea tm en ts 

com b in atio n s in c lu d in g  co n tro ls , l2m 2 had a h ig h er K u p tak e , w h ich  w as at par w ith  

the standard  p ractice. T he  fav o u rab le  effec t o f  in teg ra ted  n u trien t m anagem en t on 

nu trien t up take w ere p rev io u s ly  reported  by D as et al. (2 0 0 3 ) and S ingh (2006). 

A pp lication  o f  FY M , a lo n e  o r in co m b in atio n  w ith in  ch em ical fe rtilizers m ight have
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im proved  the av a ilab ility  o f  K in the soil. T h is  m igh t hav e  im p ro v ed  the K uptake o f  

p lan ts  as reported  by C h arjan  and G aikw ad  (2005).

In general, nu trien t up take  va lu es w ere re la ted  to the crop  y ield  levels. As the 

dry m atte r accu m u la tio n  increased , nu trien t up take w as a lso  o b serv ed  to increase. 

T h is  is in acco rd an ce  w ith  the find ings o f  Fageria  and B alig ar (2 0 0 5 ) w ho have stated 

that nu trien t accu m u la tio n  pattern  in p lan ts fo llow ed  dry m atte r accu m u la tio n .

5. 8 N IT R O G E N  U S E  E F F IC IE N C Y

A m ong  the d iffe ren t in d ica to rs  used to  assess  the  N U E , the agronom ic 

effic iency  and the ap p a ren t recovery  effic iency  w ere  fo u n d  to  be in fluenced  

s ign ifican tly  by the trea tm en ts. T he physio log ical e ffic ien cy , agro  physio logical 

effic iency  and u tiliza tio n  effic iency  rem ained  unaffected .

T he trea tm en ts  co m p ris in g  100 percen t su b stitu tio n  (L 4) and 50 percent 

su b stitu tio n  (L 2) w ere  ag ro n o m ica lly  m ore e ffic ien t (F ig. 11). A g ro n o m ic  efficiency  

reflects, the p ro d u c tio n  ach iev ed  per kg o f  nu trien t app lied . A p p lica tio n  of organ ic 

m anures e ith er a lone o r in co m b in atio n  w ith  chem ical fe rtilize rs  y ielded better 

ag ronom ic  effic iency  in rice (C hak rab o rty  et a l., 2001).

C om paring  the trea tm en ts  includ ing  the co n tro ls  the  trea tm en t com bination , 

b m 2 w as found to  ex h ib it h ig h er ag ronom ic  effic ien cy  and  w as on a par w ith the 

standard  practice. M urw ira  and K irchm ann  (1 993) rep o rted  that nu trien t use 

e ffic ien cies increased  w ith  the com p lem en tary  ap p lica tio n s o f  o rgan ic  m anures and 

chem ical fe rtilizers. T he benefic ia l effect o f  inc lu d in g  neem  cak e  as reported  by 

Porw al et al. (1994) and  C h au d h ary  et al. (2006) m ig h t be du e  to its effect as a 

n itrifica tion  in h ib ito r and thereby  im prov ing  and p ro lo n g in g  the con tinuous 

ava ilab ility  o f  n itrogen  to  the crop.

T he o rgan ic  sou rces and the levels o f  su b stitu tio n  had sig n ifican t im pact on the 

apparen t recovery  effic ien cy  o f  n itrogen , w ith  FY M  and 100 percen t substitu tion  

ex h ib itin g  superio rity  (Fig. 11). W hen the trea tm en t co m b in a tio n s  includ ing  the
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con tro ls  w ere co m p ared , I21112 w as found  to be the best and  w as at par w ith the 

standard  practice. In tegrated  ap p ro ach es o f  o rgan ic  and  inorgan ic  nu trient 

m anagem en t have show n  increased  effic ien cy  o f  app lied  fe rtilize r in rice (B uresh  and 

D e D atta  ,1991). T h is  has been  a ttrib u ted  to the co n tin u o u s su p p ly  o f  n itrogen  in the 

presence o f  o rgan ic  m anures and  ty ing  up o f  inorgan ic n itro g en  p rev en tin g  its loss 

th rough d en itrifica tio n , v o la tiliza tio n  o r leaching . K han et al. (2 0 0 6 ) reported  a h igher 

recovery  effic iency  o f  app lied  n itrogen  in the p resence o f  o rg an ic  m anures and have 

a ttribu ted  it to the m in im al loss o f  n itrogen  in case o f  o rgan ic  sou rces. In the present 

study the p resence o f  neem  cake m ig h t have also  helped  in red u cin g  the loss o f  

n itrogen  as suggested  by C h au d h ary  et al. (2006).

T he effect o f  o rgan ics in im p ro v in g  the N U E  has been  su m m arized  by B ondietti 

et al. (1972). A ccord ing ly , the am in o  co m p o u n d s such  as p ro te ins, pep tides, 

am in o ac id s and am ino  sugars fo rm ed  d u rin g  the d eco m p o sitio n  o f  o rgan ic  m atter is 

partia lly  stab le  aga inst m icrob ia l deg rad atio n  and thus, serve as a source o f  slow  

re lease n itro g en o u s m ateria l fo r p lan t nu trition . F urther, the  q u in o n es, degradation  

products  o f  hum ic acid  have n itrifica tio n  inh ib ition  property . T h u s, o rgan ic m anure 

app lica tion  enab les s lo w  re lease  o f  n itrogen  for the rice crop  and  thereby  im prove the 

N U E.

5.9 SO IL  FE R T IL IT Y  S T A T U S  A F T E R  T H E  E X P E R IM E N T

T he o rgan ic  carbon  co n ten t o f  the soil rem ained  u n affec ted  by the d ifferen t 

trea tm en t com binations.

T he trea tm en ts and th e ir in terac tions fail to have any  sig n ifican t effect on 

ava ilab le  n itrogen  sta tu s o f  the  soil. H ow ever, the co m p ariso n  m ade am ong  the 

trea tm en t co m b in atio n s in c lu d in g  co n tro ls  proved  to be sig n ifican t. T he abso lu te  

contro l recorded  a low  av a ilab le  n itrogen  status o f  soil. S im ila r increase in the 

ava ilab le  n itrogen  co n ten t o f  the soil due to  the ap p lica tio n  o f  o rg an ics  w ere reported  

by S harm a et al. (1987), R oul and  M ah ap atra  (2006) and  S ingh  (2006).

S ign ifican t d iffe ren ce  w as no t observed  in the av a ilab le  p h o sp h o ru s  status o f  the 

soil, am ong  the trea tm en ts  and  con tro ls . B etw een  the tw o  co n tro ls , the abso lu te
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Fig. 12. Interaction effect of organic sources and levels of substitution including controls on the benefit 
cost ratio



control, maintained a higher available phosphorus status in the soil. This may be due 

to the poor uptake values recorded by this treatment.

The available potassium status of the soil was significantly higher, when 

chemical fertilizers were substituted with a combination of FYM + neem cake as 

compared to the application of FYM alone. Prakash et al. (2003) observed that 

application of organic manures including oilcakes, in basmati rice cultivation, 

improved the available nutrient status of the soil.

5.10 ECONOMICS OF CULTIVATION

The use of FYM (Mi) alone for substituting with the chemical fertilizers was 

higher in terms of net income, and BCR. The different levels of substitution and their 

interaction had no significant effect. Similar results were reported by Sudha (1999). 

Integration of neem cake along with FYM (M2) had favourable effects on crop growth 

and yield. But, application of neem cake increased the cost of cultivation 

considerably. Based on the nitrogen content and price of FYM and neem cake, it was 

found that, while application of 1kg of nitrogen as FYM required Rs. 110, an amount 

of Rs. 350 was required to supply the same quantity of nitrogen as neem cake.

The absolute control showed a loss with a benefit cost ratio of less than 1 

(Fig. 12). Yadav et al. (1998) reported on an average 57 percent yield reduction in rice 

under unfertilized plots. The standard practice gave high BCR of 1.98. Though the 

interactive effect was not significant, among the treatment combinations, km2 (50 

percent substitution with FYM + neem cake) recorded the highest BCR, which was on 

a par with hmi (25 percent substitution with FYM). Several workers have established 

the remunerative effect of integrated nutrient management on the economics of 

cultivation of rice. Barik et al. (2006) observed higher net returns and BCR when 50 

percent of the recommended dose of fertilizers was substituted with FYM. Singh ef al. 

(2006b) also reported that even though the cost of cultivation was marginally higher 

under integrated nutrient management, it resulted in higher net income and BCR.





6. SUMMARY

A study entitled ‘Integrated nutrient management for Basmati rice (Oryza sativa 

L.) production’ was taken up at the Cropping Systems Research Centre, Karmana, 

Thiruvananthapuram, Kerala, from September 2006 to January 2007, with the 

objective of assessing the agronomic and economic feasibility of adopting integrated 

nutrient management in basmati rice.

The experiment was laid out in a (4 x 2) + 2 Randomised Block Design with 

three replications. The treatments comprised two organic sources (M r FYM, M2- 

FYM + neem cake), four levels of inorganic substitution with organics (L r 25 percent 

substitution, L2- 50 percent substitution, L3 - 75 percent substitution, L4 -100 percent 

substitution) compared against two controls (absolute control, standard practice). 

There were a total of ten treatment combinations including the two controls. The test 

variety was Pusa Basmati-1. The salient findings of the study are summarized below.

