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INTRODUCTION



1. IN T R O D U C T IO N

Kerala which is chronical ly short in food grain production,  is 

conf ronted with  a serious problem o f  retaining even the small  area under 

cul t ivat ion.  Despite  governmental  support for rice production,  from mid 

seventies  onwards  Kerala witnessed  a change in cropping patterns. Now 

in Kerala,  rice occupies an area o f  about 3.49 lakh ha which forms only 

1 1.75 per  cent  o f  the gross cropped area (FIB, 2001) and contr ibutes 7.71 

lakh tonnes  to our food grain production.  With the current  rate o f  grain 

production,  our stale can meet  only 20 per  cent o f  the demand and the rest 

met by government dis tr ibution through public distr ibution system and 

import  by private traders.

A large part o f  K era la ’s paddy lands gave way for cult ivat ion o f  cash 

crops like coconut,  arecanut,  banana,  tapioca and even planta t ion crops 

like rubber.  This  shift in cul t ivat ion  is mainly due to the high cost o f  

production  o f  rice with  little or  no net returns.  It is seen that paddy has 

the lowest  gross income am ong  various  crops cult ivated in Kerala. This  is 

due to the increase in input costs  more  than proport ionately to the price of  

the produce.  Thus low profit o f  rice cultivat ion and at tract ive al ternat ive 

crops are driv ing out  the farmers from paddy cult ivat ion.

In Kerala,  the policymakers  are now giving much thrust for retaining 

the rice areas so as to serve for food securi ty and environmental  security. 

To protect  rice farming,  first and foremost  thing that has to be ensured is a 

reasonable  return to the farming community.  In this context ,  cul t ivat ion 

o f  basmati  rice which is highly remunera t ive  is gaining populari ty among  

the farmers  o f  Kerala.

Basmati  rice is an elite group among rice varieties  which is 

d is t ingu ished by acceptable grain quali ty trai ts like aroma, elongation o f  

grains after  cooking,  higher volume expansion ratio, non-sl icky texture



etc. Although the yield o f  scented rice varieties  is comparat ively low, the 

price is three t imes the price o f  com m on rice. It is produced exclusively 

in specif ic  geographical  areas o f  India and Pakistan.  N ow  reports  are 

avai lable  on the successful  cul t ivat ion  o f  basmati  rice in wetlands o f  

Kerala.  But  systematic s tudy on agro- techniques  o f  basmati  rice has not 

yet been conducted  in Kerala.

Nutr ient  management has got profound influence on basmati  rice 

with regard to yield and quality.  Apart  from the quantity o f  nutr ients ,  the 

source o f  nutr ients  also has got correlat ion with yield, aroma and quali ty 

o f  grains (Dutta  et a l ., 1999), Integrat ion o f  organic and inorganic sources 

o f  nutr ients  is the best solution for yield improvement.  The use o f  organic 

manures  which supplement the chemical  ferti lizers is also a solut ion for 

the increas ing  ferti l izer prices which often prevent the farmers from using 

the r ecom m ended  dose o f  nutr ients . Thus it saves the cost o f  production 

and maintain soil fertility and rhizosphere  environment by improving the 

physico-chemical  propert ies  o f  paddy soils without hindering the 

product ion o f  succeeding crop (Tiwari  and Tripathi,  1998).

A m ong  the organics, farmyard manure  (FYM) is the most  commonly  

used bulky  organic manure.  Higher eff iciency o f  FYM in producing 

higher yield and improving chemica l  properties o f  soil compared  to urea 

was revealed in a s tudy conducted by Gomes  el al. (1983). Verma (1990) 

sugges ted incorpora t ion o f  FYM for saving 50 per cent o f  inorganic 

ferti lizers in paddy crop  and Tripathi  and Chaubey (1996) opined that 

incorpora t ion o f  FYM in combinat ion with inorganic ferti lizers 

econom izes  the ferti l izer  need.

Verm icom pos t  is also regarded as a potential  source due to the 

presence  o f  readily available plant nutrients,  growth enhancing  substances 

and a number  o f  beneficial  micro organisms.  Vermicompos t  can subst itute 

or  com plem en t  chemica l  fertilizers. It contains various amino acids and



minerals which humidify the organic matte r  in the. surrounding soil and 

acts as a biofert i l i zer  for plants  (Shanbhag,  1999).

Keeping these views under considera t ion,  the present  invest igat ion 

entitled “Nutr ien t  management for basmati  rice (O ryza sativa  1,.) in 

w etlands” was undertaken to derive an op timum package for nutr ient 

management for basmati  rice in wetland condition.



REVIEW OF LITERATURE



Aromatic  or scented r ices have occupied a prime posi t ion in Indian 

society not only  because o f  their  high quali ty,  but  also because they had 

been considered auspicious (Ahuja et al., 1995). The basmati  type among 

them is accepted as the best scented,  longest  and slenderest  rice in the 

world and the Indian subcontinent  cont inues  to be its homeland.  Now 

reports  are available on the successful  cult ivat ion o f  basmati  rice in 

wetlands in different  parts o f  Kerala.  But the yield o f  basmati rice 

varieties  is comparat ively  low, probably  due to lack o f  information on 

proper agronomic  management pract ices especial ly on nutr ient 

management.

Chem ical  ferti lizers are cost ly inputs and their  use pose problems on 

soil heal th and pollut ion on a long run. The con junctive use o f  organic 

manures  and inorganic ferti l izers  increases the eff iciency o f  applied 

nutrients and improves soil heal th and quality o f  grains. So the present 

s tudy was  thus based on an integrated nutr ient  supply which is important  

to sustain higher levels o f  soil fertility and crop productivi ty.  Since there 

are only limited research works 011 nutr ient  management  o f  basmati  rice, 

relevant l i terature on nutr ient  management o f  other  varieties  o f  rice was 

also rev iewed with emphasis  on different  levels o f  nitrogen (N), organic N 

sources,  NPK ratios and com bined  app licat ion o f  organic and inorganic 

nutrients as given in this chapter .

2.1 EFFECT OF NITROGEN LEVELS ON GROWTH AND YIELD OF RICE

2.1.1 Effect on Growth Parameters

2.1.1.1 Plant H eig h t

Increase in plant height  due to incremental  doses o f  N has been 

reported by many workers  (Balasubramanian ,  1980; Datta and Surjith, 

1981; Yoshida.  1981; Singh and Sharma,  1987). Reddy and Reddy (1989)



s

observed  significantly enhanced plant  height  in rice with N ferti lization.  

Accord ing to Gupta (1996),  increas ing levels o f  N from 0 to 80 kg ha"1 

signif icantly enhanced plant height  in rice. Similar  results were also 

reported by Dwivedi  (1997),  Behera  (1998) and Chopra and Chopra  

(2000). Lin et al. (1997) reported that plant height significantly increased in 

Basmati-370 with N applicat ion.  Same result  was  also reported by Singh 

and Prasad (1999). Kumari  el al. (2000) observed taller plants at higher 

doses o f  N (120 kg h a ' !) a p p l i c a t io n .  J a i s w a l  and S ingh  (2001 )  repor ted  

that a p p l i c a t io n  o f  120 kg N h a ' 1 r e c o rd e d  s ig n i f i c a n t ly  h ig h e r  plant  

he igh t  in r ice than  60 kg N ha"1.

2.J.J.2 Tiller count

Lenka and Behra (1967) and Datta and Surjith (1981) reported that 

tiller product ion in rice increased with increase in N level. Singh et al. 

(1983) observed that ti ller  number  in rice was favourably inf luenced by N 

up to 80 kg h a ' !. Simi lar  findings were reported by Dalai and Dixit (1987). 

Munda  (1989) concluded that higher  levels  o f  N signif icantly improved 

ti ller  product ion in rainfed rice.

2.1.1.3 L e a f  A rea  Index  (LAI)

Prasad et al. (1992) concluded  that LAI increased with increase in 

nitrogen level upto 80 kg ha"1 in rice. A signif icant  increase in the LAI of  

medium durat ion rice was reported by Babu (1996) with the highest  level 

o f  120 kg ha ' 1 o f  N over  normal rate o f  90 kg N h a ' 1. Increase in LAI o f  

rice with increase in ni trogen rates upto 120 kg ha ' 1 was also reported by 

Jaiswal and Singh (2001).

2.1.1.4 D rym at ter  Production  (D M P ')

Sannigrahi and Mendel  (1984) reported that due to the beneficial  

effect o f  N on ti ller ing and vegetat ive growth,  there was more 

accumulat ion o f  drymatter  at all s tages o f  sampl ing in rice with increase in 

N level from 0 to 120 kg ha"1. S imi la r  results were also reported by



Reddy et al. (1986) and Sudhakar el al. (1986). Subbiah and Palaniappan 

(1988) concluded that N appl ied  at 80 kg ha ' 1 increased drymatter 

accumula t ion in rice. Signif icant  increase in drymat ter  accumula t ion o f  

rice with increase in N levels from 0 to 150 kg ha ' 1 has been reported by 

Hari el al. (1997).  In rice, DMP increased with increase in the level o f  N 

(Kumari  et a l ., 2000; Singh and Singh,  2000a) and m ax im um  drymatter  

was obta ined at 90 kg h a ' 1.

2.1.2 Effect on Yield Attributes

2.1.2.1 N um ber  o f  Product ive  Tillers HUT1

Sing el al. (1990) observed that the important  yield determinant  of  

rice i.e., panicles m'  increased with increasing rates o f  ni trogen.  Similar  

result was reported by Rao et al. (1993) in scented rice. Incremental  

doses o f  N increased the number o f  panic les  p lan t ' 1 in rice and recorded 

maxim um panicles plant’1 at 120 kg N ha ' 1 (Dwivedi ,  1997; Behera,  1998; 

Lakpale et al., 1999; Chopra and Chopra,  2000; Kumari  et al., 2000).  

Singh and Singh (2000b)  reported that appl ica t ion o f  150 per cent of  

recommended  dose o f  N (75 kg ha ’1) gave significantly higher number of  

panicle densi ty in rice.

2.1.2.2 Length  o f  Panic le

Sing et al. (1990) observed that the length o f  panicle increased 

significantly with increasing rates o f  N in rice. Accord ing to Gupta

(1996), increasing levels o f  N from 0 to 80 kg ha ' 1 signif icantly increased 

panicle length in rice. In scented rice, N appl ica t ion upto 100 kg ha ' 1 

resulted in s ignif icant  increase in panicle length (Singh et al., 1997). 

However,  Chopra and Chopra (2000) reported that  the panicle length in 

scented rice remained  unaffected due to nitrogen.

2.1.2.3 Weight o f  Panic le

In scented rice, the panicle weight  showed an increasing trend with 

increase in the level o f  N (Rao et al., 1993). Accord ing to Singh et al.



(1997),  N applicat ion upto 100 kg ha ' 1 resulted in significant  increase in 

panicle weight  o f  scented rice. Chopra  and Chopra (2000) observed that 

increasing levels o f  N from 0 to 80 kg ha ' 1 significantly increased seed 

weight  pan ic le ' 1 and declined at the highest  dose o f  120 kg N ha ' 1 in 

scented rice.

2.1.2.4 N u m b er  o f  Grains Panic le

Fertile spikelets  panicle ' 1 in rice increased signif icantly with every 

increment in N applicat ion (Sing et a l 1990). Accord ing to Fadmajarao 

(1995), high density o f  grains was observed in scented rice with 40 kg N ha"1. 

Gupta (1996) reported that increas ing  levels o f  N from 0 to 80 kg ha ' 1 

signif icantly increased grains pan ic le"1 in rice. Singh and Prasad (1999) 

opined that applicat ion o f  N had s ignif icant  effect on grain number  sp ike ' 1 

in rice. Kumari  et al. (2000) also reported that the filled grains pan ic le ' 1 

in rice increased with increase in N applicat ion.

2.1.2.5 Thousand Grain Weight

According  to Sing et al. (1990),  the thousand grain weight  increased 

significantly with  every increment in N applicat ion.  Singh and Prasad

(1999) also reported significant  effect o f  N applicat ion on thousand grain 

weight o f  rice. Singh and Singh (2000b)  observed  that appl ica t ion o f  75 kg 

N ha"1 produced significantly higher  thousand grain weight in rice.

2.1.3 Effect on Yield

2.1.3.1 Grain Yield

Grain yield o f  rice increased signif icant ly  with every increase in the 

rate o f  N (Sing et al., 1990). Rao et al. (1993)  considered the applicat ion  

o f  60 kg N ha ' 1 as the op timum for ob ta in ing  higher grain yield in basmati  

type varieties.  Gupta (1996) observed  that the grain yield o f  rice increased 

correspondingly with increasing level o f  N upto 80 kg h a ' 1. Singh et al. 

(3997) recorded the highest grain yield o f  rice (4.05 t ha '1) with 100 kg N h a 1. 

Lakpale et al. (1999) observed that appl ica t ion o f  120 kg N ha ' 1



significantly increased grain yield o f  rice over  60 kg N h a ' 1. In basmati  

rice, each incremental  dose o f  N gave signif icantly higher grain yield and 

maximum grain yield was obta ined with 100 kg N ha’1 (Singh et al., 

2000b). Accord ing to Singh and Singh (2000b),  appl ica t ion o f  75 kg N 

ha ' 1 gave higher grain yield o f  rice than lower N levels . Kumari  et al. 

(2000) opined that increasing N level from 40 to 120 kg ha ' 1 brought about  

s ignificant  increase in grain yield o f  rice over  no ni trogen.  A ccord ing  to 

Chander and Pandey (2001) and Jaiswal and Singh (2001), N applicat ion 

at 120 kg ha ' 1 marked ly  increased the grain yield of  rice compared  to 60 

kg N h a ' 1.

In scented rice, N applicat ion upto 100 kg ha ' 1 resulted significant 

increase in grain yield and further increase in dose to 150 kg N ha ' 1 decreased 

the grain yield (Singh et al., 1997). Singh and Sreedevi (1997),  Thakur et 

al. (1997) and Behera (1998) reported a s ignif icant  l inear  increase in grain 

yield o f  scented rice upto 90 kg N ha ' 1 and thereafter  the increase in grain 

yield was marginal .  Accord ing to R anw a  and Singh (1999),  the increase 

in yield due to applicat ion o f  150 kg N ha ’1 was 75.70,  27.30 and 7,40 per 

cent over  0, 50 and 100 kg N ha’1 respectively.  S ingh  and Prasad (1999) 

reported a linear increase in grain yield upto 75 kg N ha ’1 and Chopra and 

Chopra (2000) reported the same upto 80 kg N h a ' 1 and thereafter  a 

marginal reduction in seed yield was  observed  at 120 kg N h a ' 1.

2 ,1.3.2 S traw  Yield

Applicat ion o f  N had s ignif icant  effect on st raw yield o f  rice (Singh 

and Prasad,  1999). In scented rice, each incremental  dose o f  N gave 

signif icantly higher s traw yield (Chopra  and Chopra,  2000;  Singh et al., 

2000b). Accord ing to Singh and Singh (2000b) app licat ion o f  75 kg N ha"1 

gave higher s traw yield than lower N levels. Chander  and Pandey (2001) 

reported a marked increase in straw yield o f  rice at 120 kg N ha ' 1 

compared  to 60 kg N h a ' 1.



2.1.3.3 Harves t  Index (HI) .

Chavan et al. (1989) observed low grain : s traw ratio with increased N 

applicat ion rates in rice. Dhyani and Mishra (1994) reported slight reduction 

in Hi o f  rice with N levels above 60 kg ha’1. Hari et al. (1997) observed 

progressive decrease in HI o f  rice with increased rate o f  N applicat ion.  

However according to Patel et al. (1997),  HI o f  rice was signif icantly higher 

with the applicat ion of  80 and 120 kg N ha ' 1 over 40 kg N h a ' 1.

2.1.4 Effect  on Quality o f  Grains

2.1.4.1 Protein Content  o f  Grains

Singh and Modgal (1978) observed an increase in protein content  of  

rice grains with increase in N levels. Akram et al. (1985)  reported that tn 

basmati  rice, 90 kg N ha ' 1 gave the highest  average protein con ten t  (9.34 

per cent). Reddy et al. (1986) reported that highest  protein  conten t  of  

7.13 per  cent was obtained al 120 kg N h a ' 1. Increase in protein content  

with increasing dose o f  N was also reported by Chandra (1992).  