Substituting the entire quantity of chemical fertilizers with organics recorded an 

appreciable increase in plant height at the maximum tillering stage. The effect of 

organic sources was not significant. Among the treatment combinations, the plants in 

l2m2 (substituting 50 percent of SDF with FYM + neem cake) were significantly taller 

' at maximum tillering stage.

The tiller count was significantly influenced by the different levels of 

substitution, at the panicle initiation and flowering stages, with 100 percent 

substitution with organics proving to be the best. It was at par with 50 percent 

substitution. These treatments were equally effective as the standard practice. The 

interactive effect of the organic sources over the levels of substitution was not 

significant. Substituting 50 percent of SDF with FYM + neem cake recorded the 

maximum tiller count at panicle initiation, flowering and harvest.



Among the levels of substitution, 100 percent and 50 percent substitution levels 

were equally effective in increasing the LAI, recorded at harvest. Both at flowering 

and harvest stages, substituting 50 percent SDF with FYM and neem cake was 

observed to be as efficient as the standard practice in optimizing the LAI.

Compared to the percentage of biomass accounting for the root weight, the 

biomass partitioned towards the shoot and panicles varied significantly between the 

organic sources and levels of substitution. Substitution of inorganics with FYM (Mi) 

and 25 percent substitution (Lj) recorded higher shoot biomass. Application of FYM 

+ neem cake (M2) and 50 percent substitution with organics (L2) resulted in higher 

panicle biomass. The L x M interaction was not significant with respect to biomass 

partitioning.

Maximum number of productive tillers was recorded with 100 percent 

substitution of SDF, both at the flowering and harvest stages. At harvest, 50 percent 

substitution was at par with 100 percent substitution. The L x M interaction was 

significant at harvest. The treatment combination, wherein 50 percent of SDF was 

substituted with FYM + neem cake (l2m2) proved superior.

Neither the treatments nor their interactions could significantly influence the 

panicle weight and thousand grain weight. Substituting SDF with organics 

significantly increased the number of spikelets per panicle, with equal effectiveness at 

100 percent and 50 percent substitution levels. The L x M interaction was significant. 

Fifty percent substitution with FYM + neem cake (l2m2) recorded maximum number 

of spikelets'per panicle.

The sterility percentage was less when FYM was applied in combination with 

neem cake. The L x M interaction was not significant. The’absolute control recorded 

the highest sterile grain percentage.

The substitution levels, 100 percent and 50 percent, were equally effective in 

increasing the grain yield, with 100 percent substitution recording the highest grain 

yield. The effect of organic sources and its interaction with the levels of substitution 

was not significant. The treatment combinations when compared after taking into



account the controls also, revealed that substituting 50 percent of the SDF with FYM 

+ neem cake (fen^) gave a higher yield which was at par with the standard practice.

The variation observed in the straw yield was not significant with respect to the 

organic sources, levels of substitution and their interaction. The standard practice 

recorded a higher straw yield than the absolute control.

Neither the treatments nor their interaction had any significant influence on the 

harvest index. The comparison between treatment combinations including controls 

proved significant, with 50 percent substitution of SDF with FYM + neem cake and 

and 100 percent substitution with FYM recording the highest harvest index of 0.44 .

The incidence of bacterial leaf blight disease was more or less uniform, in all 

the treatment combinations including controls.

The cooking properties, assessed in terms of the optimum cooking time, volume 

expansion ratio and grain elongation ratio were unaffected by the treatments and their 

interaction. However,- the general trend noticed was a lower cooking time and a higher 

elongation ratio at 50 percent substitution of SDF with organics. The absolute control 

took longer to cook and had lower volume expansion ratio. There was no apparent 

difference in the cooking properties of the market sample and treatments. Thus 

integrated nutrient management proved its efficiency in producing quality grains.

Among the chemical properties, the crude protein content was significantly 

higher with FYM (Mi) and 100 percent substitution with organics (L4). The other 

levels of substitution were at par. Substituting 50 percent of SDF with FYM + neem 

cake yielded the highest crude protein content. The total starch content was highest at 

75 percent substitution (L3) and was at par with 25 percent and 100 percent 

substitution levels. While the treatments and the treatment combinations recorded 

intermediate amylose content, the controls (absolute control, standard practice) 

recorded higher amylose content, which was undesirable. The variation in the 

amylopectin content of the grains was relative to the total starch and amylose 

contents. The treatments and their interactions as compared to the market sample did 

not show any marked difference.



In the organoleptic test, the appearance, colour, flavour, doneness and 

taste of the grains were ranked. Substituting 75 percent of SDF with FYM and 

neem cake (l3m2) followed by 50 percent substitution with FYM + neem cake 

(l2m2) was ranked to be the best in appearance, colour and taste. Fifty percent 

substitution with FYM + neem cake (l2m2) resulted in the best flavour .The 

grains from the standard practice ranked first with regard to doneness, followed 

by l3m2 and l2m2. The market sample ranked fifth in terms of appearance, 

colour, doneness and taste and fourth in terms o f flavour. This showed that 

integrated nutrient management was effective in improving the grain quality 

parameters, which have a direct bearing on the consumer preference and 

acceptability.

The germination percentage did not vary significantly among the different 

treatments. The treatment means, when compared against the control means 

. showed a significant difference in the seedling vigour. The seedlings that 

emerged out of the seeds from the treatment combinations were more vigorous 

with a vigour index of 108.60 compared to the controls, which had a vigour 

index of 82.56. The seeds from the standard practice produced seedlings that 

were more vigorous than those from the absolute control.

Nitrogen and potassium uptake revealed similar trends. FYM recorded 

significantly higher uptake values for nitrogen and potassium. The effect of 

levels of substitution and L x M  interaction was not significant. The levels of 

substitution significantly influenced the phosphorus uptake. Phosphorus uptake 

was the highest at 100 percent substitution with organics (L4). Between the 

treatment combinations including controls, 50 percent substitution with FYM + 

neem cake (l2m2) resulted in better nutrient uptake and was at par with the 

standard practice.

Substituting the entire SDF with organics resulted in the highest nitrogen 

use efficiency, in terms of the agronomic efficiency and was at par with the 50 

percent substitution level. Both the organic sources and the levels of 

substitution had significant impact on the apparent recovery efficiency of



nitrogen. FYM (Mi) and 100 percent substitution with organics (L4) recorded 

the highest ARE. Between the treatments including controls, AE and ARE were 

the highest at 50 percent substitution with FYM + neem cake (l2m2), which was 

at par with the standard practice. The treatments failed to have any impact on 

physiological efficiency, agro physiological efficiency and utilization 

efficiency of nitrogen.

The organic carbon did not vary significantly among the different 

-treatments. The'available nitrogen and phosphorus content of the soil remained 

unaffected by the different treatments and their interactions. Among the 

treatment combinations including controls, all the treatment combinations and 

the standard practice were significantly superior to the absolute control, in 

terms of available nitrogen. The combined application of FYM and neem cake 

resulted in more of available potassium in the soil, compared to the application 

of FYM alone. The effects of levels of substitution and L x M interaction were 

not significant with regard to the available potassium status of soil.

While the different levels of substitution could not bring significant 

variation in the net income and BCR, substitution of chemical fertilizers with 

FYM (Mi) proved to be more remunerative than a combination of FYM + neem 

cake (M2). The comparison made between treatments including controls, 

showed that the BCR recorded by the standard practice (1.98), 25 percent 

substitution with FYM 1.74 (limj) and 50 percent substitution with FYM + 

neem cake (1.75) were at par.

The present investigation indicated a positive response of basmati rice to 

integrated nutrient management and organic nutrition. It could be observed that 

substituting 50 percent of the SDF with a combination o f FYM + neem cake 

was beneficial in improving the grain yield, nutrient uptake, nitrogen use 

•efficiency, crude protein content and recorded relatively better organoleptic 

ranking and BCR. This treatment combination was mostly at par with the 

standard practice. The study also showed that 100 percent organic nutrition was 

also possible in basmati rice without much yield reduction.



Future line of work

1. The same study needs to be repeated for conformity of results.

2. Studies are needed to assess the long term impact of INM on the production 

potential and quality of basmati rice.

3. Attempts can be made to evolve site specific nutrient management strategies 

for basmati rice.

4. Keeping in view the premium price for organically produced basmati, efforts 

are to be taken to develop location specific organic production packages for 

basmati.





7. REFERENCES

Abdul-Baki, A. P., Anderson, J. D. 1973. Vigour determination in soybean seed by 

multiple criteria. Crop Sci., 13 : 630-633.

Aberg, L. 1994. Infratech starch calibrations for wheat and barley now in use in 

Denmark. In Focus, 18:12.

Adhikari, N.P., Mishra, B.N. and Mishra, P.K. 2005. Effect of integrated nitrogen 

management on quality of aromatic rice. Ann. Agric. Res., 26 : 231 -234.

Agrawal, M.M. 2006. Integrated plant nutrient system for sustainable agriculture. 

Indian J. Agric. Chem., 39 : 13-16.

Agrawal, P.K. 1994. Principles o f  Seed Technology. Publication and Information 

Division, Indian Council of Agricultural Research, Krishi Anusandhan Bhavan, 

New Delhi, India, 107 p.