Accord ing to Singh et al. (1997),  N fer t i l izat ion resulted in signif icant  

increase in protein content in rice grains  upto 100 kg N h a ' !.

2.1.4.2 Cooking Qualify o f  Grains

According to Rao et al. (1993),  app licat ion o f  60 kg N ha ' 1 may be 

considered as the opt imum for obta in ing  higher grain quali ty o f  rice in 

basmati type varieties.  They also reported that there was no adverse effect  

o f  N on volume expansion and elongat ion  ratio o f  scented rice due to 

different levels o f  nitrogen.  Pandey et al. (1999) observed  an increase in 

e longat ion  ratio o f  rice grains with the app l icat ion o f  N ferti lizers.

2.1.5 Effect on Nutrient Uptake and Nitrogen  Use Efficiency

2.1.5.1 Nutr ient  Uptake

Uptake o f  nutrients  and dry matter  accumula t ion  in rice are 

influenced by several factors. The uptake o f  nutr ients  differs  with the
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stage o f  crop growth.  Reports show that there is progressive  increase in 

uptake o f  nutr ients  with every addit ional  dose o f  N (Mehta et al., 1983). 

Reddy et al. (1986) revealed that,  in rice increasing levels o f  N upto  120 

kg ha' 1 increased the N uptake and recorded maximum uptake o f  65.2 kg ha"1 at 

harvest.  Sudhakar et al. (1987) observed that N applicat ion @ 180 kg ha ' 1 

increased the grain, s traw as well as the total N uptake.  Sarmah and 

Baroova (1994) observed significantly higher N uptake by the highest 

level o f  90 kg N ha ’1. According to Patel et al. (1997),  N uptake by rice 

grain, s traw as well as total uptake increased signif icant ly  with the 

applicat ion o f  higher dose o f  N (120 kg h a ' 1) over  40 kg ha ’1. At 120 kg N 

ha ’1, N uptake was higher than 60 kg N ha ' 1 (Chander  and Pandey,  2001; 

Jaiswal and Singh,  2001).

Sushamakumar i  (1981) observed  signif icant  increase in P uptake 

with increasing levels o f  N from 45 to 90 kg ha ' 1 in rice variety Jaya, 

Surendran (1985) also reported an increase in P uptake with increase in 

the levels o f  N from 20 to 80 kg h a ' 1. Munda (1989) observed higher N 

and P uptake by rice with increase in N levels. Signif icant ly h igher  N, P 

and K uptake by rice grain and straw with 90 kg N ha ' 1 over  60 and 30 kg 

N ha ' 1 was reported by Pandey et al. (1991). According  to T iwana  et al.

(1999),  the N applicat ion signif icantly increased the total uptake o f  K in 

rice upto the highest  level o f  240 kg N ha ’1.

2.1.5.2 Nitrogen Use Eff iciency (NUE)

According to Rao et al. (1993),  the response o f  grain yie ld to N 

applicat ion in wet season was upto 60 kg ha"1 and in the dry season upto 

90 kg ha ’1. Singh and Sreedevi (1997) observed  a decrease in NUE with 

increase in rate o f  N applicat ion in d w a r f  scented rice. Behera  (1998) 

reported the maxim um N response o f  30 kg N ha ' 1 in scen ted rice. 

However,  Chopra and Chopra (2000)  opined that the m a x im um  response to 

N in scented rice was at 40 kg N ha"1 and thereafter  it decreases  with 

increase in N level.
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2.1.6 Effect on Soil Avai lable Nutrients

Sushamakumar i  (1981) reported that the avai lable  N tended to 

increase with the increase in the level o f  applied ni trogen.  Anu (2001) 

also reported that the available soil N was high in plots t reated with  higher 

levels o f  N and maximum availability o f  soil N and K was observed with 80 

kg N ha '1.

2.2 EFFECT OF ORGANIC MANURES ON GROWTH AND YIELD OF RICE

2.2.1 Effect on Growth Parameters

2.2.1.1 P lant Height

Sharma (1994) opined that plants  with FYM appl icat ion were taller  

than those grown without  FYM. Signif icant  increase in plant height  of  

rice variety Pavizham has been reported with FYM @ 10 t h a ' 1 (Babu,  

1996). Increased plant height with vermicompos t  @ 2.5 t ha"1 was 

recorded by Janaki and Hari (1997).

2.2 .1 .2  Tiller C oun t

Subbiah et al. (1983) opined that incorporation o f  organic residues @ 10 t 

ha ’f had no influence in increasing tiller number m 2in rice. However,  

Shuxin et al. (1991) reported a 10 per cent increase in effec t ive  t i l le r ing in 

rice due to vermicompost  applicat ion.  Accord ing to Sharma (1994) ,  FYM 

appl icat ion produced more tillers in rice than in condit ions  without  FYM. 

Janaki  and Hari (1997) reported higher product ion o f  til lers in rice with 

2.5 t ha ' 1 o f  vermicompost .

2.2.1.3 L e a f  Area  Index

Babu (1996) reported that LAI o f  medium dura t ion  rice variety 

Pavizham was significantly increased by organic manure addi t ion  as 10 t 

ha ' 1 o f  FYM. However, according to Sudha (1999),  different  levels and 

sources o f  organic manure applicat ion had no signif icant  effec t  on LAI at 

any stage o f  growth o f  rice.



2.2 ,1.4 D ry  Matter  Production

Incorporat ion of  organic residues @ 10 t ha' 1 could influence the 

DMP in rice at maturity stage (Subbiah et al., 1983), Sharma (1994) 

opined that rice plants produce more dry matter  when grown with FYM 

applicat ion.  Enhanced dry matter  accumula t ion in rice with organ ic  matter  

addit ion has been reported by Babu (1996), Accord ing to Sudha  (1999),  

different  levels and sources of  organic manures  showed signif icant  

influence on DMP at all growth stages o f  rice. In general ,  increased DMP 

was noticed with higher doses o f  organic manures  and vermicompost  

(5 t h a ' 1) as a source o f  organic manure could increase the DMP comparable 

to higher dose o f  FYM (10 t ha '1).

2,2.2 Effect on Yield Attributes

2.2.2.1 N um ber  o f  Productive Titters HUP1

According to Deepa  (1998), the performance o f  organic manure 

applied plots were bet ter than untreated and complete inorganic ferti lizer  

applied plots, in producing higher number  o f  panicles in rice variety 

Kanchana.

FYM as a source o f  organic manure was effect ive in increas ing the 

number o f  panicles m ' 2 in rice (Zia et at. ,  1992). Sharma and Sharma 

(1994) and Rathore et al. (1995) also observed an increase in panicle 

number n f 2 in rice with FYM applicat ion.  In a s tudy,  Janaki  and Hari 

(1997) noticed that the panicles plant ' 1 increased twice due to 

vermicompost  applicat ion @ 2.5 t ha ’1.

2.2.2.2 Length  o f  Panic le

Ranwa and Singh (1999) observed  that organic manures  had no 

signif icant  effect on panicle length. Accord ing to Dwivedi  and Thakur

(2 0 0 0 ). the panicle length of  rice was signif icantly inf luenced due to green 

manuring only, but fertility levels and other  organic manures  could not 

influence the length o f  panicle.



2.2.2.3 W eigh t o f  Panicle

According  to Ranwa and Singh (1999), the grain weight sp ike ' 1 ol' 

wheat  was maxim um with vermicompost  @ 10 t ha ' 1 but s tat is t ical ly at par 

with ve rmicompost  @ 7.5 t h a ' 1. Pandey et al. (2001) also observed the 

beneficial  effect o f  organic manures  in influencing the panicle  weight  o f  

rice,

2.2 .2 .4  N u m b e r  o f  Grains P a n ic le '1

Prakash et al. (1990) observed considerable reduct ion in chaf f  

percentage in rice due to organic manure addit ion. Sharma and Sharma 

(1994) and Rathore et al. (1995) observed significantly higher  grain 

number pan ic le ' 1 in rice with FYM addit ion. A two t ime increase in the 

grain number pan ic le ' 1 in r ice was  observed with appl icat ion of  

vermicompost  @ 2.5 t ha ' 1 by Janaki and Hari (1997).  Contra ry to the 

above results,  Sudha (1999) observed that organic manure app l icat ion at 

different  levels and through different  sources could not produce  any 

signif icant  effect on the total and filled grains panicle’1 in rice.

2 .2 .2 .5  T h o u sa n d  Grain W eight

Rathore et al. (1995) observed significant  increase in thousand grain 

weight o f  rice with FYM applicat ion.  Accord ing to Deepa (1998),  organic  

manur ing  in rice field could increase the thousand grain weight.  But 

Ranwa and Singh (1999) and Dwivedi  and Thakur  (2000) reported that 

there was no significant effect on thousand grain weight  due to organic 

manure applicat ion.

2.2.3 Effect  on Yield

2 .2 .3 .1 G rain  Yield

Zia et al. (1992) reported higher grain yields o f  rice with organic 

manuring  through FYM. Sharma and Sharm a (1994) also ob ta ined 

signif icantly higher grain yields o f  rice through FYM incorporat ion.  Brar  

and Dhil lon (1994) observed that grain yield o f  rice reached upto 6.7 ( ha ' 1



using 40 t ha ' 1 o f  FYM as against 4.1 t ha ' 1 in control plot. Sharma (1994) 

observed 26 per  cent increase in yield o f  rice with the appl ica t ion of  

10 t ha"1 o f  FYM. Rathore et al. (1995) reported significantly higher grain 

yield o f  rice with FYM addition.

Janaki  and Hari (1997) reported that rice gave almost  double  yield 

over  control  when supplemented with 2.5 t ha ' 1 o f  vermicompos t .  Ranwa 

and Singh (1999) reported that highest grain yield o f  3.84 t ha ' 1 was 

recorded with vermicompos t  @ 10 t ha ’1 which was 16.50, 7.20, 3.40 and 

1.60 per cent higher than no organic manures, ve rmicompost  @ 5 t h a ' 1, 

FYM @ 10 t ha' 1 and ve rmicompost  @ 7.5 t ha"1 respectively.  Sudha

(1999) opined that vermicompos t  at lower rates (5 t h a '1) and FYM at 

higher rates (10 t h a ' 1) were equal ly good for grain product ion in rice. 

Nehra et al. (2001) observed that FYM at 15 t ha ' 1 and vermicompos t  at 

10 t h a ' 1 were stat ist ical ly on par and resulted in higher grain yield in 

wheat.

2.2 .3 .2  S tra w  Yield

Sharma and Sharma (1994) reported signif icant  increase in the straw 

yield o f  rice with FYM incorporation.  Babu (1996) could observe 

signif icant  increase in the straw yield o f  rice variety Pavizham with  FYM 

addit ion  @ 10 t h a ' 1. However,  Sudha (1999) reported that different  levels  

and sources o f  organic manures  could not s ignificantly influence the straw- 

yield.

2.2 .3 .3  H a rv es t  In d e x

Babu (1996) reported that applicat ion o f  organic manures  @ 10 t ha ' 1 

o f  FYM could not  influence the HI o f  rice. Sudha (1999) observed  that 

different  levels and sources o f  organic manures  had no signif icant  

influence in the HI o f  rice.



2.2.4 Effect  on Quality o f  Grains

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

grains from plots treated with organic manures  like FYM, Dhaincha and 

S unhemp than control  plots. They also reported that incorpora t ion o f  

organics increased the op timum cooking time o f  rice over control  and the 

highest  value was recorded by the incorporat ion o f  Dhaincha  @ 12 t ha"1.

2.2.5 Effect  on Nutrient Uptake and Nitrogen Use Efficiency

2.2.5.1 N utr ien t  Uptake

Varma and Dixit (1989) reported that in a r ice-wheat  system, 

incorpora t ion o f  FYM increased the NPK uptake both with and without  N 

fer t i l izat ion in paddy.  Sharma and Mittra (1991) revealed that applicat ion  

o f  organic manures  including FYM could increase NPK uptake in rice. 

Sudha (1999) observed increased uptake o f  N, P and K by the applicat ion  

o f  10 t ha ' 1 o f  FYM over 5 t ha ' 1 o f  FYM and 5 t ha ' 1 o f  vermicompost .

Contrary to the above results,  Babu (1996) reported that uptake o f  N, 

P and K by rice was not influenced by the applicat ion o f  organic manures 

even  @ 10 t ha"1 FYM.

2.2.5 .2  Nitrogen  Use Efficiency

Padmaja  and Veeraraghavaiah (1998) reported that addi t ion o f  FYM 

@ 5 t ha"1 improved the ferti lizer  use efficiency.

2.2.6 Effect  on Soil Available  Nutrients

Applicat ion o f  organic wastes irrespective o f  the sources recorded 

h igher available K status o f  soil over  no organics (Chithra and janaki ,  

1999). Sudha  (1999) reported that organic manure addi t ion at all levels 

could  maintain the available N and P status o f  soil well above  the original 

s tatus before the exper iment  and vermicompos t  applicat ion recorded the 

most  superior  K status o f  soil. Also organic manure appl ied  plots  

main ta ined  a higher level o f  K in the soil af ter the experiment.



2.3 EFF E C T  OF N PK RATIOS ON G R O W T H  AND YIELD OF RICE

2.3.1 Ef fec t  on G r o w t h  P a r a m e t e r s

Different  NPK ratios (2 : 1 : 1, 2 : 1.5 : 1.5, 2 : 2 : 2, 2 : 2.5 : 2.5} 

failed to influence the height  o f  plants  and tiller count at any o f  the 

growth  stages o f  rice (Sushamakumar i ,  1981). But Deshmukh et al. 

(1988) observed increase in growth characters  like plant  height  and tiller 

num ber  for early duration rainfed rice when NPK was applied @ 80 : 60 : 40 

kg ha-1 (2 : 1.5 : 1).

Sushamakum ar i  (1981) while studying the effect o f  N PK ratios on 

m axim isa t ion  o f  yield o f  rice observed that the NPK ratio o f  2 : 1.5 : 1.5 

with 90 kg N ha ' 1 registered the highest LAI at panicle ini tiation,  

f lower ing and harvest and NPK ratio o f  2 : 2 : 2 with 45 kg N ha ' 1 

recorded the lowest  LAI and the DMP at f lowering was progressively  and 

signif icant ly  increased in accordance with ratios from 2 : 1  : 1 to 2 : 2.5 : 

2.5. Rani et al. (1997) reported higher drymatter  accumula t ion in rice with 

NPK appl ica t ion @ 120 : 80 : 40 kg ha' 1 (3 : 2 : 1). Channamall ikar juna

(2 0 0 0 ) ob ta ined  significantly superior  values for all growth  characters  of  

hybrid rice with the applicat ion o f  100 : 50 : 75 kg NPK ha_1(2 : 1 : 1.5) 

than 100 : 50 : 50 kg NPK ha ' 1 ( 2 : 1 :  1).

2.3.2 Effec t  on Yield A t t r i b u t e s

Sushamakum ar i  (1981) reported that different  N PK rat ios did not 

have substantial  influence on number  o f  productive tillers h i l l ' 1, number  of  

sp ikelets  p a n i c le '1, number  o f  filled grains panicle ' 1 and thousand grain 

weight ,  but there was an increasing trend in panicle weight  from the NPK 

ratio o f  2 : 2.5 : 2.5 to 2 : 2 : 2 and from the ratio 2 : 2 : 2 to 2 : 1.5 : 1.5. 

The ratio o f  2 : 1 : 1 recorded the lowest  weight  o f  panicle.  Kanungo and 

Roul (1994)  obta ined higher panicle number  in' 2 and thousand grain 

weight  writh NPK application o f  100 : 50 : 50 kg ha ' 1 ( 2 : 1 : 1 )  over 60 : 40 : 

40 kg NPK ha‘l, but the filled grain number  pan ic le ' 1 showed a reduction
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with highe r N PK  applicat ion o f  100 : 50 : 50 kg ha ' 1 over 60 : 40 : 40 kg 

NPK h a ’1 (1.5 : 1 : 1). The yield at tr ibut ing characters  o f  hybrid rice viz.. 

number  o f  produc tive tillers hill"1, panicle length,  number o f  spikelets  

panicle"1, weight  o f  panicle,  number  o f  filled grains panicle"1 and thousand 

grain weight  recorded signif icantly superior  values with NPK applicat ion 

o f  100 : 50 : 75 kg ha ' 1 ( 2 : 1 :  1.5) than 100 : 50 : 50 kg NPK ha ' 1 ( 2 : 1 : 1 )  

(Channamall ikar juna ,  2000).

2.3.3 Effect  on Yield

M unegow da  et al. (1972), in a mult i locat ion  trial with IR-8 found 

that 120 kg N, 60 kg P2O 5 and 60 kg K20  ha ' 1 ( 2 : 1 : 1 )  was the best level 

in Sagar and Honnali areas while 120 kg N with 30 kg P2O 5 ha ' 1 (4 : 1 : 0) 

was adequate in Bhadrava thi  and Kumsi areas. Nair  and George (1973) 

obta ined  the highes t  yield o f  2.29 t ha’1 when N and K were applied in the 

ratio 1 : 1 .  Khatua et al. (1976) found that  higher grain yield o f  rice could 

be obta ined  with 120 : 30 : 30 kg ha"1 (4 : 1 : 1) o f  N, P and K during 

khar if  season,  whereas,  during the rabi season 120 : 60 : 60 kg ha’1 (2 : 1 : 1) 

o f  N, P and K could  be bet ter for high yielding varieties  o f  rice under red 

laterite soils  o f  Orissa.  The N P K  ratio o f  3 : 2 : 1  was recommended as 

op t imum for paddy by Dixit  and Singh (1977). According to 

Sushamakumari  (1981), different  N P K  ratios did not exert any marked 

influence in the grain yield o f  rice. But Balasubramaniyan  and 

Palaniappan (1992) observed highest  grain yield o f  rice variety 1R-50 with 

150 kg N and 50 kg K20  ha ' 1 ( 3 : 0 : 1 ) .  T iwana et al. (1999) reported 

that s ignif icantly higher grain yield o f  rice were obtained with 180 : 30 : 

30 kg N P K  ha ’1 ( 6 : 1 : 1 )  over  the recommended ferti lizer level o f  120 : 

30 : 30 kg NPK ha ' 1 ( 4 : 1 :  1). Whi le s tudying the effect o f  N PK levels 

on g rowth  and yield o f  KRH-2 hybrid rice, Channam al l ikar juna (2000) 

observed  superior  values o f  grain and straw yield with the applicat ion o f  

100 : 50 : 75 kg N PK  ha’1 (2 : 1 : 1.5) than with  the applicat ion o f  100 : 50 

: 50 kg NPK ha’1 ( 2 : 1 :  1).



The different  NPK ratios (2 : 1 : 1, 2 : 1.5 : 1,5, 2 : 2 : 2, 2 : 2.5 : 2.5) 

did not have any significant  influence on the straw yield and harvest  index 

o f  rice (Sushamakumar i ,  1981).

2.3.4 Effect  on Quality o f  Grains

According  to Sushamakumar i  (1981), the different  NPK ratios had 

no signif icant  effect on protein content  o f  rice grains.  Thomas  (2000) 

reported m ax im um  values for protein content  o f  rice grains with NPK 

applicat ion @ 60 : 30 : 45 kg ha ' 1 (2 : 1 : 1,5).

2.3.5 Effect on Nutrient Uptake

Sushamakumari  (1981) observed no signif icant  difference in N 

uptake with different NPK ratios.  But the P uptake at harvest  was 

m ax im um  with NPK ratio o f  2 : 1.5 : 1.5 and K uptake with N PK ratio o f  

2 : 2.5 : 2.5. T iwana et al. (1999) reported signif icant  increase in N, P and 

K uptake at harvest with NPK applicat ion @ 180 : 30 : 30 kg ha ' 1 ( 6 : 1 : 1 )  

over 120 : 30 : 30 kg ha ' 1 (4 : 1 : 1) in rice. M axim um uptake o f  N, P and 

K was  observed with the appl ica t ion o f  N PK @ 60 : 30 : 45 kg ha ' 1 ( 2 : 1 :

1.5) by Thom as  (2000).

2.3.6 Effect  on Soil Avai lable Nutr ients

Different  NPK ratios had no significant  influence on soil N, P and K 

status (Sushamakumar i ,  1981), According  to Mishra and Sharma (1997),  

there was signif icant  increase in the available N, P and K status o f  soil 

with N PK  @ 120 : 50 : 40 kg h a ' 1.

2,4 EFFECT OF COMBINED APPLICATION OF ORGANIC MANURES 

AND INORGANIC NUTRIENTS

2.4.1 Effect  on Growth Parameters

In an exper imen t conducted on integrated nutrient  management at 

Regional  Agricultural  Research Stat ion,  Pattambi,  Mathew et al. (1994) 

reported higher plant  height  and ti ller count o f  rice with the combined  use



of  10 t ha ' 1 FYM and chemica l  ferti lizers.  In a s tudy,  Babu (1996) 

observed that the integrat ion o f  FYM @ 10 t ha ' 1 along with chemical 

ferti lizers  could increase the plant  height,  ti ller  count,  LAI and DMP o f  

medium durat ion rice variety Pavizham. In a pot exper iment  conducted on 

rice with different  combinations  o f  urea,  FYM and vermicompost ,  it was 

observed by Jadhav et al. (1997) that DMP was highest  with 75 kg N ha ' 1 

as urea along with 25 kg N ha ’1 as vermicompost .  Rani and Srivastava

(1997) reported that supplying one third or one quarter  o f  nitrogen as 

vermicompost  increased plant height  in rice.

2.4.2 Effect on Yield Attributes

Mathew el al. (1994)  observed an increase in panicle number m ’2, 

grain number pan ic le ' 1 and thousand grain weight in rice with 10 t ha ' 1 

FYM along with chemica l  ferti l izers  in rice variety Jyothi.  Mondal  et al. 

(1994) observed an increase in panicle number m '2, grain number  pan ic le ' 1 

and thousand grain weight in rice with higher NPK rates along with FYM 

application.  Singh et al. (1998) observed increase in grain number panicle’1 

and thousand grain weight of  rice with higher NPK. rates along with 7,5 t ha ' 1 

FYM.

2.4.3 Effect on Yield

Higher yield with integrated use o f  organic and inorganic fertilizers 

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

Chetrei el a l ., 1998; Pandey et al., 2001).

2 .4 .3 .1 Grain Yield

Singh and Verma (1990) reported that applicat ion o f  FYM at the 

same level o f  ferti l izers  increased the grain and straw yields signif icantly 

as compared to the grain and straw yield recorded without FYM. 

Anilakumar et al. (1993) obta ined  an yield increase o f  7.6 per cent in rice 

by the combined  appl ica t ion o f  FYM and NPK than applicat ion o f  NPK 

alone in rice. M athew et al. (1994) observed  significantly higher grain



yields o f  rice variety Jyothi with the integrated appl ica t ion o f  10 t ha ' 1 

FYM along with  inorganic nutr ients .  Babu (1996)  reported highe r grain 

yield o f  medium durat ion rice upto 5.6 t ha ' 1 with the combined  

appl icat ion o f  organic manures and chemica l  ferti l izers.  Roy et al. (1997) 

observed higher grain yield o f  rice with  the com bined  app l icat ion o f  NPK 

@ 90 : 60 : 90 kg ha' 1 along with  10 t ha ' 1 o f  FYM. Saxena et al. (1999) 

reported that NPK @ 100 : 80 : 60 kg ha’1 along with 10 t ha ' 1 o f  FYM 

produced significantly higher yield o f  rice. Singh et al. (2000a) observed 

that FYM with recom mended  dose o f  N P K  (120 : 60 : 40 kg h a ' 1) gave the 

highest grain yield (5.16 t h a ' 1) and app licat ion o f  FYM contribu ted to 

yield upto 50 per cent o f  the r ecom m ended  NPK.

Singh et al. (1996) reported that subs t i tut ion  o f  25 per  cent  N 

through FYM particularly at higher N rates increased rice yields.  Rani 

and Srivastava (1997) observed  higher grain yields o f  rice with the 

integrat ion o f  one third or one quarter  o f  N as ve rmicompos t  and the rest 

as NPK. Dubey and Verma (1999)  obta ined  the highest  increase in yield 

by the combined  use o f  50 per  cent  NPK and 50 per  cent  organ ic  manures.  

Subst i tut ion o f  organic sources to a tune o f  25 per  cent  o f  the 

recom mended  dose did not resulted in much yield reduct ion like 50 per 

cent  subst i tut ion (Suja thamma et al., 2001).

2.4.3.2 S traw  Yield

Babu (1996) observed signif icant  increase in the s traw yield of  

medium durat ion rice variety Pavizham upto 7.3 t ha ' 1 by the combined  

use o f  organic manures and inorganic ferti lizers.  M ax im u m  straw yield 

for rice variety Kanchana was  obta ined  during khar if  season through an 

integrated management which provided  50 per  cent  o f  r ecom m ended  N 

through FYM and the rest as N P K  ferti l izers  (Deepa,  1998). Similar  

f inding was also reported by Pandey et al. (2001).

M athew et al. (1994) observed a slightly reduced but s tat is tical ly 

comparable straw yield for rice variety Jyothi with the integration o f  10 t ha ' 1



a t

o f  FYM along with chemical  ferti l izers  in compar ison  to chemical  

ferti lizers alone.  Sudha (1999) also reported that different  levels and 

sources o f  organic manures could not s ignif icant ly  influence the straw 

yield. Lower straw yields by FYM  trea tment than 50 per  cent  FYM + NP 

treatment was reported by Sengar el al. (2000).

2.4.4 Effect on Quality of  Grains

I lemale tha  et al. (1999) reported that incorpora t ion o f  organic

ferti lizers along with the app licat ion o f  inorganic N signif icantly increased 

the crude protein content and op timum cooking t ime o f  rice grains.  

However,  the elongation ratio o f  grains was not inf luenced by the 

treatments.

2.4.5 Effect on Nutrient Uptake and Nitrogen Use Efficiency

2.4.5.1 Nutr ient  Uptake

Lai and Mathur (1989) reported that  appl ica t ion o f  chemical

ferti lizers in combination with FYM  could regulate the nutr ient  uptake 

from soil. Singhania and Singh (1991)  reported enhanced uptake o f  N, P 

and K in rice with the integrated app l icat ion o f  nutr ients ,  Babu (1996) 

observed higher N and P uptake by m ed ium  durat ion rice with the 

integrat ion o f  higher ferti lizer  dose along with  10 t ha ' 1 o f  FYM. Mondal 

and Chettr i (1998) observed signif icant ly  higher N P K  uptake in rice with 

the combined  applicat ion o f  50 per  cent  o f  the recom mended  N along with 

10 t ha ' 1 o f  FYM. According to Deepa  (1998),  maxim um K uptake in rice 

variety Kanchana was with the in tegrat ion o f  45 : 22.5 : 22.5 kg NPK ha ' 1 

as chemica l  ferti lizers and the same quanti ty  th rough FYM. Sengar et al.

(2000) reported the highest  values o f  N P K  uptake in N PK  + FYM

treatment.

Combined  use o f  organic manures  and inorganic ferti l izers  was

found significantly better than inorganic fertilizers alone for N uptake (Pandey 

et al., 2001). In a study, Singh et al. (2001) found that subst i tu t ing 50 per



cent o f  the recommended N through various sources like FYM and green 

manure did not show any signif icant variat ion in total uptake o f  N, P and 

K. by rice. Suja thamma et al. (2001) recorded the h ighes t  P uptake with 25 

per  cent subst i tut ion with organic source.

2.4.5.2 Nitrogen Use Efficiency

Sengar et al. (2000) obtained a higher value o f  agronomic eff iciency 

by the applicat ion o f  Vi FYM + NP treatments.  Pandey et al. (2001) and 

Suja thamma et al. (2001) also reported higher eff iciency o f  appl ied  N by 

conjunctive use o f  organics and ferti l izer  nitrogen.

2,4,6 Effect on Soil Available Nutr ients

FYM used ei ther  alone or in combination  with chemica l  ferti l izers 

improved the available N and P status o f  soil than its initial status (Beillaki et 

a l ., 1998; Mondal  and Chettri ,  1998; Sengar et al. 2000). S ingh et al.

(2001) observed a slight increase in the avai lable  N status o f  soil by 

incorporat ing ei ther total or part o f  N through organic sources as 

compared  to N solely applied through pril led urea. Su ja tham m a et al.

(2001) recorded the highest  total N content  in the soil with 50 per  cent N 

through ve rmicompost  and 50 per  cent  N as ferti lizer , the highest  available 

K status was recorded with 25 per cent  N through vermicompos t  and 75 

per  cent N through ferti lizers and the lowest  N and K status with  no 

nitrogen treatment.

2.5 EFFECT OF NUTRIENT MANAGEMENT ON DISEASE INCIDENCE

Nutrit ional  treatments especial ly that o f  ferti l izer  N are known to 

increase the yield, but they also increase the vulnerabil i ty o f  the plant to 

the incidence o f  pests and diseases. Vulnerabil i ty  o f  plants  is know n to be 

due to accumula t ion o f  soluble N (Ito and Sakamoto,  1942). Paracer  and 

Chahal (1963) reported that heavy app licat ion o f  n i t rogenous fert i lizers  

have been reported to increase the inc idence  o f  fungal diseases o f  rice. 

Muneera (1973) reported that the intensi ty o f  sheath bl ight disease was



less with  a reduced level o f  nitrogen.  Nair  and Gokulapalan  (1990) 

observed a reduct ion  in intensi ty o f  sheath bl ight  infection with the 

increase in level o f  potash.  According to Musthafa  and Potty (2001),  

increasing levels o f  N significantly increased the incidence o f  sheath 

bl ight and the highest  disease index was recorded at the highest  level o f  

nitrogen.

2.6 EFFECT OF NUTRIENT MANAGEMENT ON ECONOMICS OF

CULTIVATION

Verma (1990) suggested incorporation o f  FYM for saving 50 per cent of  

inorganic fertilizers in paddy crop. Hussain et al. (1991) reported the highest 

input cost for the application o f  10 t ha' 1 of  FYM alone than an integrated 

approach in rice cultivation. Tripathi and Chaubey (1996) opined that 

incorporation o f  FYM in combination with inorganic fertilizers economizes the 

fertilizer need. Sudha (1999) reported that different levels and sources of  

organic manures (FYM @ 5 t ha"1, FYM @ 10 t ha"1 and vermicompost @ 

5 t ha"1) had no signif icant  influence on the benefi t  : cost ratio and the 

highes t  benefi t : cost ratio o f  1.59 was recorded by 5 t ha"1 o f  FYM.

Chopra and Chopra (2000) worked out the optimum economic  dose 

o f  N for scented rice as 98.5 kg ha"1 and it gave an additional profit o f  Rs. 

8075 h a ' 1. According to Singh et al. (2000b),  in basmati rice fertilizing with 

100 kg N ha ' 1 gave maximum net  returns and benefi t cost ratio.



MATERIALS AND METHODS



3. M ATER IA LS A ND  M ETH OD S

The present  invest igat ion was carried out in the wetlands o f  the 

Instruct ional  Farm, College o f  Agriculture,  Vellayani from September  

2001 to January 2002 to derive an optimum package for nutrient 

managem en t  for basmati rice in wetlands.

The detai ls  o f  materials  used and methods adopted are presented  in 

this chapter,

3.1 E X P E R IM E N T A L  SITE

The exper imen t was conducted at the Instructional Farm at tached to 

the College  o f  Agriculture,  Vellayani,  Kerala,  located at 8.5°N latitude' 

and 76.9°E longitude at an al ti tude o f  29 m above mean sea level.

3.1.1 Soil

The soil o f  the experimental  site is sandy clay loam which belongs 

to the taxonomieal  order oxisol.  The physicochemical  properties o f  the 

soil o f  the experimental  site are given in Table 3.1,

Table 3.1 Soil characteris t ics  o f  the experimental  site

A. M echan ica l  composi t ion

SI.

No.
Parameters

Content ,  

per cent
Methods used

1. Coarse sand 47.76

2 . Fine sand 1 0 6 4 Bouyoucos  Hydrometer  

method (Bouyoucos ,
■*>J . Silt 8.60 1962)

4. Clay 33.00



B. Chemical composition

I SI.