Ahlawat, I.P.S. (ed.) 1997. Integrated Input Management fo r  Efficient Crop 

Production. Indian Society of Agronomy, Indian Agricultural Research 

Institute, New Delhi, India, 146p.

Ahuja, S.C., Pawar, D.V.S., Ahuja, U. and Gupta, K. R. 1995. Basmati Rice -The 

Scented Pearl. Directorate of Publication, CCS, Haryana Agricultural 

University, Hissar, Haryana, India, 63p.

Ajithkumar, R. and Anitha, C.S. 2006. Agriculture demands overhauling - Kerala 

calling < www.kerala.gov.in / kercal november06/28-31p (pdf)> (last accessed: 

August, 2007).

http://www.kerala.gov.in


Aminoff, D., Binkeley, W.W., Sdhaffer, R. and Mowry, R.W. 1970. The 

Carbohydrate Chemistry and Biochemistry. Academic Press, New York, 480p.

Anilkumar, K., Johnkutty, I., Menon, G. and Bridgit, T.K. 1993. Long term effect of 

continuous manurial practices on yield and nutrient availability in double crop 

wet land laterite soil. Oryza, 30 : 362-363.

Araullo, E.V., DepaduaJD.B. and Graham,M. 1976. Rice Post Hawest Technology. 

International Development Research Centre, Ottawa, Canada, 450p.

Aruna, E. and Mohammad, S. 2005. Influence of conjunctive use of organic and 

inorganic sources of nutrients in rice (Oryza sativa L.) on crop growth, yield 

components, yield and soil fertlity in rice-sunflower (Helianthus annuus) 

sequence. Indian J. Agron., 50 : 265-268.

Azeez, M.A. and Shafi, M. 1966. Quality in Rice. Technical Bulletin No. 13, 

Department of Agriculture, Govt, of West Pakistan, West Pakistan, 50p,

Babu, S.D. 1996. Yield maximization of direct sown rice under puddled condition. 

MSc (Ag) thesis, Kerala Agricultural University, Vellanikkara, Thrissur, 142p.

Baggie, I. and Bah, A.R. 2001. Low cost management of iron toxicity in fanners 

fields in Sierra Leone. IRRN, 26 : 35-36.

Balasubramaniyan, P. 2004. Yield potential of fine grain rice (Oiyza sativa) under 

integrated nutrient management. Indian J. Agron., 49 : 157-159.

Bandhyopadhyay, K.K. and Sarkar, M.C. 2003. Nitrogen use efficiency, 15 N balance 

and nitrogen losses in flooded Rice in an inceptisol. Hort. Sci., 32 : 257-258.

Bandhyopadhyay, S. and Roy, N.C. 1992. Fundamentals o f  Parboiling - Rice Process 

Techonology. Oxford and IBH Publishing Company, NewDelhi, India, 290p.



Barik, A., Das, A. Giri, A.K. and Chattopadhyay, G.N.2006. Effect of integrated plant 

nutrient management on growth, yield and productivity economics of wet 

season rice (Oryza sativa). Indian J. agric. Sci., 76 : 657-660.

Bastia, D. 2002. Effect of integrated nutrient supply system on yield of rice (Oryza 

sativa L.) and soil fertlity. Madras agric. J., 89 : 383-385.

Bayan, 2000. Studies on integrated weed management under split application of 

nitrogen in wet seeded rice. PhD thesis, Tamil Nadu Agricultural University, 

Coimbatore, 246p.

Bellaki, M.A., Badanur,V.P. and Setty, R.A.1998. Effect of long term integrated 

nutrient management on some important properties of a vertisol. 

J. Indian Soc. Soil Sci., 46 : 176.

Bezdicek, D.F. and Power, J.F. (eds). 1984. Current Technology and Its Role in 

Sustainable Agriculture. American Society of Agronomy, Madison, West 

Indies, 192p.

Bhadoria, P.B.S., Prakash, Y.S., Kar, S. and Rakshit, A. 2003. Relative efficacy of 

organic manures on rice production in lateritic soil. Soil Use Manag., 

19:80-82.

Bhattacharya, S.P., Sarkar, S., Karmakar, A.J. and Ghatak, S.S. 2004. Effect of 

neemsaar (organic manure) on yield components and yield of kharif paddy. 

Environ. Ecol., 22 : 684 -  686.

. Bondietti, E., Martiland, J.P. and Haider, K. 1972. Stabilization of amino sugar units 

into humic type polymers. Soil Sci. Soc. Am. Proc., 36 : 597.

Bouyoucos, C.J. 1962. Hydrometer method improved for making practice size 

analysis of soil. Agron. J., 54 : 464 -  465.



Brar, B.S. and Dhillon, N.S. 1994. Effect of FYM application on yield and soil 

fertility in rice- wheat rotation. IRRN, 19 : 23.

Bridgit, T.K. and Potty, N.N. 2002a. Influence of root characteristics on rice 

productivity in iron rich iateritic soils of Kerala, India. IRRN, 27 : 45-46.

Bridgit, T.K. and Potty , N.N. 2002b. Effect of cultural management on yield and 

yield attributes of rice in laterite soils. J.trop. Agric., 40 : 14-18.

Budhar, M.N. and Palaniappan, SP. 1997. Integrated nutrient management in low land 

rice. Indian J. Agron., 42 : 269-271.

Budhar, M.N., Palaniappan, SP. and Rangaswamy, A. 1991. Effect of wastes and 

green manure on lowland rice. Indian J. Agron., 36 : 251-252.

Buresh, R.J. and De Datta, S.K. 1991. Nitrogen dynamics and management of rice- 

legume cropping system. Adv. Agron., 45 : 1-59.

Chakraborty, A., Chakraborty, P.K., Banik, P. and Bagchi, D.K. 2001.Effect of 

integrated nutrient supply and management on yield of rice (Oryza sativa) and 

nitrogen and phosphorus recovery by it in acid Iateritic soils. Indian J. Agron., 

46: 75-80.

Charjan, Y.D. and Gaikwad, C.B. 2005. Integrated nutrient management in cotton 

(Gossypium hirstum) - wheat (Triticum aestivum) sequence on vertisol. 

Indian J.Agron., 50 : 176-180.

Chatteijee, B. N. and Maiti, S. 1985. Principles and Practices o f  Rice Growing. 

Oxford and IBH Publishing Co. Pvt. Ltd, NewDelhi, India, 419p.

Chaudhary, J. K. and Thakuria, R. K. 1996. Effect of green manuring on transplanted 

Ahu rice (Oryza sativa). Indian J. Agron., 41 : 151-153,



Chaudhary, S.K., Thakur, S.K. and Thakur, R.B. 2006. Effect of sources and methods 

of nitrogen application on growth, yield and N uptake of transplanted lowland 

rice (Oryza sativa) and their residual effect on succeeding wheat (Triiicum 

aestivum). Indian J. Agron., 51 : 1-2.

Chellamuthu, S., Kothandaraman, G.V. and Duraiswamy, P. 1998. Effect of FYM and 

ammonium sulphate on the available nutrient content of soil. Madras agric. J., 

75 : 196-199.

Chettri, G.B., Rai, B.B. and Samiano, A.R. 1998. Effect of FYM supplemented with 

N, P, and K on grain yield of rice, IR-41. Int. Rice Res. Newsl., 13 : 17-18.

Chettri, M. and Mondal, S.S. 2005. Nutrient management with sulphur and non 

sulphur bearing fertlizers and farm yard manure for sustaining productivity of 

rice (Oryza sativa L.) under intensive cropping system. Indian J. Agron., 50 : 

10- 12.

Chikkalingaiah, G.E., Ramesh, S. and Rao, M. A. 1997. Evaluation of some selections 

of aromatic rices for quality traits. Mysore J. agric. Sci., 31 : 201-204.

Chithra, L. and Janaki, P. 1999. Impact of various organic sources on potassium 

uptake and yield of rice in Thambrabarani river tract of Tamil Nadu. 

Madras agric. J., 86 : 46-48.

. Crowther, E.M.1935. A note on the availability of organic nitrogen compounds in pot 

experiments. J. Agric. Sci., 15 : 300-302.

Das, K., Medhi, D.N. and Guha, B. 2003. Application of crop residues in combination 

with chemical fertilizers for sustainable productivity in rice (Oryza sativa) - 

wheat (Triticum aestivum) cropping system. Indian J.Agron,, 48 : 8-11.

De Datta, S.K., Buresh, R.J., Samson, M.I. and Kai-Rong, W. 1988. Nitrogen use 

efficiency and nitrogen-15 balances in broadcast-seeded flooded and 

transplanted rice. Soil Sci. Soc. Am. J., 52 : 849-855.



Deepa, S. 1998. Integrated nutrient management in rice-rice cropping system. MSc 

(Ag) thesis, Kerala Agricultural University, Vellanikkara, Thrissur, 130p.

Dela, C.N. and Khush, G.S. 2000. Rice grain quality-evaluation procedures. 

In : Aromatic Rices, Singh, R.K., Singh, U.S. and Khush, G.S.(eds). Oxford and 

IBH Pub. Co.Pvt. Ltd, New Delhi, India, pp. 15-28.

Devadath, S. 1992. Bacterial blight of rice. In: Plant Diseases o f  International 

Importance - Diseases o f Cereals and Pulses, Singh, U.S., 

Mukhopadhyay,A.N., Kumar, J. and Chaube, H.S. (eds). PrenticeHall, 

Englewood Cliffs, New Jersey, USA, pp. 158-185.

Devi, K., Geervani, P. and Sumathi, S. 1997. Changes in solubility and invitro 

digestibility of rice proteins subjected to heat processing. Food Sci. Techno 1., 

34 : 345-347.

Dhillon, N.S. 1998. Ecological, Agricultural and Sustainable Development. Centre 

for Research in Rural and Industrial Development, Chandigarh, India, 712p.

Dhiman, S.D., Hari, O.M., Nandal, D.P. and Singh, V.P. 2003. Crop husbandry of 

scented rice. In: A Treatise on the Scented Rices o f India, Singh, R.K. and 

Singh, U.S. (eds). Kalyani Publishers, Ludhiana, India, pp. 124-141.

Dick, W. A. and Gregorich, E.G. 2004. Developing and maintaining soil organic 

matter levels. In: Managing Soil quality: Challenges in Modern Agriculture, 

Schjonning, P. Elmbolt, S. and Christensen B.T. (eds). CAB International, 

Willingford, UK, pp.103-120.

Dipti, S.S., Hossain, S.T., Bari, M.N. and Kabir, K.A. 2002. Physico-chemical and 

cooking properties of some fine rice varieties. Pakistan J. Nutr., 1:188-190.

Dixit, K.G. and Gupta, B. R. 2000. Effect of FYM chemical and bio-fertilizers on 

yield and quality of rice (Oryza sativa L.) and soil properties. 

J. Indian Soc. Soil Sci., 48 : 773-780.



Donald, C.M. and Hamblin, J. 1976. Biological yield and harvest index of cereals as 

agronomic and plant breeding criteria. Adv. Agron., 28 : 361-405.

Dubey, R.P. and Verma, B.S. 1999. Integrated nutrient management in rice-rice 

(Oryza sativa L.) - cowpea (Vigna unguiculata) sequence under humid tropical 

conditions of Andaman Islands. Indian J. Agron., 44 : 6-11.

Duha, B.S., Devendarkataria, Singh, J.P., Kuhad, M.S. and Dahiya, S.S. 2005. Effect 

of nitrogen, farm yard manure and metribuzin on nitrogen transformation. 

J. Indian Soc. Soil. Sci., 53 : 184-187.

Dutta, R.K., Lahiri, B.P., Khanam, S. and Rahman, S. 1999. Aroma synthesis in 

basmati rice in relation to temperature and nitrogen. Indian J. PI. Physiol., 4 : 

215-218.

Dwivedi, D.K. and Thakur, S.S. 2000. Effect of organics and inorganic fertility levels 

on productivity of rice (Oryza sativa L.) crop. Indian J. Agron., 45 : 568-574.

Fageria, N.K. and Baligar, V.C. 2005. Enhancing nitrogen use efficiency in crop 

plants. Adv. Agron., 88 : 97U85.

FIB 2007. Farm Guide 2007. Farm Information Bureau, Government of Kerala, 

Thiruvananthapuram, Kerala, India, 104p.

Flaig, W. 1975. Specific Effects o f  Soil Organic Matter on the Potential o f  Soil 

Productivity. FAO Soil Bulletin No.27, Food and Agriculture Organization of 

the UN, Rome, 31 p.

Flaig, W. 1984. Soil organic matter as a source of nutrients. In: Organic Matter and 

Rice. International Rice Research .Institute, Manila, Philippines, 73p.

Fumio, K. 2000. Rice quality analysis by advanced instrumentation. J. Jpn. Soc. Food 

Sci. Technoh, 48 : 80-89.



Ganal, B.A. and Singh, G.N. 1990. Effect of farm yard manure applied in rice-wheat 

rotation on physico- chemical properties of the soil. Indian J. Soil Sci.,

38 :421-424.

Ganapathy, M., Ramesh, N. and Baradhan, G.S.2006. Studies on the effect of 

integrated management of farmyard manure, composted bone sludge, . 

composted press mud and inorganic fertilizers on rice fallow sunflower crop. 

Res. Crops, 7 : 640-642.

Gawai, P.P. and Pawar, V.S. 2006. Integrated nutrient management in sorghum 

(Sorghum bicolor) — chick pea (Cicer arietinum) cropping sequence under 

irrigated conditions. Indian J. Agron., 51 : 17-20.

George, S.P., Bastian, D., Radhakrishnan ,N.V. and Aipe, K.C. 2005. Evaluation of 

aromatic rice varieties in Wayanad, Kerala. J. trop. Agric., 43 : 67-69.

Girija, T., Potti, N.N and Anilkumar, K. 1993. Role of manurial management on seed 

quality. Proc.5ih Kerala Science Congress, Ravikumar, R. (ed.). Kerala State 

Committee on Science, Technology and Environment, Thiruvananthapuram, 

Kerala, India, pp. 109-111.

Gomez, K. A. 1972. Techniques fo r  Field Experiments with Rice. International Rice 

Research Institute, Los Banos, Philippines, 633p.

Govindaswamy, S. and Ghosh, A.K. 1970. Screening rice for quality in breeding 

program. In : Proc. Symp. Recent Adv in Crop Production, Institute of 

Agricultural Sciences, Kanpur, Uttar Pradesh, India, p.42.

Graham, R. 2002. A Proposal fo r  IRRJ to Establish a Grain Quality and Nutrition 

Research Centre. IRRI Discussion Paper Series No.44, International Rice 

Research Institute, Los Banos, Philippines, 15p.



Gupta, A.P., Anil, R.S. and Narw al, R.P. 1998. Effect of farmyard manure on organic 

carbon, available N and P content of soil during different periods of wheat 

growth. J. Indian Soc.Soil. Sci., 36 : 269-273.

Gupta, S. 1990. Physico-chemical characters of some rice cultivars of West Bengal. 

Int. Rice Res. Newsl., 15 : 12-13.

Hegde, D.M. and Dwivedi, B.S. 1992. Nutrient management in rice-wheat cropping 

system in India. Fertl. News, 37 : 27-41.

Hemalatha, M., Thirumurgan, V. and Balasubramanian, R. 1999. Influence of 

organic, bio fertilizer and inorganic form of nitrogen on rice quality. 

IRRN, 24 :33 .

Hemalatha, M., Thirumurgan, V.and Balasubramanian, R. 2000. Effect of organic 

sources of nitrogen on productivity, quality of rice (Oryza sativa) and soil 

fertlity in single crop wet lands. Indian.J. Agron., 45 : 564-567.

Hirrannaiah, B.V., Bhashyam, M.K. and Ali, S.Z. 2001. An improved cooking quality 

test for basmati rice. J. Food Sci. Technol., 38 : 116-119.

Hunje, R., Vijayakumar, A. G., Rajkumar, S., Motagi, B. N. and Hanchinal. R. R. 

2006. Organic seed production in groundnut. Abstract: PS-1-19, In 'Abstracts 

o f the XII National Seed Seminar on Prosperity through Quality Seed. 24-26 

Feb.2006, Jain, S. K., Vari, A. K., Srinivasan, K. and Gupta, A (eds). Indian 

Society of Seed Technology, New Delhi, India, p. 12.

Hussain, F., Bronson, K.F., Singh, Y., Singh, B. and Peng, S. 2000. Use of 

chlorophyll meter sufficiency indices for nitrogen management of irrigated rice 

in Asia. Agron. J., 92 : 875-879.

Hussain, T., Naki, L.H. and Jilani, G. 1991. Comparison of various organic and 

inorganic fertilizer combinations for economical rice production. 

Pakistan J. Soil Sci., 6 : 21-24.



IF A 2007. Best agricultural practices to optimize fertilizer use in India. International 

Fertilizer Industry Association, France, <http://www.fertilizer.org/ ifa/publicat/ 

bap /india.asp> (last accessed:August,2007).

IRRI 1994. IRRI redesigns rice plants to yield more grain. IRRI Reporter, 4 : 1 .

Issac, S.R. 1995. Yield, quality and vigour of bhindi seed as influenced by number of 

harvests and nutrient sources. MSc (Ag) thesis, Kerala Agricultural University. 

Vellanikkara, Thrissur, 112p.

Ito, S. and Sakamoto, S. 1942. Studies on Rice Blast-Report fo r  1941. Ministry of 

Agriculture and Forestry, Tokyo, Japan, 69p.

Jackson, M.L. 1973. Soil Chemical Analysis. 2nd ed. Prentice Hall of India, New 

Delhi, India, 498p.

Jadhav, A.D., Talashilkar, S.C. and Powar, A.G. 1997. Influence of the conjunctive 

use of FYM, vermicompost and urea on growth and nutrient uptake in rice. J. 

Maharashtra Agric. Univ., 22 : 249-250.

Jellink, G. 1964. Introduction to a critical review of modem methods of sensory 

analysis (odour, taste and flavour evaluation, with special emphasis on 

descriptive sensory analysis flavour profile method) J. Nutr. Diet., 1 : 222-233.

Jeong, E.K., Shin, Y.B., Oh, Y.B., Choi, I.H. and Shin, Y.S. 1996. Effect of organic 

matter application on rice growth and grain quality. J.Agric. Sci., 38 : 17-26.

Jeyabal, A. 1997. Agronomic evaluation of bio-digested slurry in rice-blackgram 

cropping system. PhD thesis, Annamalai University, Annamalainagar, Tamil 

Nadu, 225p.