No.
Parameters Content Rating M ethods  used

1. Avai lable  N 326.11 kg ha'1 M edium Alkaline  permanganate  

method  (Subbiah and 

Asija,  1956)

2 . Available i^O;; 32,64 kg ha ' 1 Medium Bray co lorimeter  method 

(Jackson,  1973)

3. Availab le

K20

174.72 kg ha' 1 Medium A m m onium  acetate 

method (Jackson.  1973)

4. Organic

carbon

1.70 per  cent High Walkley and Black rapid j 

t it rat ion method  

(Jackson,  1973)

5. Soil pH 5.40 Acidic 1 ; 2.5 soil so lut ion ratio 

using pH mete r  with 

glass e lec trode  (Jackson,

. . '
1973)

3.1,2 Climate

The experimental  site enjoys a humid  tropical cl imate.  The data on 

various weather parameters  during the cropping period are given in the 

Appendix I and illustrated in Fig. 1.

3.1.3 C ropping  History of  the Field

The experimental  area was under a bulk crop o f  rice prior  to the lay 

out o f  the experiment.
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3.1.4 Season

The field exper iment  was  conducted during the early second crop 

season (Sep tember  to January) o f  the year 2001-2002,

3.2 MATERIALS

3.2.1 Seeds

The basmati rice variety, selected for the exper iment was ‘Pusa 

B asm a t i -1 ’ released from Indian Agricultural  Research Insti tute,  New 

Delhi with durat ion o f  130-135 days. The variety is resistant  to brown 

spot and susceptible to sheath blight. The seeds for the study were 

obta ined from National  Seeds Corporat ion,  Karamana.

3.2.2 Manures  and Fertilizers

FYM (0.35 per  cent N) and vermicompos t  (0.75 per  cent N) were 

used as organic sources.  Ferti l izer  sources like urea (46 per  cent  N), super 

phosphate  (16 per cent P2O;)  and muriate o f  potash (60 per  cent  K2O) 

were used as the inorganic sources for the experiment.

3.3 M ETHODS

3.3.1 Design and Layout

The exper iment  was laid out in RBD as 3 x 2 x 2 factorial 

experiment.  The layout plan o f  the exper iment  is given in Fig. 2 (Plate 1). 

The detai ls  o f  the layout are given below.

Number  o f  t reatment combina tions  : 12 + 1 (Abso lu te  control)

Replicat ions : 3

Total number o f  plots : 39

Gross plot size : 5 x 4 111

Net plot size : 4.6 x 3.8 in

Spacing : 20 x 10 cm
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3.3.2 Treatments

The trea tments consisted o f  combinations  o f  levels o f  N. sources of  

N and N PK ratios.

Factors -

A Levels  o f  ni trogen (N)

n l : 60 kg ha ' 1

la2 : 90 kg ha"1

n 3 : 1 20 kg ha ' 1

B. Sources o f  nitrogen (S)

Sj : 50 per  cent N as FYM and 50 per  cent N as chemical  ferti lizer

si : 50 per cent N as vermicompost  and 50 per cent N as chemical  

fertilizer.

C. NPK ratios (R)

r, : 2 : 1 : 1

r2 : 2 : 1 : 1.5

3.3.3 Treatment  Combinat ions

Ti : nisir j  (60 : 30 : 30 kg NPK h a ' 1)

T2 : m s i r i  (60 : 30 : 45 kg NPK h a ' 1)

T 3 : ii is2rj (60 : 30 : 30 kg NPK ha"1)

T a : n , s 2r2 (60 : 30 : 45 kg NPK h a ' 1)

T5 : i i j s m  (90 : 45 : 45 kg NPK h a '1)

T(, : n 2sir i  (90 : 45 ; 67.5 kg NPK ha‘l)

T 7 : n2s2n  (90 : 45 : 45 kg NPK h a ' 1)

Tx : n2s2r2 (90 : 45 : 67.5 kg NPK h a ' 1)

Ty : n3siri (120 : 60 : 60 kg NPK ha"1)



Tio : n3s i r2 (120 : 60 : 90 kg NPK h a 1)

T n : n3s2ri (120 : 60 : 60 kg NPK h a ' 1)

T 12 : n3s2r2 (120 : 60 : 90 kg NPK h a ' 1)

T 13 : Absolute  control

3.4 C R O P H U S B A N D R Y

3.4.1 Nursery

3 .4 .1 .1 L an d  Preparation

The exper imenta l  area for nursery was ploughed,  puddled and 

levelled after removing the weeds and stubbles.

3.4.1 .2  Seeds  a n d  Sowing

Prc-germinated seeds @ 80 kg ha"1 were broadcasted on the nursery 

area during the last week o f  September  2001,  After 25 days, heal thy 

seedlings were pulled out from the nursery.

3.4.2 Main Field

3.4.2.1 L an d  Preparation

The experimental  area was ploughed,  puddled and levelled.  Weeds 

and stubbles were removed by hand picking.  Initial soil samples  w;ere 

taken for analysis .  Individual plots o f  size 5 x 4 m were laid out and were 

perfect ly levelled before transplanting.

3.4.2.2 Transplanting

Tra nsplan t ing  w a s  d o n e  in a thin film o f  water  in the field. T w e n ty  five 

days  old seedlings  were t ransplanted at a spacing o f  20 x 10 cm with two 

seedl ings  h i l l '1.

3.4.2.3 Appli ca tion  o f  manures  and  fer t i l i zers

FYM (0.35 per  cent N) and vermicompos t  (0.75 per  cent N) were 

incorporated at the time o f  first ploughing.  Urea (46 per  cent N). super



phosphate  (16 per  cent P2O 5) and muriate o f  potash (60 per cent K 20 ) 

were applied to each plot as per the trea tments after leveling the field. 

Full dose o f  P and half  dose o f  N and K were applied as basal and 25 per 

cent o f  N and K. were applied as topdress ing both at ti ller ing stage and one 

week before panicle ini tiation stage.

3.4.2 .4  M ain tenance  o f  the  Crop

Subsequent ly  after t ransplanting,  the water level was raised to about 

five cm. Two hand weedings were given at 20 and 45 days after 

t ransplanting.  Sevin 50 per cent  WP (Carbaryl)  w'as sprayed k f  2 kg a.i. 

h a"1 against  rice leaf  roller in the vegetative stage of  the crop and one 

spraying with Hinosan 50 Ec (Ediphenphos)  at 0.1 per cent concentra t ion  

was given after panicle ini t iat ion stage against sheath blight disease.  

Attack by rats was a com m on menace o f  the locality and they were 

control led by the use o f  Roban.

3.4.2 .5  Plant Sampling

Samples  were collected from the area left for sampling.  Four hills 

were selected randomly from the net plot area to record biometric 

observations.  Two rows from all sides were left as border rows and the net 

plot area was 4.6 x 3.8 m.

3.4.2.6 Harves t

The crop was harvested at full maturity. The border and sampling rows 

were harvested separately. Net plot area o f  individual plots was harvested and 

the weight o f  grain and straw were recorded separately.

3.5 O BSE R V A T IO N S

3.5.1 Observations  on Growth Parameters

3 .5 .1 .1 H e igh t  o f  Plant

Height o f  plant (cm) was recorded at maximum ti llering.  50 per cent 

f lowering and at harvest.  Height o f  sample plants  were measured from the



base o f  the plant  to the tip o f  the longest leaf  or to the tip o f  the longest 

ear head whichever  was taller.

3.5.1 .2  Tiller N u m b er  Hi l l '1

f i l l e r  number  was counted at maximum tillering, 50 per  cent 

f lowering and at harvest  from sample hills, the mean values worked out 

and recorded.

3 .5 .1.3 L e a f  Area  Index

Leaf  area at m ax im um  ti ller ing,  50 per  cent f lowering and at harvest 

was calculated using the length width method suggested by Gomez (1972). 

Accordingly,  le a f  area = k x 1 x w, where k is an adjustment factor, i is the 

length and w is the maximum width. LAI was worked out using the 

formula,

Lea f  area
LAI =  ------ —----- -

Land area

3.5 .1 .4  Dry  M at te r  Product ion

Dry matte r  product ion at m ax im um  ti llering,  50 per  cent flowering 

and harves t  s tage were recorded.  The sample plants were uprooted,  

washed,  sun dried and oven dried at 80°C to constant weight. Dry matter  

product ion was computed  for each treatment and expressed in l ha"1.

3.5.2 O bservat ions  on Yield Attr ibutes  and Yield

3.5.2.1 N u m b er  o f  Product ive  Tillers H i l l 1

N um ber  o f  productive tillers was counted in four sample hills and 

the mean number  was u'orked out at harvest.

3.5.2 .2  Length  o f  Panicle

Ten panicles were collected from the sample  plants in each plot, 

length measured  from the neck to the tip and the average expressed in cm.



3.5.2.3 Weight o f  Panic le

Ten panicles collected from the sample plants  in each plot were 

weighed separately,  the mean weight  worked out  and expressed  in grams.

3.5.2 .4  N u m b er  o f  Spikelets  Pan ic le '1

The spikelets were removed from each panicle,  counted and the 

mean number o f  spikelets  pan ic le ' 1 was recorded.

3.5.2.5 N u m b er  o f  Fil led  Grains P a n ic le ''

The filled grains were then separated; counted and mean number  was 

recorded.

3.5.2.6 Thousand  Grain Weight

The weight o f  one thousand grains from the samples drawn from the 

cleaned produce  from each plot was recorded in grams.

3.5.2. 7 Grain Yield

The grains harvested from each net plot were dried to constant  

weight ,  cleaned,  weighed and expressed in t h a ' 1.

3.5.2.8 S traw  Yield

The straw harvested from each net plot was dried to constant  weight  

under sun and the weight  was expressed in t h a ' 1.

3.5.2 .9  Harves t  Index

Harvest  index w'as calculated using the data on grain yield and straw 

yield as per the formula.

Economic  yield
HI = ----- ---------------—

Biological yield



3.5.3 Chemical  Analysis

3.5.3.1 Pro te in  C o n te n t  o f  G rains

Protein percentage was com puted  by mult iplying  the ni trogen 

content  o f  the grain with the factor 6.25 (S impson et al., 1965).

3.5 .3 .2  P lan t A n a ly s is

Sample plants  collected from each plot at harvest  were sun dried, 

oven dried to constant  weight,  ground,  digested and nutr ient  content 

est imated.  The N content  (modified  microkjeldahl  method),  P content 

(V anado-molybdo-phosphoric  yel low co lour  method) and K content 

(Flame photometer  method) were est imated for plant samples from each 

plot separately (Jackson,  1973). Plant nutr ient  uptake was calculated by 

mul t iplying the nutr ient  content o f  plant samples with the respective dry 

weights  at harvest stage and expressed  in kg ha"1.

3.5 .3 .3  S o i l  A n a ly s is

Samples  collected before and after the exper imenta t ion were dried in 

shade,  seived through 2 mm sieve and analysed to determine the available 

N content o f  the soil by alkal ine perm anganate  method (Subbiah  and 

Asija,  1956), available P by Bray 's  method and available K. by am monium 

acetate method (Jackson,  1973).

3.5.4 Nitrogen Use Efficiency

3.5.4.1 A g r o n o m ic  E f f ic ie n c y

The grain yield produced per kg o f  appl ied  N was calculated using 

the formula and expressed as kg grain kg ' 1 N.

Grain yield from N applied plot -  Gram yield from control plot
Agronomic efficiency = ---------------------------------     — ....... ■■■■■   -

N appl ied  in kg ha ' 1



3.5 .4 .2  A p p a re n t  R ecovery

The percentage of' N absorbed by the plant,  o f  the total N applied 

was found out and expressed as percentage.

Total N uptake in -  Total N uptake in 
nitrogen applied plot control plot

Apparent recovery = ----------------------■—-— — ------— ------------- —  x 100
N applied in kg ha"1

3.5,5 Cooking Quality of  Grains

3 .5 .5 .1 O p tim u m  C ook ing  T im e

Grain samples from the harves ted lot o f  each plot were analysed and 

optimum cooking l ime was de termined  by the method  suggested by 

Hirannaiah et al. (2001).

For de te rmining op timum cooking  time o f  grain samples,  mil led rice 

was screened visually and whole sound grains were collected.  Samples  of’ 

10 g o f  rice samples were taken in a 250 ml beaker conta ining 150 ml slow 

boil ing water over  an electric s tove (1.5 kw). The cooking time was 

determined using glass plate opaque-core  method by withdrawing few 

grains periodical ly and pressing between two glass slides till no opaque 

portion or white core remained.

3.5 .5 .2  V o lu m e  E x p a n s io n  R atio

The volume expans ion after cooking o f  mil led rice samples  was 

worked out by cooking defini te  amount o f  mil led rice in uniform sized test 

tubes and the ratio o f  increase in volume was calculated.

3.5 .5 .3  E lo n g a tio n  R atio

Elongation ratio o f  grain samples  was evaluated by the method 

suggested by Juliano and Perez (1984).

Elongation ratio o f  grains was expressed  as the ratio o f  length of  

cooked kernels to raw kernels . The length o f  ten cooked kernels  and ten



raw kernels  was measured and mean length o f  cooked kernels was divided 

by mean length o f  raw kernels.

3.5.6 Economic  Analysis

Economic analysis was done for the exper iment after taking into 

account  the cost o f  cultivat ion and prevai l ing market price o f  basmati rice 

and straw.

3. S. 6 .1 N e t R e tu rns

Net returns were calculated us ing  the formula.

Net returns (Rs ha"1) = Gross income -  Total  expendi ture

3.S .6 .2  B e n e f i t : Cost Ratio  (B C R )

Benefit  : cost ratio was worked out using the formula.

Gross income
BCR -  — ---------------- —

Total expenditure

3.5.7 Scor ing of  Major  Pests  Like Rice Bug,  Stem Borer  and Leaf  

Roller and Diseases Like Sheath  Blight,  Blast  and Bacterial  

Leaf  Blight

Blast,  bacterial leaf  blight and stem borer  attack were not found in 

the field. Leaf  roller and rice bug were found in the Held in very low 

intensities  and their  count was not  s ignif icant  to be scored.

Sheath blight was severe in the field and scoring o f  sheath blight 

incidence was done by fol lowing a 0 to 9 scoring system ( IR R I , 1980).



Score Descript ion

0 - N o  incidence

1 -  Lesions limited to lower 1 / 4 111 o f ' l e a f  sheath area

3 - Lesions on lower ha l f  o f  leaf  sheath area

5 - Lesions present  on more  than ha l f  o f  lower le a f  sheath area

7 -- Slight infection on upper leaves (mainly on Hag and

second leaf)

9 -  Lesions reaching top o f  ti llers, severe infect ion on all

leaves and some plants  killed.

Disease index was worked out by the formula,

Sum o f  numerical  ratings x 100
Disease index = ------ — ---------- —------------------ ——— —--------------

Total number o f  plants  observed  x M ax im um  
disease category

3.5.8 Statist ical Analysis

The data generated for the charac ters  s tudied under different  

t reatments were subjected to analysis  o f  variance (Pause and Sukhatme,  

1985). Whenever  the results were signif icant ,  the crit ical dif ference was 

worked out  at five or one per cent  probabil ity.



RESULTS



An exper iment  was conducted at the Instruct ional  Farm, College  of  

Agriculture from September 2001 to January 2002 to derive an optimum 

package for nutr ient management for basmati  rice in wetland  condit ion.  

The trial was laid out in factorial RBD with 13 trea tments and three 

replicat ions.  The experimental data were stat is tical ly analysed and the 

results are presented in this chapter.

4.1 G ROW TH  PARAM ETERS

4.1.1 Height o f  Plant {Tables 4.1.1a and 4.1.1b)

Main effects of  N, S and R were signif icant  in in f luencing  plant 

height.  Nitrogen levels s ignificantly influenced plant  height  except  al the 

maxim um ti ller ing stage. At 50 per  cent f lowering and harvest  s tages the 

effect was significant  and an increase in N level brought  out an increase in 

plant height.  1'he 113 level o f  N (120 kg N ha"1) recorded the maxim um 

plant height.  The different  sources o f  N produced signif icant  influence on 

plant height.  Plots applied with S2 recorded taller  plants  than those 

applied with si. However  no interact ion was observed for sources  o f  N 

over different  periods of  observation.  Applicat ion o f  N,  P and K in two 

different  ratios produced a marked dif ference in plant height  at 50 per cent 

f lowering and harvest stages. But at the maxim um ti l lering stage,  this 

effect was not observed.