Jha, S., Tripathi, R.S. and Sanjay, M. 2004. Influence of integrated nutrient 

management practices on growth and yield of scented rice (Oryza sativa). Ann. 

Agric. Res. (New Series), 25 : 159-161.

http://www.fertilizer.org/%20ifa/publicat/%e2%80%a8bap%20/india.asp
http://www.fertilizer.org/%20ifa/publicat/%e2%80%a8bap%20/india.asp


Johnkutty, I. and Anilakumaran, K. 1991. Integrated nutrient supply improves 

physical, electro-chemical and biological properties of submerged rice soils. 

Farmer Parliament 3 26 : 11-12.

Juliano, B.0.1979. The chemical basis of rice grain quality. In: Proc. Workshop on 

Chemical Aspects o f  Rice Grain Quality, International Rice Research Institute, 

Los Banos, Philippines, pp. 12-35.

Juliano, B.O. 1990. Rice grain quality: Problems and Challenges. Cereal Food Wld., 

35 :245-253.

Juliano, B.O. 1998. Physico-chemical properties of starch and protein in relation to 

grain quality and nutritional value of rice. Cereal Food Wld., 30 : 651-656.

Juliano, B.O. and Perez, C.M. 1984. Results of a collaborative test on the 

measurement of grain elongation of milled rice during cooking. J. Cereal Sci., 

2:281-292.

Juliano, B.O. and Sakurai, J. 1985. Miscellaneous rice products. In : Rice Chemistry 

and Technology\ Juliano, B.O. (ed). 2nd ed. American Association of Cereal 

Chemists, Minnesota, USA, 730p.

Katyal, V., Gangwar. K.S. and Gangwar,B. 2001.Conservation of organic carbon in. 

relation to crop productivity, yield stability and soil fertility under rice (Oryza 

sativa L.)- wheat (Triticum aestivum) cropping system. Indian J. Agron., 

46 : 1-4.

Katyal, V., Gangwar, K.S., Gangwar, B. and Singh, K.P. 2000. Phosphorus 

management in rice-wheat cropping system. Indian J. of Agron.,45 : 6-11.

KAU 1989. Annual Research Report 1989. Kerala Agricultural University, 

Vellanikkara, Thrissur, Kerala, 146p.



Khamkar, M.G. 1993. Vegetable fanning using vermiculture and organics. Key Note 

Address at the Congress on Traditional Science and Technologies of India. 

Nov. 28 -  Dec. 3, 1993. IARI, New Delhi, India.

Khan, A.R., Chandra, D., Nanda, P., Singh, S.S., Ghorai, A.K. and Singh, S.R. 2004. 

Integrated nutrient management for sustainable rice production. Arch. Agron. 

Soil Sci., 50: 161-165.

Khan, U., Mishra, B., Pachuari, P. and Kumar, Y. 2006. Effect of integrated nitrogen 

management on yield and nutrition of irrigated rice (Oryza sativa). 

Indian J. agric. Sci., 76 : 176-180.

Khanda, C.M. and Dixit, L.l 996. Effect of zinc and nitrogen fertilisation on yield and 

nutrient uptake of summer rice (Oryza sativa). Indian J. Agron., 41 : 368-372.

■ Khanda, C.M., Mandal, B.K. and Gamayak, L.M. 2005. Effect of INM on nutrient 

uptake and yield of component crops in rice (iOryza sativa) based cropping 

system. Indian J. Agron., 50 : 1-5.

Kumar, H.M.P., Meli, S.S. and Angadi, V.V. 2002. Response of scented rice (Oryza 

sativa L.) to integrated nutrient management under upland drill sown condition. 

Res. Crops, 3 : 481 -  487.

Kumari, M.B.D.S., Subbaiah,G., Veeraraghavaiah, R. and Hanumanatharao, G.V. 

2000. Effect of plant density and nitrogen levels on growth and yield of rice. 

Andhra agric. J., 47 : 188-190.

Kumari, R. and Padmavathi, P. 1991. An objective and sensory assessment of cooking 

quality of some rice varieties grown in Andhra Pradesh. J.Food Sci.Technol., 28 

: 31-34.

Kumawat, P.D. and Jat, N.L. 2005. Effect of organic manure and nitrogen fertilization 

on productivity of barley (Hordeum vulgare). Indian. J. Agron., 50 : 200-202.



Kundu, D.K. and Pillai, K.G. 1992. Integrated nutrient supply system in rice and rice 

based cropping systems. Fertl. News, 37 : 35-41.

Kuppuswamy, G., Jeyabal, A. and Lakshmanan, A.R.1992. Effect of enriched bio

digested slurry and FYM on growth and yield of rice. Agric. Sci. Digest, 

1 : 101-104.

Lakpale, R., Pandey, N. and Tripathi, R.S. 1999. Effect of levels of nitrogen and 

forms of pre-conditioned urea on grain yield and nitrogen in plant and soil of 

rainfed rice (Oryza sativa L.), Indian J. Agron., 44 : 89-93.

Leenakumary, S., George, S.P., Bastian, D., Aipe, K.C. and Bai, N.R. 2003. Aromatic 

rices of Kerala. In: A Treatise on the Scented Rices o f  India, Singh, R.K. and 

Singh,U.S. (eds). Kalyani Publishers, Ludhiana, India, pp.317-326.

Mahavishnan, K., Reddy, A.S. and Rekha, K.B. 2004. Effect of nutrient management 

through organic and inorganic sources on yield of rice. Res. Crops, 5 : 156 -  

158.

Mathew, J., Bridgit, T.K. and Joseph, K. 1994. Integration of organic and inorganic 

nutrient sources in transplanted lowland rice. J. trop. Agric., 32 : 166-167.

Me Cready , R.M. and Hassid, W.Z. 1943. The separation and quantitative estimation 

of amylose. Am. Chem. Soc. J., 65 : 1154.

Mondal, S.S., Mondal, T.K., Dandapal, S. and Sarkar, S. 1994. Effect of FYM, zinc 

and NPK fertlizers on yield components and yield of wheat after winter rice in 

West Bengal. J. Interacademicia, 2 : 1-16.

More, S.D.1994. Effect of farm wastes and organic manures on soil properties, 

nutrient availability and yield of rice-wheat grown on sodic vertisols. 

J. Indian Soc. Soil. Sci., 92 : 253-256.



■ Mrudhula, A.K., Ravikumar, A., Rao, P. and Chandrasekhar, K. 2005. Productivity 

and uptake of rice as affected by integrated use of nitrogen. 

Andhra agric. J., 52 : 1-4.

Murwira, H. K. and Kirchmann, H. 1993. Carbon and nitrogen mineralization of cattle 

manure subjected to different treatments. In: Proc. Int. Seminar on Soil Organic 

Matter Dynamics and Sustainability o f Tropical Agriculture, Mulongoy, K. and 

Merckx, R.(eds). International Society of Soil Fertility and Soil Biology, 

Leuven, Belgium, pp. 189-198.

Muthuvel, P.P., Sivasamy, R. Subramanian, V. and Sreeramulu, U.S. 1990. Soil 

fertility under continuous rotational cropping of cotton and pearl millet in a dry 

land vertisol. Madras agric. J., 77 : 48-50.

Naidu, V.K.1987. Mother crop nutritional and agroecological condition in relation to 

polymorphosis, and quality of seed in cowpea (Vigna unguiculata (L).Walp.) 

cv. CO 4. MSc (Ag) thesis, TamilNadu Agricultural University, Coimbatore, 

Tamil Nadu, 145p.

Nehra, A., Hooda, I. S. and Singh, K. P. 2001. Effect of integrated nutrient 

management on growth and yield of wheat (Triticum aestivum). 

Indian J. Agron., 46 : 112-117.

Padmaja, B. and Veeraragahavaiah, A. 1998.Effect of FYM on nutrient uptake and 

fertlizer use efficiency in maize (Zea mays L.). Andhra agric. J., 45 : 236-237.

Padmaja, P., Menon, P.K.G., Rao, G.S.L.H.V.P., Chinnamma, N. P., Geethakumari, 

V. L., George, K. C. and .Kumari, P.S.1993. Sustaining Rice Productivity 

through Integrated Nutrient Management. Kerala Agricultural University, 

Vellanikkara, Thrissur, Kerala, India, 78p.

Palaniappan, SP. and Annadurai, K. 1999. Organic farming- Theory and Practices. 

Scienific Publishers, Jodhpur, India, 243p.



Palm, C.A., Muriwira, H.K. and Carter, S.E. 1997. Organic matter management: from 

science to practice. In: Soil Fertility Research fo r  Maize Based Farming System 

in Malawi and Zimbabwe, Weddington, S.R., Muriwira, H.K., Kumwenda, 

J.D.T., Hikawa,D. and Tagwira, F. (eds). Soil Fertility Network Results and 

Planning Workshop, Africa University, Mutare, Zimbabwe, pp. 72-94.

Panda, D., Samantaray, R.N., Misra, A.K and Senapati, H.K. 2007. Nutrient balance 

in rice. Indian J. Fert., 3 : 33-38.

Pandey, N., Upadhyay, S.K., Joshi, B.S. and Tripathi, R.S. 2001. Integrated use of 

organic manures and inorganic nitrogen fertilizers for the cultivation of low 

land rice in vertisol. Indian J. agric. Res., 48 : 773-780.