Among the interact ions, N x R was found to be s ignif icant  in 

influencing plant height. At m ax im um  ti ller ing stage,  the ratios did not 

produce any signif icant  change.  But at the next two stages o f  observation,  

plants  treated with n  produced taller plants.  The interact ions viz.. N x S, 

R x S and N x S x R were not s ignif icant.



Treatments

Maxim um 

ti ller ing stage 

(Pi)

50 per  cent 

f lowering 

stage 

(P2)

I larvest  stage 

(P3>

Levels o f  nitrogen (N)

Hi 40.69 81.38 90.62

112 41.13 89.48 98.92

03 41.59 95.48 104.17

Sources o f  nitrogen (S)

S| 40.65 87.92 97.36

$2 41.62 89.64 98.44

NPK ratios (R)

n 40.60 87.27 96.50

1 2 41.67 90.29 99.31

Interact ions F SE CD

P x N F4.52 : 53.14** 0.52 1.463

P x S F2, 52 : 0.46 0.42 1.194

P x R F 2. 52 : 3.27* 0.42 1.194



Treatments

M axim um 

til lering stage 

(Pi)

50 per  cent 

f lowering 

stage 

(P2)

Harvest  stage 

(p.O

11|S| 40.58 80.03 90.18

llj St 40.79 82.72 91.05

112 Si 40.71 88.76 98.33

II2S2 41.54 90.19 99.51

IljSi 40.67 94.95 103.58

n 3 s 2 42.52 96.00 104.76

11 |ii 40.25 78.59 88.26

n 11*2 41.13 84.16 92.97

Il2fl 40.79 88.43 98.42

n 2 Tt 41.46 90.52 99.42

n3n 40.77 94.78 102.81

113 F2 42.42 96.17 105.53

SjI’i 40.25 86.46 96.20

S | I't 41.06 89.37 98.52

Sll'i 40.96 88.07 96.79

Sj Tt 42.28 91.20 100.09

Interact ions 

P x N x S  

P x N x R 

P x S x R

F4, 52 : 0. 68 

I ' V  52 : 1 . 8 0  

F2,52 : 0.1 0

SF

0.73

0.73

CD



4.1.2 Til ler  N um ber  Hi l l '1 (Tables 4.1.2a and 4.1.2b)

The tiller number hill"1 was significantly inf luenced by the main 

effects o f  N and R. An increase in the N level resulted in an increase in 

the ti ller  number  hil l"1 at all stages o f  growth and n 3 (120 kg N ha"1) 

recorded the maximum value throughout the growth period.  The different  

sources o f  N did not produce any significant result.  But the appl ica t ion of  

N, P and K in two different ratios produced a marked difference  in tiller 

number and r2 treated plots recorded higher values at all growth  stages.  

However  no interact ion was observed for any o f  the trea tments over 

different periods o f  observation.

The interactions of N, S and R were not significant in influencing the tiller count.

4.1.3 Leaf  Area Index (Tables 4.1.3a and 4.1.3b)

A mong the treatments,  levels o f  N had significant influence on LAI 

at all stages.  An increase in the N level resulted in an increase in the LAI 

o f  rice at all stages and n3 recorded the maximum LAI th roughout  the 

growth period.  But the different  sources o f  N did not produce  any 

signif icant  result.  Different NPK ratios had no significant  influence on 

LAI at any o f  the stages except the harvest stage and r2 (2 : 1 : 1.5) recorded 

higher LAI than n  (2 : I : 1).

None o f  the interact ions were found to have signif icant  effect on LAI 

at any growth stage o f  basmati rice.

4.1.4 Dry Matter Production (Tables  4,1,4a and 4.1.4b)

Different  levels o f  N showed significant  influence on DM P at all 

stages. In general,  increased DMP was noticed with increase in the levels 

o f  N and the highest  level o f  N (n3) produced the m ax im um  dry matte r  at 

all growth  stages. Different  N sources produced signif icant  influence on 

DMP and s2 treated plots registered higher DMP at all growth  stages.  The 

two NPK ratios differ  s ignificantly in dry matter  accumula t ion and  r2 gave 

higher DMP at all growth stages.



T reatmenls

Maximum 

ti llering stage 

(Pi)

50 per cent 

f lowering 

stage 

(P2)

Harves t  s tage 

(P.D

Levels  o f  nitrogen (N)

Hi 8.76 12.66 12.59

112 9.46 13.92 13.53

nj 10.60 14.38 14.04

Sources o f  nitrogen (S)

Sl 9.52 13.60 13.31

St 9.69 13.71 13.46

NPK ratios (R)

r i 9.37 13.45 13.18

D 9.84 13.85 13.60

Interactions F SE CD

P x N F4. : 1.94 0.15 0.429

P x S Fi, * 0.03 0.12 -

P x R F2, n  0.05 0.12 0.350



Treatments

Maxim um 

ti llering stage 

(Pi)

50 per  cent 

f lowering 

stage 

(P2)

Harvest  stage 

CP3)

n i s j 8.68 12.62 12.48

n i S2 8.84 12.69 12.70

n2S| 9.50 13.94 13.44

[I1S2 9.42 13.90 13.63

n3s j 10.38 14.23 14.01

H3S2 10.83 14.54 14.06

ui i) 8.39 12.57 12.50

tl 1 T2 9.13 12.74 12.68

n2ri 9.38 13.70 13.35

n2r2 9.54 14.14 13.72

n3ri 10.33 14.09 I 3.69

n 5r2 10.87 14,68 14.39

S|I'| 9.26 13.50 13.10

s | r2 9.78 13,69 13.53

S21-| 9.48 13.40 13.26

S21'2 9.91 14.01 13.67

Interactions F SE

P x N x S F* .52 ■■ 0.37 0.21

P x N x  R Fii .52 : 0.70 0.21

P x S x R F, . 52 : 0.61 0.18



Trea tments
Maxim um 

ti ller ing stage

50 per cent 

f lowering 

stage

...

Harvest st

Levels  o f  ni trogen (N)

ii] 3.68 4.99 4.54

n 2 4.4! 5.86 5.54

113 4.91 6.20 5.74

f 2. 24 66.06** 64.58** 108.19*

SE 0.08 0.08 0.06

CD 0.223 0.227 0.181

Sources  o f  ni trogen (S)

Si 4.28 5.66 5.24

Sj 4.39 5.70 5.31

1; | . 24 1.48 0.18 0.85

SE 0.06 0.06 0.05

NPK rat ios  (R)

n 4.26 5.62 5.12
i 1 2 4.41 5.75 5.43

1" ], 24 3.00 2.26 18.41**

SE 0.06 0.06 0.05

CD - 0.148



Treatments

n i s i 

n fs2 

n2S|

112 S 2

n jS i 

n3S2 

F 2, 24

SE

ii i r |

n 11'7 

n2ri

n2r 2

113 ri 

n3r2

E 2, 24

SE

ST,

S ] 1'2 

S2r l 

S 21'2 

F | .  2 4

SE

M axim um  

ti ller ing stage

3.54

3.81

4.40

4.41 

4.89 

4.93 

0.90 

0 . 1  1

3.67

3.68

4.32 

4.49 

4.78 

5.05 

0.73 

0.1 1 

4.19 

4.37

4.32 

4.45 

0.07 

0.09

50 per cent 

f lowering 

stage

4.97 

5.00 

5.84 

5.89 

6.18 

6 . 2 1  

0.01 

0 . 1  1

4.94 

5.03 

5.79

5.94 

6 . 1 2  

6.28 

0.05 

0.11 

5.60 

5.73 

5.63 

5.77 

0.01 

0.09

Harvest  stage

4.51 

4.57

5.47 

5.62 

5.75 

5.73 

0.48 

0.09 

4.36 

4.72 

5.49 

5.60

5.51 

5.98 

2.27 

0.09 

5,10 

5.39 

5.15

5.47 

0.05 

0.07



Trea tments
M axim um 

til lering stage

50 per cent 

f lowering 

stage

Harvest  s t a g e

Levels o f  nitrogen (N) 

ni 1.12 6.72 8.69

n 2 1,28 7.49 10.33

iN 1,48 8.29 11.30

Pi. 24 28.1 3 ** 77 2 2 ** 270.35**

SE 0.03 0.09 0.08

CD 0.099 0.261 0.234

Sources o f  nitrogen (S)

Sl 1.21 7.28 9.90

S2 1.38 7.72 10.31

F|, 24 19,64** 18.70** 19.74**

SE 0.03 0.07 0.07

CD 0.081 0.213 0.191

NPK ratios (R)

n 1.25 7.25 9.97

N 1.34 7.75 10.25

El. 24 5.09* 23.02** 9.25**

SE 0.03 0.07 0.07

CD 0.081 0.213 0.191



eatments

M axim um

til ler ing

stage

50 per  cent 

f lowering 

stage

Harvest  stage

n [ s i 1.04 6.54 8.51

H|S2 1.21 6.90 8.87

n2S[ 1.17 7.11 10.19

n2s2 1.39 7.87 10.46

njS i 1.41 8.18 1 ! .00

rijSi 1.55 8.40 1 1.60

1' 2, 24 0.35 2.55 1.09

SE 0.05 0.13 0.1 !

n i r j 1.07 6.40 8.52

n i r2 1.18 7.04 8.86

n 1 r | 1.24 7.1 1 10.2.3

H2r2 1.32 7.86 10.42

njri 1.45 8.25 11.14

n.ir2 1.52 8.33 1 1.46

f 2, 24 0.07 3.98* 0.27

SE 0,05 0.13 0.1 1

CD - 0.369 -

Sjf| 1.12 6,88 9.72

s j r2 1,29 7.68 10.08

s^r ] 1.38 7.63 10.2 ]

s2r2 1.38 7.82 10.41

f !. 24 4.80* 8.73** 0.88

SE 0.04 0.10 0.09

CD 0.1 14 0.301

^Signif icant  at 5 per cent level ^^Signif icant  at 1 per  cent  level



No signif icant  interact ion was observed in D M P when different  

levels o f  N were combined with different  N sources. When the ratio of  

applicat ion o f  NPK changed to r2, at m and 112 levels an increase in DMP 

was seen at 50 per  cent f lowering stage. But with h igher dose o f  N (n ,) 

there was no signif icant difference in DMP with r2. The initial and final 

stages o f  crop however  did not respond to the increased ratio.

S x R interact ion was found to have no significant  influence  011 DMP 

al harvest stage, but at maximum ti llering and 50 per  cent  f lowering 

stages, s 1 applied in r2 ratio resulted in an increase in DMP. The treatment 

combination s2r2 produced maximum dry matter but was on par with s frj and

s2rj ■

4.2 YIELD ATTRIBUTES ( TABLES 4.2a,  4.2b,  4.2c and 4.2d)

4.2.1 Number of  Productive Til lers Hi l l '1

Number  o f  productive tillers hi l l ' 1 was signif icantly inf luenced by N 

levels and NPK ratios. Among the N levels, 120 kg ha"1 ( n j ) recorded 

maximum number o f  productive tillers hi l l ' 1 ( 12, 10) while no signif icant  

difference was seen at ni and n 2 levels . Different  sources o f  N however 

did not produce any signif icant  influence on number  o f  product ive tillers 

h i l l ' 1. Among the NPK. ratios, more number  o f  product ive ti l lers  were 

seen with r2 and was significantly superior  to rj.

N umber  o f  productive tillers hi l l ' 1 was not inf luenced by any o f  the

interact ions viz., N x S, N x R, S x R and N x S x R.

4.2.2 Length of  Panicle

Among the treatments,  N levels favourably influenced  the panicle 

length. But an increase in N level beyond n2 did not result  in increasing 

the panicle length. Applicat ion o f  90 kg N ha"1 (n2) recorded  the maximum 

value of 26.14 cm which was on par with the value al 120 kg N h a ' 1 (n^).

Different sources o f  N and NPK rat ios did not produce  any signif icant

influence on the panicle length.



r  '
Trea tments

N um ber  o f  

productive 

tillers hi l l ' 1

. _ . 1

Length of  

panicle,  cm

Weight of  

panicle,  g

Levels o f  ni trogen (N)

ni 10.67 24.88 2.06

112 1 1.66 26.14 2.44

nj 12.10 25.65 2.52

FY 24 70 .SO** 5.50* 58.98**

SE 0.09 0.27 0.03

CD 0.255 0.794 0.094

Sources o f  ni trogen (S)

Sl 1 1.47 25.62 2.31

S2 1 1.49 25,49 2.37

E 1, 24 0.04 0.16 2.66

SE 0.07 0.22

r*“i
Od

NPK rat ios (R)

r i 11.19 25.48 2.25

1*2 11.77 25.64 2.43

f  1, 24 33,22 * * 0.25 24.54**

SE 0.07 0.22 0.03

CD 0.208 
. .. . .

- 0.077



AS

Trea tments

N um ber  of 

productive 

tillers hi l l*1

Length o f  

panicle,  cm

Weight of  

panicle,  g

2.03 ~l l j S | 10.65 24,77

n i S2 10.69 24.99 2.09

n 2 S i 11.66 26.35 2.39

n 2 S2 1 1.67 25.93 2.49

INS] 12.09 25.774 2.51

n j  s  2 12,1 1 25.57 2.53

24 0.01 0.35 0.44

S E 0.12 0.38 0.05

n i r i 10.33 24.81 1.94

n  i r2 1 1.01 24.95 2.18

n 2 r i 3 1.41 26.12 2.40

n i r 2 1 1.92 26.16 2.48

n 3 r i 1 1.82 25.50 2.41

n^r2 12.38 25.80 2.64

1"2, 24 0.24 0.06 1.78

S E 0.12 0.38 0.05

s i r ] I i .20 25.57 2.20

S11'? 1 1,74 25.68 2.42

s2r, 11.18 25.39 2.29

S2 12 1 1.79 25.60 2.45

E l ,  24 0.10 0.02 0.68

S E 0.10 0.31 0.04



None o f  the interact ions were found to have signif icant  influence on 

the length o f  panicles.

4.2.3 Weight  o f  Panicle

Different levels o f  N and N P K  ratios produced a marked difference 

in the weight o f  panicle.  Upto 112 level o f  N, the weigiit of  panicles 

exhibited an increasing trend but a further  increase was not resulted in a 

posit ive response.  The sources o f  N did not produce any significant 

influence on the weight of  panicles. Among the NPK ratios, r? treated plots 

resulted in a significant increase in panicle weight (2.43 g) than r t treated plots.

The interact ions o f  N, S and R did not inf luence the panicle weight 

s ignificantly.

4.2.4 Number o f  Spikelets  Pan ic le '1

The different N levels produced significant effect on number o f  spikelets 

panicle’1. The number o f  spikelets panicle’1 showed an increasing trend with an 

increase iir the level of  applied N and application o f  120 kg N ha’1 (nfi recorded 

the highest value (113.09), Different sources of  N did not produce any sign i f  cant 

difference on number o f  spikelets panicle’1. The two NPK ratios significantly 

influenced the number of  spikelets panieie’1 and r2 treated plants recorded more 

number of spikelets (106.46) than r, (103.66) treated plots.

The number o f  spikelets  pan ic le ' 1 was not inf luenced by any o f  the 

interact ions viz., N x S, N x R, S x R and N x S x R,

4.2.5 Number o f  Filled Grains Panic le ’1

Nitrogen levels influenced the number o f  filled grains panicle’1 

significantly. With an increase in N levels, there was a substantial increase in 

number of  tilled grains panicle’1 and nj recorded the highest value o f  96.48 which 

was significantly superior to m and nj. The N sources did not produce any 

significant difference in the number of  filled grains panicle’1. But the NPK ratios 

produced favourable influence on the number o f  filled grains panicle’1. Maximum 

value of  90,66 was recorded by r2 and was significantly superior to r i .



so

Trea tments

N um ber  of  

spikelets  

pan ic le"1

N um ber  of  

filled grains 

pan ic le"1

1000 grain 

weight ,  g

Levels o f  nitrogen (N) 

ni 95.51 81.49 21.30

n 2 106.57 91.00 2 1.64

IE 113.09 96.48 21.37

I; 2, 24 102.27** 91.66** 0.70

SK 0.88 0.79 0.22

CD 2.565 2.311 -

Sources o f  nitrogen (S) 

S| 104.79 89.35 21.39

105.32 89.96 21.48

f L, 24 0.28 0.44 0.12

SE 0.72 0.65 0.18

NPK ratios (R)

i*i 103.66 88.66 21.44

D 106.46 90.66 21.44

f  1. 24 7.61* 4 7 9 ** 0.00

SE 0.72 0.65 0.18

CD 2.095 1.887 -



Trea tments

N um ber  of  

spikelets  

pan ic le ' 1

N um ber  o f  

filled grains 

pan ic le ’1

1000 grain 

weight ,  g

n i s i 95.26 81.15 21.27

H]S2 95.76 81.84 21,33

n 2S] 106.51 90.97 21.79

n2s : 106,63 91.04 21.50

03 S| 112.60 95.95 21.13

n3s2 113.58 97.00 21.61

F2, 24 0.06 0.10 0.78

SE 1.24 1.12 0.31

a, i*i 94.30 80.24 21.13

n i r2 96.71 82.75 21.47

n2f| 105.83 89.81 21.80

t22r2 107.31 92.20 21.48

njri 110,83 95.93 21.38

n3r2 1 15.35 97.03 21.36

Fl, 24 0.78 0.24 0.56

SE 1.24 1.12 0.31

s in 103.40 88.42 21.34

S] 1*2 106.17 90.29 21.45

s2n 103.91 88.90 21.53

s2r2 106.74 91.02 21.43

F ,, 24 0.01 0.01 0.16

SE 1.01 0.91 0.25



None o f  the interact ions could signif icantly influence the number  of  

f illed grains panicle"1.

4.2.6 Thousand Grain Weight

None o f  the factors alone or their  interact ions did influence the 

thousand grain weight.

4.3 YIFXD (TABLES 4.3a and 4.3b)

4.3.1 Grain Yield

Varying the N levels s ignificantly inf luenced the grain yield. There 

was an increase in grain yield when N was increased from 60 to 90 kg ha"1 

and then to 120 kg ha"1. Appl icat ion o f  120 kg N ha"1 (n3) recorded  the 

maximum grain yield o f  4.49 t ha"1 which was on par  with n2 level (90 kg 

N ha"1). Nitrogen level o f  90 (n2) and 120 kg ha"1 (n3) reg istered 43.38 and

48,67 per  cent increase in grain yield respectively over  ni (60 kg N ha ’1).

Different  sources o f  N were not s ignificant  in influencing the grain 

yield. But the two NPK ratios had a significant  inf luence on the grain 

yield and higher grain yield o f  4.02 t ha ' 1 was recorded by r2.

Interaction effects were not s ignif icant .

4.3.2 Straw Yield

Straw yield was favourably inf luenced by N levels and the highest  

s traw yield o f  6.81 t ha"1 was recorded by 120 kg N h a "1 (n 3) which was 

significantly superior  to iij and n2. Nit rogen level o f  90 (n2) and 120 kg 

ha"1 (n3) registered 5.82 and 20.10 per  cent increase in straw yield 

respectively over tit (60 kg N ha"1). The different  sources o f  N also had 

signif icant  influence on straw' yield and s 2 treated plots  recorded  more 

straw yield (6,32 l ha’1) than S] treated plots. A mong the two NPK ratios 

tried, the applicat ion o f  N, P and K in 2 : 1  -.1.5 ratio (r2) recorded  the 

highest  straw' yield o f  6.23 t ha’1.



Treatments
Grain yield, 

t h a ’1

Straw yield,  

t h a"1

Harvest

index

Levels o f  nitrogen (N) 

ni 3.02 5.67 0.35

4.33 6.00 0.42

n  3 4.49 6.81 0.40

1' 2 ,  2 4 23 1.02* * 110. 11** 90.87**

SE 0.05 0.06 0.00

CD 0.155 0.163 0.01 1

Sources o f  nitrogen (S)

S | 3.90 6.00 0.39

S 2 4.00 6.32 0.39

f  ! ,  2 4 2.56 23.78** 1.84

SE 0.04 0.05 0.00

CD - 0,133
I

NPK ratios (R)

r  i 3.87 6.09 0.39

D 4.02 6.23 0.39

1' 1,  2 4 5.74 * 4.32* 1.23 '

SE 0.04 0.05 0.00

CD 0.127 0.133 i1

*Signif icant  at 5 per  cent level **Signif icant  at 1 per  cent level



Treatments
Grain yield,  

t h a"1

Straw yield, 

t h a"1

Harves t

index

n j s [ 2.99 5.52 0.35

n i s? 3.05 5.82 0.34

H2S| 4.26 5.93 0.42

n2s2 4.40 6.06 0.42

n^si 4.45 6.55 0.40

n j S 2 4.54 7.06 0.39

IN. 2-1 0.12 2.92 1.20

SE 0.08 0.09 0.01

i r i 2.95 5.57 0.35

n 1r? 3.09 5.77 0.35

n2r [ 4.27 5.96 0.42

IGG 4.39 6.03 0.42

n.ir] 4.40 6.74 0.39

I I  j T 2 4.59 6.87 0.40

f  2 ,  2 4 0.09 0.35 0.14

SE 0.08 0.09 0.01

s in 3.81 5.91 0.39

S ]  1*2 3.99 6.10 0.39

s2 r i 3.94 6.28 0.38

sir? 4.05 6.35 0.39

f  1 .  2 4 0.28 0.73 0.01

SE 0.06 0.06 0.00



None o f  the interact ions were found to have signif icant influence on 

the straw yield.

4.3.3 Harvest  Index

Nitrogen levels favourably influenced III and the plots treated with 

90 kg N ha"1 (02) recorded the maximum harvest index. From the data it is 

evident  that the HI o f  rice increased with an increase in N level upto m 

but there was a reduct ion in III with n^ level o f  nitrogen. The different  N 

sources and NPK ratios had no influence on HI o f  basmati rice.

The HI was not influenced by the interact ions o f  N. S and R.

4.4 QUA LITY  CH ARA CTERS OF GRAINS

4.4.1 Protein Content  o f  Crains (Tables 4 ,4 . la  and 4.4,1b)

An increase in N level resulted in an increase in protein content  o f  

grains. 120 kg N ha"1 (nQ applied plants  registered the highest  grain 

protein content o f  6.61 per cent and was signif icantly superior  to that 

obta ined when treated with m and iij. Sources o f  N did not produce  any 

signif icant  difference on the protein content o f  grains. The two NPK 

ratios exh ib ited  marked difference in the protein content  o f  grains with is 

t reated plants  recording more grain protein content (6.06 per cent),

4.4.2 Cooking Quality o f  Grains (Tables 4.4.2a and 4.4.2b)

4.4.2.1 O p tim u m  C ook ing  Time

The op timum cooking time o f  grains was significantly inf luenced by 

different  levels o f  N and the grains obtained from higher doses  of  N 

treated plots took more cooking time than ni applied plots. The different  

sources of' N and NPK ratios had 110 signif icant influence on optimum 

cooking t ime o f  grains.

None  o f  the interact ions were found significant  in influencing the 

op timum cooking t ime o f  grains.



Table 4.4 .1a  Effect o f  different levels o f  nitrogen,  sources o f  ni t rogen and 

NPK ratios on protein content  o f  grains,  per  cent

Treatments Protein content o f  grains

Levels  o f  ni trogen (N)

111
5.17

n2 6.11

113 6.61

P 2, 24 158.78**

SE 0.06

CD 0.170

Sources o f  nitrogen (S)

S| 5.96

s2 5.97

P i , 24 0.07

SE 0.05

NPK rat ios (R)

ri 5.87

n 6.06

P  1. 24 8.54**

SE 0.05

CD 0.139



Treatments Protein content o f  grains

ll| Si 5.16

ni Si 5.18

HiS] 6.12

n 2s2 6.1 1

IljS i 6.60

11.1 Si 6.63

? 2. 24 0.03

SB 0.08

ii i r i 5.08

ii i r 2 5.26

n 2r. 6.08

1121 2 6.14

n_ir | 6.44

n 3r2 6.79

p2, 24 1.52

SB 0.08

s i r i 5.87

s i r2 6.04

StI'i 5.87

sir : 6.08

Bl, 24 0.09

SC 0.07



r  '

T reatnients

.

Optimum 

cooking time, 

minute

Volume

expansion

ratio

Elongation
.

ratio

Levels  o f  ni trogen (N)

n, 15.13 4.46 1.42

n : 16.13 4.46 1.45

113 17.09 4.50 I .45

f L ,  2-J 484.64** 0.79 3.39

SE 0.04 0.02 0 . 0 0

C D 0.130 - -

Sources o f  ni t rogen (S)

Sl 16.14 4.46 1.44

^2 16.10 4.49 1.44

E | ,  24 0.66 0.90 0 . 0 0

SE 0.04 0 . 0 1 0 . 0 0

NPK ratios (R)

t*! 16.12 4.48 1.44

D 16.12 4.47 1.44

E|. 24 0.00 0.48 0.37

SE 0.04 0.01 0.00

** Signif icant  at 1 per cent level



Trea tm ents

Optimum 

cooking time,  

minute

Volume 

expansion ratio
Elongation ratio

n j s i 15.17 4.45 1.42

; 11 | S 2 15.09 4.48 1.42

11231 16.19 4.46 1.45

112 S 2 16.08 4.47 1.44

HjS| 17.06 4.48 1 .45

n 3 S 2 17.12 4.51 1.45

F2, 24 0.97 0.10 0.16

SE 0.06 0.03 0 .0 )

n i r j 15.12 4.47 1.42

n i r 2 15.14 4.46 1.43

n 2r : 16.13 4.49 1.46

n 2r2 16.14 4.44 1.44

n2r, 17.09 4.49 1.45

n2 r2 17.08 4.50 1.45

F2. 24 0.06 0.49 1.30

SE 0.06 0.03 0.01

S|T| 16.14 4.48 1.44

Sir? 16.14 4.44 1.44

32 r i 16.09 4.48 1.45

S21‘2 16.10 4.49 1.43

Fl, 24 0.00 0.97 0.76

SE 0.05 0.02 0.01



4.4 .2 .2  V o lu m e  E x p a n s io n  R atio

Perusal  o f  the mean values revealed that the volume expans ion ratio 

o f  grains was  not influenced by different  levels of  N, sources o f  N, NPK 

ratios and their  interact ions,

4.4 .2 .3  E lo n g a tio n  R a tio

The elongation ratio o f  grains was not influenced by various 

trea tments viz., levels o f  N, sources o f  N, NPK ratios and their 

interact ions.

4.5 U PT A K E  OF N U TRIEN TS AT H A R V E S T  (TABLES 4,5a and 4,5b)

4.5.1 Uptake o f  Nitrogen

Perusal  o f  the data revealed that the different levels o f  N. sources of  

N and NPK ratios s ignif icantly influenced the uptake o f  ni trogen.  An 

increase in N level resulted in an increase in N uptake and nj (120 kg 

N h a ' 1) recorded the maxim um N uptake which was significantly superior  

to n^ and ni.  Among the two N sources,  S2 applied plots exh ib ited higher 

value o f  N uptake (91.57 kg h a ' 1) than S| treated plots. The two NPK 

ratios also had significant  influence on N uptake and o  treated plots 

registered more  N uptake (91.96 kg ha"1) values.

N one  of  the interact ions could significantly influence the N uptake.

4.5.2 Uptake of  Phosphorus

Uptake o f  P had also been inf luenced by the applicat ion o f  N at 

different  levels. Applicat ion o f  120 kg N ha ' 1 (nfl recorded the maxim um 

P uptake (48.24 kg ha ’1) and was signif icantly superior  to those applied 

with lower levels o f  ni trogen.  Different  sources o f  N also signif icantly 

inf luenced the P uptake and S2 recorded the highest  P uptake value (36,22 

kg ha"1). A mong the NPK ratios, applicat ion o f  N, P and K in 2 : 1 : 1.5 

ratios (rfl registered signif icantly superior  P uptake than ij.

The P uptake was not influenced by the interact ions o f  N, S and R.



Trea tments

Levels  o f  ni trogen (N) 

ni 

n?

ti 3 

F t , 24

SE

CD

Sources o f  ni trogen (S) 

st

S2

E l ,  24

SE

CD

NPK ratios (R) 

n 

r 2 

F I. 24

SE

CD

N uptake

65.18 

91.92 

1 10.53 

760.54* * 

0.83 

2.413

86.85

91.57

24.47**

0.67

1.970

86.45

91.96

33.42**

0.67

1.970

P uptake

23.06

34.52

48.24

810.72**

0.44

1.292

34.32

36.22

13.79**

0.36

1.055

34.70

35.84

4.94*

0.36

1.055

K uptake

80.47 

1 17.63 

138.66 

187.99** 

0.85 

2.495

.27 

13.23 

3.96 

0.70

109.24 

1 15.26 

37.21** 

0.70 

2.03 7



Table 4.5b Interact ion effect o f  different  levels o f  ni trogen, sources of  

ni trogen and NPK. ratios on uptake o f  nutr ients  at harvest,  

kg ha ' 1

Trea tments N uptake P uptake K. uptake

n,si 63.3 8 22.85 79.37

11 [S? 66.97 23.27 81.57

HtS | 88.97 32.98 1 16.61

n2s2 94.87 36.05 1 18.65

n3si 108.19 47.14 137.84

n3s2 1 12.86 49.34 139.48

f  2 24 0.49 2.32 0.03

SE 1.17 0.63 1.21

n i r [ 63.50 22.57 77.27

ill r2 66,86 23.55 83.67

n 2 r i 88.21 34.64 1 14.53

n 2 n2 95.62 34.40 120.73

n 3ri 107.64 46.91 135.93

n 3r2 113.41 49.57 141.39

E2 24 1.51 2.71 0.08

SE 1.17 0.63 1.21

s ! r ! 84.20 33.34 108.23

S|f2 89.49 35.31 1 14.31

s2r i 88.70 36.07 1 10.25

s2r2 94.44 36.37 1 16.22

f  1. 24 0.05 2.63 0.00

SE 0.95 0.51 0.99



4.5.3 Uptake o f  Potassium

Potass ium uptake increased with increase in level o f  N and nj (120 

kg N ha"1) recorded the m ax im um  value (138,66 kg h a ' 1) which was 

signif icantly superior  to lower levels. The two different  sources o f  N did 

not have signif icant influence on K uptake. But K uptake was signif icantly 

influenced by the NPK. ratios and x2 recorded higher K uptake value 

(1 1 5.26 kg h a 1).

None  o f  the interact ions were signif icant  in influencing the K

uptake.

4.6 SOIL NU TRIENT STA TU S A FTER THE EX P ER IM EN T

(TABLES 4.6a and 4.6b)

4.6.1 Nitrogen Status

The available N status o f  the soil was improved after

exper imenta t ion  than initial s tatus in all the plots. An increase in the level 

o f  N signif icantly improved the available N status o f  soil and 113 (1 20 kg N 

h a 1) recorded the m ax im um  value (379.08 kg N h a ' 1). However  different 

sources o f  N and N PK ratios had no inf luence on the avai lable  N status of  

the soil.

The interact ion effects failed to produce any significant  influence on 

the available N status o f  soil.

4.6.2 Ph osphorus  Status

On comparing the mean values with the initial P status o f  the soil, it 

was found that the avai lable  P status o f  the soil was improved in most of  

the plots af ter exper imenta t ion except  in plots treated with 60 kg N ha"1

(iii). Applicat ion o f  120 kg N h a ' 1 (n_i) recorded the highest  value o f  35.59

kg ha ' 1 and it was superior  to ii| and n2. The different  sources o f  N and 

NPK rat ios had no signif icant  influence on the available P status o f  soil.



Trea tments Availab le  N
Available

P2Os

Available

k 2o

Levels  o f  n i t rogen (N) 

ni 349.30 30.75 177.98

112 366.43 33.79 188.19

379.08 35.59 203.12

T 2, 24 44.58** 38.50** 189.98**

SE 2.24 0.39 0.92

CD 6.534 1.150 2.678

Sources o f  ni trogen (S)

S[ 362.79 33.57 186.40

S2 367.09 33.18 193.13

f 1, 14 2.75 0.71 40.36**

SE 1.83 0.32 0.75

CD - 2.186

N PK ratios (R)

i'i 367.43 33.24 187.34

D 362.45 33.52 192.19

F| 3.70 0.38 20.96**

SE 1.83 0.32 0.75

CD - - 2.186

^ S i g n i f i c a n t  at 1 per  cent



Table 4.6b Interaction effect o f  different  levels o f  ni trogen,  sources of  

nitrogen and NPK ratios on soil nutr ient  s tatus after the 

experiment ,  kg ha"1

' t rea tm ents
Available

N

Available

p 2o>

Available

K : 0

n i s j 348.57 30.67 ........1 77 .64 ........