Pandey, P.C., Rishi, P.S. and Lai, P. 1995. Green manure substitute for inorganic 

fertilizer nitrogen in lowland rice. IRRN, 20 : 22-23.

Panse, V.G. and Sukhatme, P.V. 1985. Statistical Methods for Agricultural Workers. 

4th ed. Indian Council of Agricultural Research, New Delhi, India, 347p.

Paramasivam, V. and Balamurugan, P. 2006. Organic sources of nutrients on ground 

nut seed production. Abstract: PS-1-57, In :Abstracts o f the XII National Seed 

Seminar on Prosperity through Quality Seed. 24-26 Feb.2006, Jain, S. K., Vari, 

A. K., Srinivasan, K. and Gupta, A (eds). Indian Society of Seed Technology, 

New Delhi, India, p.30.

Parcer, C.S. and Chahal, D.S. 1963. Sheath blight of rice caused by Rhizoctonia 

solani Kuhn - a new record in India. Curr. Sci., 32 : 328-329.

Parasuraman, P., Mani, A.K. and Suresh, M. 2003. Impact of coirpith in rice-rice crop 

sequences. Madras agric. J., 90 : 232-235.

Peeran, S .N. and Sreeramulu, U. 1995. Influence of urea, organic manures, 

Azospirillum and growth regulators on the yield of rice. Oryza, 32 : 28-32.



Pillai, P.B. and Ajithkumar, B. 2006. Weather in the incidence of pests and diseases. 

In: Textbook o f  Agi'icultural Meteorology, Varshneya, MC. and Pillai, P.B. 

(eds). Indian Council of Agricultural Research, New Delhi, India, pp. 154-159.

Pillai, P.S. 1998. Integrated nutrient management rice based cropping systems of 

Onattukara tract. PhD thesis, Kerala Agricultural University, Vellanikkara, 

Thrissur, 340p.

Pillaiyar, P. and Mohandoss, R. 1981. A processing device to measure the texture of 

cooked rice. J. Texture Stud., 12 : 473-481.

Porwal, M.K., Bhatnagar, G.S. and Chapol, P.G.1994. Effect of nimin-coated urea 

and other sources at graded level of nitrogen in lowland rice (iOryza sativa). 

Indian J. Agron., 39 : 635-637.

Prakash, V., Bhatnagar, V.K. and Singh, P. 1990. Response of spring rice to fertilizer 

practices in rice-rapeseed rotation. Int. Rice Res. Newsl., 14 : 34-35.

Prakash, Y.S., Bhadoria, P.B.S., Rakshit, A. and Wais, A.2003. Response of basmati 

rice to integrated nutrient sources in latertic soil of Eastern India. Ital. J. Agron., 

6 : 143-150.

Pramanik, S.C. and Mahapatra, B.S. 1994. Integrated use of inorganic and organic 

fertilizer in lowland rice. J. Andaman Sci. Assoc,, 10 : 82-84.

Prasad, U.K., Prasad, T.N. and Kumar, A. 1992. Response of direct seeded rice to 

levels of nitrogen and irrigation in calcareous soil. Indian J. Agron., 37 : 

686:689.

Puste, A. M., Mandal, S. S., Bandhopadhyay, S. and Sounda, G. 1996. Effect of 

integrated fertilizer management in conjunction with organic matter on the 

productivity of rainfed, transplanted rice. Paper presented at National Seminar 

on Organic fanning and Sustainable Agriculture. Oct. 9-11, 1996, University 

of Agricultural Sciences, Bangalore, India.



Raju, S.N. and Reddy, M.N. 2000. Integrated management of green leaf, compost, 

crop residues and inorganic fertilizers in rice (Oryza sativa L.)- rice system. 

Indian J. Agron., 45 : 629-635.

Rani, N., Shobha, K., Pandey, M.K., Prasad, G.S.V. and Sudharshan, I. 2006. 

Historical significance, grain quality features precision on breeding for 

improvement of export quality basmati varieties in India. Indian J. Crop Sci., 

1 :29-41.

Ranjini, P.R. 2002. Integrated nutrient management for upland rice (Oryza sativa L.). 

MSc (Ag) thesis, Kerala Agricultural University, Vellanikkara, Thrissur, 106p.

Ranwa, R.S. and Singh, S.P.1999. Effect of integrated nutrient management with 

vermicompost on productivity of wheat (Triticum aestivum). Indian J.Agron., 

44 : 554-559.

Rao, E.V.S.P. and Prasad. R. 1980. Nitrogen leaching losses from conventional and 

new nitrogenous fertilizers in low land rice culture. Plant Soil, 57 : 383-392.

. Rao, K.S., Moorthy,B.T.S., Lodh,S.B. and Sahoo, K.1993. Effect of graded levels of 

nitrogen on yield and quality of different varieties of scented rice (Oryza sativa 

L.) varieties in coastal Orissa. Indian J. agric. Sci., 66 : 333-337.

Rathore, A.L., Chipde, S. J. and Pal, A.R. 1995. Direct and residual effects of 

bioorganic fertilizers in rice (Oryza sativa) - wheat (Triticum aestivum) 

cropping system. Indian J. Agron., 40 : 14-19.

Reddy, M., Ramalakshmi, S., Rao, C. N., Rao, K.V., Sitaramayya, M., Padmaja, G. 

and Lakshmi. T.R. 2006. Effect of long term integrated nutrient supply on soil 

chemical properties, nutrient uptake and yield of rice. Indian J. Fert., 2 : 25-28.

Reddy, M.S. and Reddy, D.S. 2003. Nutrient uptake and quality of rice as influenced 

by different nitrogen management practices. Res. Crops, 4 : 291 -294 .



Reddy, P.R., Manna, G.R., Rao, K.S. and Moorty, B.T.S. 1989. Effect of nitrogen on 

bacterial leaf streak (BLS) and bacterial blight (BB) disease in some scented 

rice varieties. Int. Rice Res. Newsl.,14 : 21-22.

Reddy, R.N.S. and Prasad, R. 1975. Studies on mineralization of urea and nitrification 

inhibitory properties of neem cake treated urea in soil. J. Soil Sci., 26 : 304-312.

Reddy, V.R.M. and Mishra, B.1983. Effect of altered soil urease activity and 

temperature on ammonia volatilization from surface applied urea. 

J. Indian Soc. Soil. Sci., 31 : 143-145.

Roul, P.K. and Mahapatra, P.K. 2006. Integrated nitrogen nutrition in rice based 

cropping systems - a review. Agric. Rev., 27 : 60-66.

Roy, H.K., Kumar, A., Sarkar, A.K., Prasad, R., Dubey, S.C. and Kumar, A. 1997. 

Yield, nutrient uptake, pest and disease incidence in upland rice as influenced 

by N, K and FYM application in acid sedentary soils. J. Potss. Res., 13 : 131- 

136.

Russel, E. W.1973. Soil Conditions and Plant Growth. 8th ed. Longmans Green Co. 

Ltd., London, 483p.

Saha, S., Pandey, A. K., Gopinath, K. A., Bhattacharya, R., Kundu, S. and Gupta, H.

S. 2007. Nutritional quality of organic rice grown on organic composts. 

Agron. Sustain. Div., 27 : 223-229.

Satyanarayana, P. 1986. Efficiency of urea and urea super granules at different levels 

of nitrogen at different times of application in wet land rice. MSc (Ag) thesis, 

Acharya N.G. Ranga Agricultural University, Hyderabad, Andhra Pradesh, 

154p.

Saxena, D.C., Munda, G.C. and Hazarika, U.K. 1999. Studies on the yield potential 

of pre-release wet land rice. In : Annual Report for 1997-98, ICAR Research 

Complex for North-East Hill Region, Shillong , Meghalaya, 145p.



Saxena, R.C., Justro, H.D. and Epino, P.B.I983. Evaluation and utilization of neem 

cake against the Brown plant hopper Nilaparvata lugens .Proc.2nd Int Neem 

Conf., Rauis Cholzhausen, pp.391-402.

Schnier, H.F., Dingkuhn, M., De Datta, S.K., Marquesses, E.P. and Familo, J.E. 1990. 

Nitrogen -15 balances in transplanted and direct seeded flooded rice as affected 

by different methods of urea application. Biol. Fertl. Soils, 10 : 89-96.

Selvi, D., Santhy, P. and Dakhinamoorty, M. 2003. Efficacy of long term integrated 

plant nutrient management on important soil properties in Inceptisol. 

Madras agric. J., 90 : 656-660.

Sengar, S.S., Wade, L.J., Beghel, S.S., Singh, R.K. and Singh, G. 2000. Effect of 

nutrient management on rice (Oiyza sativa L.) in rainfed lowland of south east 

Madhya Pradesh. Indian J. Agron., 45 : 315-322.

Sharma, A.K. 1994. Fertilizer management in rainfed dry land rice under excess water 

conditions. Fertl. News, 59 : 35-44.

Sharma, A.R. and Mittra, B.N. 1990. Complementary effect of organic, bio and 

mineral fertilizers in rice based cropping system. Fertl. News, 35 : 43-51.

Sharma, A. R. and Mittra, B. N. 1991. Direct and residual effects of organic materials 

and phosphorus fertilizers in rice based cropping system. Indian J. Agron., 36 : 

299-303.