111S2 350.03 30.84 178.32

364.43 33.88 187.83

I'll S 7 368.44 33.71 188.55

ITS, 375.36 36.17 193.72

U3S: 382.79 35.00 212.51

F t 24 0.45 0.78 32.39**

SE 3.17 0.56 1.30

CD - - 3.787

n i r i 351.1 1 30.38 1 75 94

n i r 2 347.48 31.13 180.02

112 r[ 369.12 33.78 185.88

Il2l‘2 363.74 33.81 190.49

n.ir 382,04 35.55 200.19

n^ri 376.11 35.62 206.05

F 2, 24 0.07 0.27 0.24

SE 3.17 0.56 1.30

S1 r 1 365.41 33.45 184.53

S11‘2 360.17 33.69 188.27

S 21’ ] 369.44 33.02 190.15

S > 1*2 364.73 33.35 196.1 1

F ]. 24 0.02 0.01 1.10

SE 2.58 0.45 1.06

^^Signi f icant  at 1 p e r c e n t  level



a

None o f  the interact ions were found to be significant in in f luencing  

the available F status o f  soil.

4.6.3 Potassium Status

The available K status o f  the soil was improved in all the plots  after 

exper imenta t ion.  The N levels had a profound impact on the avai lable  K 

status o f  soil. An increase in available K status o f  the soil was recorded 

by enhanc ing the levels o f  N and maxim um value o f  203,12 kg ha ' 1 was 

recorded with n2 (120 kg N h a ' 1) level. Effect o f  different  sources o f  N 

was also found to be signif icant in influencing the available K status of  

soil and vermicompost  treated plots (S2) recorded superior  value (193.13 

kg h a ' 1). Among the two different  NPK. ratios, r2 (2 : 1 : 1.5) recorded 

signif icantly higher available K status (192,1 9 kg h a ' 1) than r[ (2 : 1 ; 1).

The  combinations o f  different  levels o f N  and different  sources o f  N 

were signif icant  in influencing the available K status o f  the soil. Al 111 

and 112 levels , the different sources o f  N did not result in any change  in the 

availabili ty o f  K in the soil,  but with n 3 level, s2 treated plots registered a 

s ignif icantly higher availabil ity o f  K in the soil.

The interact ions o f  N x R, S x R and N x S x R could not 

s ignif icantly influence the available K status o f  the soil.

4.7 N ITRO G E N  USE EFFICIENCY (TABLES 4.7a and 4.7b)

4.7.1 Agronomic Efficiency

The applied N levels had a marked effect on the agronomic  

eff iciency o f  applied nitrogen. An increase in N upto n2 (90 kg N h a ' 1) 

level increased the agronomic  eff iciency o f  applied N and recorded  the 

maxim um value (25.06 kg grain kg ' 1 N). Thereafter  a reduct ion  in 

agronomic eff iciency was observed with an increase in N to 1 20 kg N ha ' 1 

(nO The twm sources o f  N had no significant  influence on the agronomic  

eff iciency o f  applied nitrogen. But the plots t reated with r2 ratio recorded 

more agronomic  eff iciency than the plots treated with r\.



Trea tments

Agronomic  

eff iciency,  

kg grain kg ‘! N

Apparent  reco 

per cent

Levels  o f  nitrogen (N) 

0 | 15.70 60.36

n 2 25.06 69.94

I V i 20.14 67.96

fT, 22 47.07* * 26.33**

SE 0.68 0.99

CD 2.002 2.889

Sources o f  nitrogen (S)

Si 19.73 63.34

S2 20.86 68.83

F|, 24 2.05 23.32**

SE 0.56 0.80

CD - 2.360

NPK ratios (R)

n 19.43 62.98

r2 21.17 69.18

1' I . 2-1 4.87* 26.69**

SE 0.56 0.80

CD 1.635 2.360



Treatments

Agronomic 

efficiency,  

kg grain kg"1 N

Apparen t  recovery, 

per  cent

n |S] 15,14 57.34

n i s 2 16.25 63.37

n2S| 24.28 66.66

n2S2 25.83 73.21

113S1 19.78 66.01

113S2 20.50 69.91

f 2, 24 0.09 0.51

SE 0.97 1.39

n 1 r 1 14.50 57.58

m r 2 16.89 63.13

n2ri 24.41 65.82

n 2r2 25.71 74.05

n 3r 1 19.38 65.55

n 3r2 20.90 70.37

f  2, 24 0.18 0.83

SE 0.97 1.39

s i r ] 18.67 60.1 1

S| r2 20.79 66.56

s2r| 20.19 65.86

S2r2 21.54 71.81

F|. 24 0.24 0.05

SE 0.79 1.14



The interact ions o f  N, S and R had no signif icant influence on the 

agronomic eff ic iency o f  applied nitrogen.

4.7.2 A pparent  Recovery

The levels of  applied N had a significant influence on the apparent  

recovery o f  appl ied  nitrogen.  The apparent  recovery value increased with 

an increase in N level upto m  (90 kg N ha’1) and recorded the maxim um 

value o f  69.94 per cent. Though the apparent recovery value decreases 

with further  increase in N level upto n3 (120 kg N h a ' 1), it was found to be 

on par  with 112 level. The two different sources o f  N had a marked effect 

in influencing the apparent  recovery o f  applied N and s? treated plots 

exh ib ited  the maximum value (68.83 per cent), NPK ratios also had a 

signif icant  influence on the apparent  recovery o f  applied N and n  

recorded  superior  value (69.18 per cent) than i-|.

Interact ion effects were not significant.

4.8 S H EATH  BLIGHT IN CIDENCE (TABLES 4.8a and 4.8b)

The results revealed that there was a substantial  increase in disease 

incidence with increase in N level. But  the different sources of  N did not 

produce  any effect in disease incidence.

When the NPK ratio was changed from n  to n ,  a s ignif icant  

reduct ion  in disease incidence was observed.  But the decrease in disease 

incidence at higher NPK ratio ( i3) was only seen at lower levels o f  

ni trogen. The disease incidence was on par at the two ratios o f  NPK with 

higher N level (n3). The other  interact ions viz., N x S., S x R and N x S x 

R were found non-signif icant  in influencing the disease incidence.



Treatments Disease index

Levels  o f  ni trogen (N)

n i 30.63 (5.62)

n2 39.88 (6.39)

U3 50.29 (7.16)

F2. 24 93.53**

SE 0.08

CD 0.232

Sources o f  ni trogen (S)

si 40.12 (6,41)

S2 39.62 (6.37)

Fn 24 0,18

SE 0.06

NPK ratios (R)

n 44.14 (6.72)

1‘2 35.82 (6.07)

F 1, 24 50.24**

SE 0.06

CD 0.189

Figures in parentheses  are transformed values



Trea tments Disease index

n  1 S 1 30.00 (5.57)

I1|S2 31.27 (5.68)

n 2S[ 40.68 (6.46)

n 2s2 39.08 (6.33)

ii a  s i 51.05 (7.21)

U 3 S 2 49.54 (7.1 1)

I T ,  2 4 0.68

S i­ 0.1 1

l l  11'  [ 37.66 (6 .2 2 )

1 1 1 1  2 24.31 (5.03)

n 2r [ 42.15 (6.57)

n 2  r2 37.67 (6.22)

t u n 53.31 (7.37)

n.1 r2 47.36 (6.95)

F 2 , 2 4 8.55**

SE 0.11

CD 0.328

S | I ' | 43.86 (6.70)

S |  r 2 36.55 (6.13)

s2r j 44,42 (6.74)

s2r2 35.10 (6.01)

T  l . 2 4 0.77

SE 0.09

Figures in parentheses  are transformed values

^^Signi f icant  at 1 per cent  level



TZ

4.9 R E S P O N S F  SURFACE AND STA N D A RD IZ A T IO N  OF RESPONSE 

TO APPLIED N U T R IEN TS ( FABLE 4.9).

4.9.1 Grain Yield

The Fitted quadrat ic  response is as follows :

Y = -3 .060608  + 0 .1397 X -  0.0006 X 2 

F for regression -  225 .4672

R2 = 93.20 %

The physical op t imum dose o f  ni trogen for grain yield was est imated 

as 109.24 kg h a ' 1.

4.9.2 Straw Yield

The l inear  response equa tion fitted for straw' yield is as follows :

Y = 5.022219 4- 0.5679X

E for regress ion  = 92.71259

R2 = 73.17 %

4.9.3 A gronom ic  eff iciency

Fhe fitted quadrat ic response  is as follows

Y -  - 4 5 .8 6 3 1 8  - 1.5019 X -  0 .0079 X 2 

F for regression = 40.81538

R2 = 71.20 %

Fhe physical  op timum dose o f  ni trogen for N U E  was found to be

94.67 kg h a 1.



Table 4.9 Physical op t imum dose o f  nitrogen for basmati  rice, kg ha ' 1

Charac ter Physical opt imum dose

Grain yield 109.24

A gronomic  efficiency 94.67



4.10 ECO N OM ICS OF C U L TIV A TIO N  (TABLES 4.10a and 4.10b)

4.10.1 Net Returns

The different  levels o f  N, sources o f  N and NPK ratios had 

signif icant  influence on net returns. The results revealed that,  an increase 

in N level increased the net returns ha"1 and 113 (120 kg N ha"1) recorded 

the maximum net returns (Rs. 64636.53 ha ’1), but it was on par  with the m 

(90 kg N ha’1) level (Rs. 63489.73 ha ’1). A mong the two sources o f  N 

tried in the experiment, si treated plots registered higher net returns (Rs, 

60205,25 ha"1) than s; (Rs. 49910.09  h a ' 1) treated plots. Appl icat ion o f  the 

major nutr ients  N, P and K in ri ratio (2 ; 1 : 1.5) resulted in more net 

returns (Rs. 56802.47 h a ' 1) than r, ( 2 : 1 :  1).

None o f  the interact ions were found to have signif icant  influence on 

net returns from basmati  rice cult ivat ion.

4.10.2 Benefit  : Cost Ratio

The N levels were found to be highly signif icant  in influencing the 

benefit : cost ratio. From the result it was clear  that an increase in N level 

showed an increase in the BCR upto n^ (90 kg N ha ’1) level fol lowed by a 

reduction at higher level o f  ni t rogen (113). However  the BCR at m and m 

levels were stat ist ical ly on par. The  highest  BCR was recorded with S| 

which was found to be signif icantly superior  to S2. Different  NPK ratios 

also had a significant  effect in influencing the BCR with r2 ( 2 : 1 :  1.5) 

recording a bet ter BCR than r| (2 : 1 : 1)

Interact ion effects  were not  s ignif icant .



Treatments Net returns,  
Rs. ha ' 1 BCR

Levels  o f  nitrogen (N)
ni 37046.77 1.86
n2 63489.73 2.36

64636.53 2.29
F2. 2 4 163.81 ** 102.79**

SE 1219.52 0.03
CD 3559.694 0.078

Sources o f  nitrogen (S)
S | 60205.25 2.44
^2 49910.09 1.90

F|, 2 4 53.45** 301.47**
SE 995.73 0.02
CD 2906.473 0.064

NPK rat ios (R)
C 53312,88 2.13
1 2 56802.47 2.20

T 1, 2 4 6.14* 5.36* ;
SE 995.73 0.02
CD 2906.473 0.064

^Signif icant  at 5 per cent level 

**Stgnif icant  at 1 per  cent level

Cost o f  cultivat ion per  ha excluding the trea tments - Rs. 34037.00

Cost o f  1 t FYM = Rs. 360.00

Cost o f  1 t vermicompos t  = Rs. 3000.00

Cost o f  1 kg nitrogen = Rs. 1 1.00

Cost o f  I kg phosphate = Rs. 26.00

Cost o f  1 kg potassium = Rs. 9.50

Cost o f  1 kg paddy straw = Rs. 2.00

Cost o f  1 kg Basmati rice = Rs. 30.00

Convers ion factor for grains to rice = 0.65



T reatments Net returns,  Rs. ha ' 1 BCR

n i s i 40563.36 2.03

n |S2 33530.17 1.68

n2S| 68204.25 2.64

n2s2 58775.21 2.07

H3S| 71848.16 2.64

n2s2 57424.90 1.94

f 2, 24 2.39 11.73**

SE 1724.66 0.04

CD - 0.1 1

n i r i 35254.71 1.82

n , r2 38838.82 1.89

n2r. 62129.77 2.32

n2r2 64849.69 2.39

n.2ri 62554.15 2.25

n 2r2 66718.90 2.33

E2, 24 0.90 0.03

SE 1724.66 0.04

S|T| 58020.97 2.38

s 1 r2 62389.55 2.49

s2ri 48604.80 1.88

S2f2 51215.40 1.92

f 1. 24 0.39 0.90

SE 1408.18 0.03

♦♦Signif icant  at 1 per  cent level



DISCUSSION



Nutrient  management has got profound influence on basmati  rice 

with regard to yield and quality. For susta inable  product ion o f  this export  

quality,  aromatic and fine grain variety,  much at tention should be given 

for eco-fr iendly farming pract ices with  emphasi s  on integrated use o f  

organic and inorganic sources o f  nutrients.

in view o f  these facts, a s tudy on “nutr ient  management lor basmali 

rice in wet lands '’ was taken up to derive an op t imum package for nutr ient 

management  for basmati  rice in wetland condit ion.  The field exper iment 

was conducted during September  2001 to January 2002 at the Instructional  

Farm, College o f  Agriculture,  Vellayani .  The  sal ient  f indings o f  the study 

are discussed in this chapter.

5.1 G ROW TH  CH A RA CTE RS

Results o f  the study indicated that different  N levels and N PK ratios 

had a posit ive influence on the g rowth  characters  o f  plants.  Nitrogen 

sources had no influence on different  growth charac ters  except  that it 

exerted a s ignif icant  influence on plant height and DMP.

The influence o f  N levels, sources o f  N and NPK rat ios was 

pronounced during the later stages o f  growth  with respect  to plant height. 

Increasing levels o f  N, NPK rat ios and use o f  ve rmicompos t  for 

subst i tut ing 50 per cent o f  N signif icant ly  increased the plant  height  

except  at-the act ive ti ller ing stage. The highest  value for plant height  was 

recorded by the highest  level o f  N (120 kg h a ' 1) when com bined  with 2 : 1 

: 1.5 ratios o f  NPK. This bet ter response might  be due to the increased 

availabil ity o f  nutr ients  to plants. The  inf luence o f  N fert i l ization in 

encouraging  vegetat ive growth o f  plants,  part icularly plant  height is a well 

established fact. An adequate supply o f  N was  reported to increase plant 

height and deficiency resulted in stunted growth o f  rice plants (Roy el al .



1980). Signif icant  influence o f  N in enhanc ing  the plant height  in rice 

was established by Gupta (1996), Dwivedi  (1997),  Behera  (1998) and 

Chopra and Chopra (2000).