Sharma, A.R. and Mittra, B.N. 1992. Integrated nitrogen management in rice (Oiyza 

sativa) wheat (Triticum aestivum) cropping system. Indian J. agric. Sci., 62 : 

70-72.

Sharma, G.D. and. Sharma, H. L. 1994. Utilization of weed plants as organic manure 

under different methods of rice (Oryza sativa) establishment. 

Indian J. agric. Sci., 64 : 184-186.



Sharma, H.L., Singh, C.M. and Modgal, S.C.1987. Use of organics in rice-wheat crop 

sequences. Indian J. agric. Sci., 57 : 163-168.

Sheena, S.L. 2002, Performance of basmati rice (Oryza sativa) varieties as influenced 

by date of planting. MSc (Ag) thesis, Kerala Agricultural University, 

Vellanikkara, Thrissur.l33p.

Siddiq, E.A. 1990. Export prospects for Indian basmati rice. Indian Fmg., 40 : 45-47.

Sikka, K.C., Lodha,M.L.and Mehta,S.I. 1993. Nutritional quality of cereal and grain 

legume proteins. In: Recent Advances in Plant Biochemistry, Indian Council of 

Agricultural Research, New Delhi, India, 1 lOp.

Simpson, J.E., Adair, C.R., Kohler, G.O., Dowson, E.H., Dobald, H.A., Kester, E.B. 

and Klick, J.J. 1965. Quality Evaluation Studies o f Foreign and Domestic 

Rices. Technical Bulletin No 1331, USD A, 186p.

Sindhu, M.S. 2002. Nutrient management for basmati rice (Oryza sativa L.) in wet 

lands. MSc (Ag) thesis, Kerala Agricultural University, Vellanikara, 

Thrissur,130p.

Singh, A.K., Amargain, L.P. and Sharma, S.K. 2000. Root characaterstics, soil 

physical properties and yield of rice (Oryza sativa L.) as influenced by 

integrated nutrient management in rice-wheat (Triticum aestivum) system. 

Indian J. Agron., 45 : 217-222.

Singh, B.P., Chahal, R.S and Singh, M. 1981. Fertility management through organic 

and inorganic fertilizers in bajra-wheat crop sequence. Fertl. News, 26 : 16-19.

■ Singh, G., Kumar, T., Kumar, V., Singh, R.G. and Sharma, R.B. 2002. Effect of INM 

on transplanted rice ( Oryza sativa) and its residual effect on succeeding wheat 

( Triticum aestivum) crop in rainfed low lands. Indian J. Agron., 47 : 311-317.



I I '

Singh, G. and Singh, O.P. 1994. Effect of slow- release urea materials on rice and 

succeeding wheat. Ann. Agric. Res., 15 : 337-340.

Singh, G., Singh, O.P., Singh, R.G., Mehta, R.K., Kumar, V. and Singh R.P. 2006a. 

Effect of integrated nutrient management on yield and nutrient uptake of rice 

{Oryza sativa) - wheat {Triticum aestivum) cropping system in lowlands of 

eastern Uttar Pradesh. Indian J. Agron., 51 : 85-88.

Singh, G., Wade, L.H., Singh, B. B., Singh, R.K. and Singh, V.P. 2001b. Nutrient 

management in semi-deep water (30-50cm) rice {Oryza sativa) and its effect on 

succeeding lentil {Lens culinaris) crop. Indian J. Agron., 46 : 12-16.

• Singh, K. and Verma, H.D.1990. Response of wheat varieties to sowing dates and 

fertility levels. Indian J. Agron., 35 : 424.

Singh, M. V., Tripathi, H. N. and Tripathi, H. P. 1997. Effect of nitrogen and planting 

date on yield and quality of scented rice {Oryza sativa), Indian J. Agron., 

42 : 602-606.

Singh, N.B. and Verma, K.K. 1999. Integrated nutrient management in rice-wheat 

crop sequences. Oryza, 36 : 171-172.

Singh, R.1993. Starch metabolism in higher plants. In : Recent Advances in Plant 

Biochemistry, Indian Council of Agricultural Research, New Delhi, India, 1 lOp.

Singh, R.K. and Singh, U.S. 2003. A Treatise on the Scented Rices o f India. Kalyani 

Publishers, Ludhiana, India, 495p.

Singh, S.K., Varma, S.C. and Singh, R.P. 2001a.Effect of integrated nutrient 

management on yield , nutrient uptake and changes in soil fertlity under rice 

{Oryza sativaL.)-\e,nti\ {Lens culinaris) cropping system. Indian J. Agron., 46 : 

191-197.



Singh, S.P., Sreedevi, B., Kumar, R.M. and Subbaiah ,S.M. 2006b. Influence of 

organic and inorganic fertilizers on seed yield of rice hybrid DRRH-1. Abstract: 

PS-1-94, In : Abstracts o f the XU National Seed Seminar on Prosperity through 

Quality Seed. 24-26 Feb.2006, Jain, S. K., Vari, A. K., Srinivasan, K. and 

Gupta, A (eds). Indian Society of Seed Technology, New Delhi, India, p.47.

Singh, U.S., Rohilla, R. Srivastava, P.C., Singh, N. and Singh, R.K. 2003. Environ . 

mental factors affecting aroma and other quality traits. In: A Treatise on the 

Scented Rices o f  India, Singh, R.K. and Singh, U.S.(eds). Kalyani Publishers, 

Ludhiana, India, pp. 144-164.

Singh, V. 2006. Productivity and economics of rice (Oryza sativa) - wheat (Triticum 

aestivum) cropping system under integrated nutrient supply system in recently 

reclaimed sodic soil. Indian J. Agron., 51 : 81-84.

Singh, V.B., Rathi, K.S., Shivay, Y.S. and Singh,R. 1998. Economics of rice in the 

field after nursery. Ann. Agric. Res., 19 : 22-25.

Singh, Y., Pannu, R.P.S., Singh, B. and Khind, C.S.2005. Leaching of potassium from 

organic manures, crop residues and inorganic fertlizers in two soils under 

flooded and upland moisture regimes. J. Indian Soc. Soil. Sci.,53 : 207-213.

Sinha, N.P., Prasad, B. and Ghosh, A.V.1981. Effect of continuous use of fertilizers 

on yield and nutrient uptake in a wheat- soybean- potato cropping system.

J. Indian Soc. Soil Sci., 29 : 537-542.

Srivastava, L. 1997. Quality standards of food grains in India. Lecture Notes o f  the 

Short Course on Recent Developments in Grain Processing, College of Home 

Science, Acharya N.G. Ranga Agricultural University, Hyderabad, Andhra 

Pradesh, 4-23 August, 1997, pp. 18-20.

Subbaiah, S.V., Pillai, K.G. and Singh, R.P.1983. Effect of complementary use of 

organic and inorganic sources of nitrogen on the growth, nitrogen uptake and 

grain yield of rice variety ‘Rasi’. Indian J. agric. Sci., 53 : 325-329.



Subbaiah, S.V. 2006. Rice-several options being tapped. In : The Hindu Survey o f  

Indian Agriculture. M/S Kasturi and Sons Ltd., National Press, Kasturi 

Buildings, Chennai, India, pp.50-54.

Subbiah, D.V. and Asija, G.L. 1956. Rapid Procedure for estimation of available 

nitrogen in soil. Curr.Sci., 25 : 259-260.

Sudha, B. 1999. Nutrient management for yield improvement of transplanted rice 

(iOryza sativa) in the southern region of Kerala. MSc(Ag) thesis, Kerala 

Agricultural University, Vellanikkara, Thrissur. 132p.

Sujathamma. P., Rao, G.P. and Rajesekhar, D. 2001. Nitrogen dynamics in rice- 

ground nut cropping system. Andhraagric. J., 48 : 223-226.

Suwanarit, A., Kreetapriom, S., Buranakam, S., Varanyanond, W., Tungtrakul, P., 

Somboonpong, S., Rattapat, S., Naklang, K., Rotjanakusal, S. and Pomurisnit, 

P.1996. Effect of nitrogen fertilizer on grain qualities of Khao Dawk Mali-105. 

Kasetsart J. Nat. Sci., 30 : 458-474.

Swaminathan, M.1974. Essentials o f Food and Nutrition- //, Ganesh and Co., 

Chennai, India, 5 15p.

Swarup, A., Reddy, D.D. and Prasad, R.N. 1998. Long-term Soil Fertlity Management 

through Integrated Plant Nutrient Supply. Indian Institute of Soil science, 

Bhopal, Madhya Pradesh, India, 254p.

Tisdale, S.L., Nelson, W.L and Beaton,'J.D. 1995. Soil Fertlity and Fertlizers. 5th ed. 

Me. Millan Publishing Co., New York, USA, 733p.

Tiwari, K.N., Pathak A.N. and Ram, H. 1980. Green manuring in combination with 

fertilizer N in rice under double cropping system in alluvial soil.

J. Indian Soc. Soil Sci., 28 : 162-69.



Tiwari, V. N., Singh, H. and Upadhay, R.M. 2001.- Effects of organic manure and 

blue green algae on yield, yield attributing characteristics of rice and soil 

productivity under sodic soil conditions. J. Indian Soc. Soil Sci., 49 : 332-336.

Tripathi, B.N and Chaubey , C.N. 1996. Effect of organic sources of plant nutrients in 

conjunction with chemical fertilizers on the bulk density, yield and uptake of 

nutrients by rice. Oryza, 33 : 200-207.

Tripathi, N., Verma, R. S. and Verma, O. 2007. Effect of organic fertilization on the
thgrain quality of basmati rice. Abstract : 136. In : Proc. 94 Session o f Indian 

Science Congress, 3-7 Jan. 2007, Indian Science Congress Association,

Kolkata, India, p.86.

Tripathi, S., Singh, R., Namdeo, K. N., Dwivedi, V. D. and Shukla, N. P. 1995. 

Efficiency of multi micro nutrients on growth, yield and quality rice varieties. 

Crop Res., 10: 153-158.

Trubat, R., Cortina, J. and Vilagrosa, A. 2006. Plant morphology and root hydraulics 

as altered by nutrient deficiency in Pistacia lentiscus (L.). Trees-Struct. Funct., 

20 :334-339.
t

Unnever, L.J., Duff, B. and Juliano, B.O. 1992. Consumer Demand fo r  Rice Grain 

Quality. International Rice Research Institute, Manila, Philippines, 283p.

USDA 1980. Report and Recommendations on Organic Farming. United States 

Department of Agriculture, US Govt. Printing Office, Washington DC, 94p.

Usman, M., Ullah, E. Warriach, E. A, Farooq,-M. and Liaquat, A. 2003. Effect of 

organic and inorganic manures on growth and yield of rice variety Basmati- 

2000. Int. J. of Agric. Biol.,’5 : 481-483.

Vardharaju, N., Sreenarayanan, U.V. and Thyumanavan, B. 2001.Effect of moisture 

content, temperature and contact time on milling and cooking qualities of rice 

in conduction parboiling. J. Food Sci. Technol., 38 : 509-511.



Varghese, A. 1993. O rganic farm ing for a prosperous future in sandy tropics. Paper 

presented at the International W orkshop on Sustainable Farm ing (SaFE-93). 

April 28-30, 1993. Kochi, Kerala, India.

Varma, T. S. and Dixit, S. P. 1989. Paddy straw  m anagem ent in w heat paddy 

cropping system  in N orth-W est H im alayan soils. Oryza, 26 : 48-60.

Veenapal, S and Pandey, J.P. 2000 .Effect o f  storage on rice yield recovered. 

J.Food Sci. Technol., 37 : 427-429.

Velayudham , K., A runachalam , V.A., V eerabadra, S., M onoharan, P. and 

B alasubram aniyan, K. 1996. E ffect o f  organic wastes on grow th and yield o f  

rice. Indian J. Agron., 41 : 584-585.

Verma, A., N epalia, V. and Kanthaliya, P.C. 2006. Effect o f  integrated nutrient 

supply on growth, yield and nutrient uptake by m aize (Zea mays) -wheat 

(Triticum aestivum) cropping system . Indian J. Agron., 51 : 3-6.

*W aghmer, D .N., 1998. Effect o f  organic m anuring in cotton. M Sc (Ag) thesis, 

Panjabrao Deshm ukh Krishi V idyapeeth, A kola, M aharashtra, 145p.

Y adav, R. D. S. and Srivastava, J. P. 2006. S tudies on organic seed production in 

wheat. A bstract: P S-1-112, In : Abstracts o f the XII National Seed Seminar on 

Prosperity through Quality Seed. 24-26 Feb.2006, Jain, S. K., Vari, A. K., 

Srinivasan, K. and Gupta, A (eds). Indian Society o f  Seed Technology, N ew  

Delhi, India, p.55.

Yadav, R.L., Prasad, K., G angawar, K.S. and Dw ivedi, B.S. 1998. Cropping system s 

and resources use efficiency. Indian J. agric. Sci., 68 : 548-558.

Yifang, T. and Corke, H. 2002. Factor analysis o f  physico-chem ical properties o f  

varieties. J. Sci. A gric., 82 : 455-752.



I zt-l

Yoshida, S. 1981. Effect o f  m ineral nutrition on tillering o f  rice. Soil Sci. Plant Nutr.,

1 6 : 186- 191 .

*Zia, M .S., M unsif, M. A. and Gill, M. A. 1992. Integrated use o f  organic m anures 

and inorganic fertlizers. Soil Sci. Plant N utr., 38 : 331-338.

* Originals not seen





APPENDIX-I

Weather parameters during the cropping period 
(September, 2006 to January, 2007)

Standard
week

Maximum
temperature

CO

Minimum
temperature

(°C)

Mean
relative

humidity
(%)

Rainfall
(mm)

Evaporation 
(mm day'1)

38 29.7 22.8 88.5 167.0 2.4

39 30.3 23.0 85.8 105.4 4.2

40 30.4 23.1 88.3 39.9 4.6

41 30.5 23.0 87.2 86.1 3.3

42 30.4 22.7 87.8 176.9 3.2

43 29.6 22.8 89.0 194.3 3.0

44 29.4 22.3 88.9 110.8 2.9

45 30.0 23.4 87.9 46.6 2.7

46 29.9 23.1 89.2 54.3 2.9

47 31.3 22.3 84.5 82.7 2.4

48 31.8 23.1 84.4 23.6 3.4

49 30.8 21.8 81.1 0.0 3.1

50 31.6 22.4 85.4 6.0 3.1

51 31.4 22.6 81.9 0.0 3.4

52 32.2 21.6 82.1 0.0 3.8

01 31.3 19.9 77.2 0.0 4.2

02 31.9 22.1 78.0 0.0 4.4

03 • 32.2 21.7 77.2 0.0 4.2

04 31.2 21.2 79.3 0.6 4.3

' 05 31.9 22.0 79.0 0.0 4.4
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ABSTRACT

A study entitled “Integrated nutrient management for basmati rice {Oryza sativa 

L.) production” was undertaken at the Cropping Systems Research Centre, Karmana, 

Thiruvananthapuram, Kerala, from September 2006 to January 2007, with the main 

objective of evaluating the relative efficiency of different integrated nutrient 

management practices on the yield and quality of basmati rice.

The experiment was laid out in (4 x 2) + 2 Randomized Block Design with three 

replications. The treatments comprised two organic sources (Mi- FYM, M2- FYM + 

neem cake) and four levels of inorganic substitution .with organics (Lj- 25 percent 

• substitution, L2- 50 percent substitution, L3 - 75 percent substitution, L4 -100 percent 

substitution.) compared against two controls (absolute control, standard practice). The 

test variety was Pusa Basmati-1.

The response of the growth characters (plant height, tiller count and LAI) was 

more pronounced with respect to the levels of substitution than the organic sources. 

Substituting the entire quantity of the standard dose of fertilizers (SDF) and 50 

percent substitution of SDF with organics were more or less equally effective in 

boosting the vegetative growth of basmati rice.

Between the two organic sources tried, the application of FYM and among the 

levels of substitution, 25 percent substitution recorded higher shoot biomass. The 

combined application of FYM + neem cake (M2) and 50 percent substitution of SDF 

with organics (L2) resulted in higher panicle biomass.

The higher number of productive tillers, spikelets per panicle and a lower 

sterility percentage supported by substituting 50 percent of SDF with FYM + neem 

cake, reflected upon the grain yield also. This treatment combination was at par with 

the standard practice.



Though the cooking properties were not influenced by INM, in general, the 

optimum cooking time was lower and the volume expansion and grain elongation 

ratios were higher at 50 percent substitution of SDF with organics. Integration of 

chemical fertilizers and organics maintained a higher crude protein and intermediate 

amylose content. The organoleptic test rankings were higher for 75 percent and 50 

percent substitution with FYM + neem cake. Integrated nutrient management was 

observed to produce grains, which were as good as or even better than the market 

sample, with the respect to grain quality attributes studied.

Application of FYM to the substitute chemical fertilizers resulted in higher 

uptake of nitrogen and potassium. The phosphorus uptake was maximum with 100 

percent organic nutrition.

The agronomic efficiency and apparent recovery efficiency of basmati rice 

improved significantly when 50 percent of the chemical fertilizers were applied as 

FYM + neem cake. This treatment was at par with the standard practice.

The organic carbon, available nitrogen and available phosphorus status of the 

soil remained unaffected after the experiment. Application of FYM in conjunction 

with neem cake as a substitute for chemical fertilizers, improved the available 

potassium status of the soil.

Considering organic sources tested, application of FYM was more remunerative 

than the combined application of FYM + neem cake. The effect of substitution on net 

income and BCR was not significant. Between the various treatment combinations 

including controls, the standard practice, 25 percent substitution of chemical 

fertilizers with FYM and 50 percent substitution fertilizers with FYM + neem cake 

were at par.

The study indicated that the response of basmati rice to INM was at par with the 

standard practice. However, considering the multifaceted benefits of organics, on 

crop yield, quality and soil health, integrated nutrient management needs to be 

emphasized. Thus it could be concluded that, the treatment combination where in 50 

percent of the standard dose of fertilizers was substituted with a combination of FYM



and neem cake, was a better option than the application of chemical fertilizers alone 

for achieving higher yields and quality in basmati rice.

Substituting the entire dose of chemical fertilizers with organics (L 4) was found 

to improve the growth, yield, nitrogen use efficiency and nutrient uptake in basmati 

rice. The volume expansion and crude protein content were better at 100 percent 

organic nutrition. Thus the present study also revealed the possibility of adopting 

organic nutrition in basmati rice without any appreciable reduction in yield and 

quality.