Higher plant height  obtained by the subst i tut ion o f  50 per  cent o f  N 

with vermicompos t  is at tr ibuted to the rapid meri s tcmatic  act ivi ty 

triggered by plant nutr ients  especial ly N (Crowther .  1935), A similar  

increase in plant height by ve rmicompost  app l icat ion was reported by 

Shuxin el al. (1991) in sugarcane and soyabean.  Higher plant  height 

obtained with the applicat ion o f  NPK in 2 : 1 : 1.5 ratio over  2 : 1 : 1  ratio 

may be due to the beneficial  effect o f  K in encouraging  the growth of  

plants. It is well known that K promotes  the growth o f  meristcmatic 

tissues (Tisdale el al., 1995). Accord ing to Barooah  and Ahamed (1964).  

the applicat ion o f  K helped to increase the growth  signif icant ly  at later 

stages with no effect in the earl ier  stages. Even though  K is not cons idered 

to be essential  for promoting the vegetat ive growth  direct ly,  it might  be 

possible that this nutr ient might have an influence in increas ing  the uptake 

o f  N which in turn,  might result in increasing the plant height  as observed 

by Tisdale et al. (1995). Increase in plant  height  due to increased 

applicat ion o f  K was also reported by Anu (2001).

f i l le r  number hi l l"1 was significantly inf luenced by N levels and 

NPK ratios. Increasing N levels and NPK rat ios showed an increasing 

trend in tiller number hil l"1 at all growth stages o f  the crop.  According  to 

Datta and Surji th (1981), N increased ti ller  number  and K increased P 

response and favoured ti ller ing in rice. Potass ium, being an element 

favouring protein production o f  plants,  might  have exerted some influence 

on growth  and tiller production (Vexkull ,  1976). Signif icant  inf luence of  

N in enhancing tiller count in rice was es tab lished  by Dalai and Dixit 

(1987) and Munda (1989) and K by Anu (2001).

A general observation about LAI is that,  LAI was m ax im um  at 50 

per  cent f lowering stage and af terwards it showed a dec l in ing  trend. This



might be due to the reduction in ti ller  number  and product ion o f  small 

sized leaves during later stages. Nit rogen applicat ion increased the LAI in 

rice due to its favourable influence on ti ller  number  and leaf  size 

(Vexkull ,  1976). Increase in plant  height and ti ller  number  has 

cont r ibuted to a cor responding increase in the number  o f  leaves which in 

turn might  have influenced LAI. In many crops,  the amount o f  le a f  area 

available for photosynthesis  is roughly proport ional  to the amount  o f  N 

supplied (Russel,  1973). Increase in LAI o f  rice due to N was  also 

reported by Prasad et al. (1992),  Babu (1996) and Jaiswal and Singh 

(2001). NPK applicat ion in 2 : 1 : 1.5 ratio showed higher LAI than 2 : 1 :  

1 ratio. So it is inferred that applicat ion o f  K in highe r dose has a 

favourable effect in enhancing  the vegetat ive growth  o f  plants.  

Applicat ion o f  K in higher doses with high dose o f  N is essential  for 

proper carbohydrate metabolism. Potass ium being an elemen t favouring 

protein production o f  plants  might  have exerted some influence on growth 

and tiller production and it may also exert its influence in increas ing  LAL

The data o f  DMP (Fig. 3) clearly indicate a progress ive  increase in 

DMP with  increasing levels o f  N from 60 to 120 kg ha"1. Nitrogenous  

compounds  const i tute a s ignif icant  part o f  the total dry weight  o f  plants.  

The overal l  growth contr ibuting factors like plant height and tiller count  

increased with higher levels o f  N applicat ion.  Accord ing  to Russel  (1973),  

as the N supply increases, the extra protein produced  al lows the plant 

leaves to grow larger and hence to have more  surface area for 

photosynthesis ,  which resulted in bet ter NUE o f  plant and enhanced 

growth.  Along with the overal l growth,  the increase in the uptake o f  

nutr ients  might  have contributed to the total DMP, The results  are in 

ag reement with the f indings o f  Reddy et al. (1986),  Subbtah and 

Palaniappan (1988),  Hari et al. (1997),  Kumari  et al. (2000) and Singh and 

Singh (2000a).
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H ig h e r .D M P  was noticed by the subst i tut ion o f  50 per cent o f  N 

through vermicompost  than through FYM. It is seen from Table 4.1, la  

and 4.1.3a that the height o f  plants  and LAI were more  when 

vermicompos t  was used and this could be the reason for enhanced  DMP. 

The nutrient uptake also was favourably influenced by the use of  

vermicompost .  Unlike other organic manures, vermicompost  add it ion  has 

got the added advantage o f  quick nutrient absorption by plants  which also 

improved  dry matter accumulat ion.  So subst i tut ion o f  part o f  N 

requi rement through vermicompos t  resulted in increased DMP.  Similar  

f indings were previously reported by Jadhav et al. (1997) and Rani and 

Srivastava (1997).

Enhanced K level in 2 : 1 : 1.5 ratio over 2 : 1 : 1  ratio might  be 

responsib le for the higher DMP wdth 2 : 1 : 1.5 ratio. Potass ium is known 

to play a s ignif icant  role in the act ivat ion o f  more than 60 enzymes  which 

catalyse various metabolic processes and uptake and trans loca tion o f  

photosynthates  and assimilat ion o f  carbon dioxide.  K is also involved  in 

meri stematic growth o f  plants  where most o f  the enzymes  are abundant  

(Jacobe et al., 1973). So higher K applicat ion increased the abil ity o f  

plants  to grow w'ell and thus accumula te  more dry matter .  Increase in 

DMP o f  rice with enhanced K levels has also been reported by Kurmi and 

Das (1993),  Kale and Chavan  (1996) and Rani et al. (1997).  The higher 

NPK ratio (2 : 1 : 1.5) in combination  with 120 kg N ha’1 or subst i tu t ing 

50 per  cent  o f  N by vermicompost  registered higher DMP. Increased N 

level, subst i tut ing part o f  N with vermicompos t ,  might  have increased the 

availabil i ty o f  nutr ients  leading to higher uptake which inturn resulted in 

the improvement o f  growth o f  plants  and thereby DMP.

5.2 YIELD ATTRIBUTES

Different  yield at tr ibuting characters  o f  basmati rice was favourably 

influenced by higher N levels and higher N PK ratio.



Different  N levels progressively increased the number o f  product ive 

tillers h i l l ' 1 with a s ignificant improvement with each increment in N 

level. According  to Ghose et al. (1960), the increased absorption o f  N 

upto the panicle ini tiation stage increased the ti llering capacity o f  the rice 

plant. Sushamakumar i  (1981) also noticed higher N uptake at higher  

levels o f  N applicat ion and increased ti ller ing was resulted by this higher 

uptake.  Simi lar  results w'ere obtained by Sing et al. (1990),  Rao et al. 

(1993),  Dwivcdi  (1997), Chopra  and Chopra (2000) and Kumari  et al. 

( 2 0 0 0 ).

Signif icant  improvement in productive ti ller  count was observed  

with higher level o f  K applicat ion through 2 : 1 : 1.5 NPK ratio. S imilar  

increase in number  o f  productive tillers with higher K appl ica t ion is in 

conformi ty  with the findings o f  Mahapat ra (1982) and Mondal  et al. 

(1987).  Anu (2001) opined that s ignif icant  higher number o f  panic les  with 

higher levels o f  applied K was due to the bet ter uti lization o f  nutr ients  at 

higher rates o f  K applicat ion which inturn resulted in higher ti ller  count .

Panic le length increased with increasing levels o f  N upto 90 kg h a 1. 

This  might  be due to the increased availabil ity and uptake o f  nutr ien ts  in 

plots receiving higher levels o f  nitrogen.  This observation is suppor ted by 

the f indings o f  Sing et a!. (1990), Gupta (1996) and Singh et al. (1997).

Panicle weight  showed an increasing trend with an increase in level 

o f  N applicat ion.  Highest panicle weight (2.52 g) was obta ined with  120 

kg N ha ' 1 which was found to be on par  with 90 kg N h a ' 1. Higher panicle 

weight  recorded with the NPK ratio o f  2 : 1 : 1.5 over 2 : 1 : 1  might  be 

due to the enhanced availabil ity and uptake o f  nutrients  in plots receiving 

higher N and K levels. These f indings are supported by the f indings of  

Velayudham and Velayudham (1991), Bhattacharya and Singh (1992)  and 

Kurmi and Das (1993).

Nitrogen levels and NPK ratios e x e r t e d ■ significant in i luence  on 

number  o f  spikelets  and filled grains panicle"1. The improved N uptake



due to increased availabil ity at higher levels might have resulted in greater  

number o f  filled grains pan ic le '1. Sing et al. (1990) reported that the 

number o f  grains pan ic le*1 increased signif icantly with every increment in 

N applicat ion as noticed in the present  study. Padmajarao (1995),  Gupta 

(1996),  Singh and Prasad (1999) and Kumari  et al. (2000) also obtained 

similar  results.  Higher number o f  filled grains pan ic le ' 1 with the 

app licat ion o f  NPK. in 2 : 1 : 1.5 ratio may be due to the enhanced K 

applicat ion with this ratio. Potassium st imulated  build up and 

trans locat ion o f  carbohydrates and grain development.  The phenom ena  of  

grain f il ling under K applicat ion was ascribed to increasing photosynthe tic  

act ivity,  as K st imulates some vital bio-chemical  processes like oxida tive 

phosphoryla t ion  (Mengel ,  1976). Increase in filled grain number  with 

increase in K fert i lizat ion was also reported by Anu (2001).

Test  weight was not s ignif icantly influenced by the different

treatments.  According to Yoshida (1981),  thousand grain weight  is a

stable varietal character  as the grain size is r igidly control led by hull. 

Hence the grains cannot  grow to a size greater than that permit ted by the 

hull despite  the abundant  nutrient  supply.

5.3 YIELD

Results (Fig. 4) indicated a s ignif icant posi tive influence o f  N levels 

and NPK ratios on yield. Grain yield increased significantly with increase 

in N upto 90 kg ha ' 1 and further  increase in N increased the yield only 

marginally.  This  increase in yield is the net result o f  the beneficial  effect 

o f  N observed  on various yield at tr ibuting characters  like number  o f  

productive tillers hil l ’1, weight o f  panicles and number o f  filled grains 

panicle"1. Nitrogen has a defini te  role in photosynthesi s  which is directly 

related to starch synthesis and yield. Increasing N levels increased the 

grain yield and this is in line with the work o f  Kumar  and Singh (1984).

Increase in grain yield with increase in N levels is suppor ted by



a s

Bhat tacharya and Singh (1992),  Patel et al.  (1997) and Kumar i  et al. 

(20 0 0 ).

Grain yield recorded higher values with the NPK ratio o f  2 : I : 1.5 

and it recorded 3.88 per  cent increase over 2 : 1 : 1  ratio. This is the net 

result o f  the beneficial  effect o f  2 : 1 : 1.5 NPK ratio observed on various 

yield at tr ibuting characters  like number  o f  productive tillers, number of  

filled grains pan ic le ’1 and panicle weight . Higher uptake o f  nutr ients  due 

to enhanced  applicat ion o f  K might have contributed to the enhancement 

o f  yield at tr ibuting characters  which in turn improved grain y ie ld . 

Potass ium is mainly  involved in the manufacture and translocation of  

starch (Russe l ,  1973). The  increase in grain yield due to higher level of  K 

applicat ion has also been reported by Pillai and Anasuya (1997), Pathak et al. 

(3999) and Thakur et al. (1999).

Apprec iab le  increase in the straw yield was observed with increase 

in N levels and maximum straw yield was obtained with 120 kg N ha ' 1 

(Fig. 4). Higher  s traw yield obta ined with the highest  level o f  N is the net 

result o f  the posi t ive influence o f  higher N levels on plant height ,  tiller 

number,  LAi and DMP, Higher N uptake due to the enhanced availabili ty 

o f  N at higher levels might  have also helped in the product ion o f  higher 

s traw yield. Simi lar  f indings were also reported by Singh and Prasad 

(1999),  Chopra  and Chopra (2000),  Kumari  et al. (2000) and Chander  and 

Pandey (2001).

Higher  s t raw yield obta ined with the subst i tut ion o f  50 per  cent  o f  N 

with vermicompos t  was at tributed to the bet ter nutrient  content  and soil 

improving proper ty o f  vermicompost .  Vermicompost  applicat ion has 

signif icantly con tr ibuted  plant  nutr ients  and growth promot ing substances,  

which in turn have increased the uptake o f  nutr ients  and metabolic  act ivi ty 

o f  plants  (Nielson,  1965), The increase in straw yield due to 

vermicompost  applicat ion is a reflection o f  the growth at tr ibutes viz., 

increased plant height,  LAI and DMP as a result o f  increased availabil ity
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o f  nutr ients .  The minera l izat ion o f  N was supposed to be faster  in the 

presence  o f  ve rmicompost  as reported by Shuxin el al. (1991). This  has 

led to the increase in the leaf  area o f  plants  in plots treated with 

vermicompost  than FYM and subsequently increased yield. Better 

response o f  field crops to vermicompost  was also reported by Shrof f  and 

Devasthal i  (1992).  Jiji and Dale (1999) also reported early availabil ity of  

nutr ients  from ve rmicompost  compared to cowdung  and increased yield in 

all vermicompos t  t reated plots o f  cowpea.

Higher  s traw yield produced  by the higher NPK ratio of  2 : 1 : 1.5 

was due to the higher K content  and the beneficial effects o f  K observed 

on growth  charac ters  o f  the plant. Increase in straw' yield due to increased 

K applicat ion has also been reported by Pillai and Anasuya (1997),  Pathak 

el al. (1999) and Thakur  el al. (1999).

Harvest  index was significantly influenced by N levels. Harvest 

index showed an increasing trend upto 90 kg N ha ' 1 and thereafter  

increasing N level found to decrease harvest index. Under high input 

s i tuat ions especial ly N, the vegetat ive grow'th was more. This  might be 

the reason for increase in biological yield as compared to economic  yield 

after 90 kg N ha ' 1 which resulted in a reduction in harvest index.

5.4 QUALITY C H A R A C T E R S  OF GRAINS

5.4.1 Protein Content  o f  Grains

Levels  o f  N and NPK ratios had significant  effect on protein content  

o f  grains.  The protein content o f  grains significantly increased with each 

increment in N level. It is a w'ell known fact that, N is an important 

const i tuent  o f  protein.  Though the kind o f  protein formed is largely 

inf luenced by genetic factors, the amount o f  protein is governed by 

envi ronmenta l  factors,  especial ly N supply. As more and more  N is 

available to plants,  it is metabo lized to glutamic acid, which is further 

converted  to other  amino acids which are stored as proteins (Tisdale el a l ..



1995). Simi lar  increase in protein content  o f  grains with increase in N 

supply was also reported by Singh et al. {1997) and Anu (2001).

Higher  level o f  K applicat ion by applying N, P and BC in 2 : I : 1.5 

ratio resulted in signif icant  increase in protein content o f  grains 

sugges t ing that K. has a role in the formation o f  proteins. Potass ium is 

involved in the formation o f  pro teins through the polymerizat ion o f  amino 

acids and other  primary units in plants (Webster  and Varner,  1954). 

Increase in grain protein at higher K level was also reported by Anu 

(2 0 0 1 ).

5.4.2 C ookin g  Qual ity  o f  Grains

Grains  obta ined from higher levels o f  N treated plots took more 

cooking time. This might  be due to the ensured supply o f  nutr ients  which 

in turn resulted in higher protein content o f  grains with higher levels o f  N 

applicat ion.  So this higher crude protein content o f  grains due to correct 

quant i ty o f  N supplied  might  have been responsible for the higher time 

required for cooking,  A simi lar  result o f  increase in cooking time with 

increase in protein content  o f  grains was also reported by Hemaletha et al. 

( 2 0 0 0 ).

Though  not s ignificant,  higher N level (90 and 120 kg N h a ' 1) 

recorded  a higher elongat ion  ratio when compared to 60 kg N h a ' 1. But 

the trea tments could not exert  any significant  influence on volume 

expans ion  ratio o f  grains.

5.5 U PT AK E OF N UTRIENTS A T HARVEST

The results  (Fig. 5) revealed a s ignificant  influence o f  N levels, 

sources o f  N and NPK. ratios on nutr ient uptake.

Varying levels o f  N signif icantly influenced the N uptake.  Highest 

value for N uptake was obta ined with the applicat ion o f  highest  level o f  

ni trogen. Simi lar  results were reported by Sudhakar et al. (1986),  Muiida 

(1989) and Patel et al. (1997).  It is an established fact that N absorption



in rice increased with  higher supply o f  the element and higher DMP at 

higher levels o f  N applicat ion also might  have resulted in higher N uptake. 

Several workers  have reported that under normal condit ions  there is a 

progressive  increase in uptake o f  nutr ients  with every additional  dose o f  N 

appl ied  (Sahu and Murthy,  1975; Raj and Morachan,  1980; Mehta et at 

1983).

Comparab le  higher N uptake recorded by the subst i tut ion o f  50 per 

cent o f  N by vermicompost  than FYM might  be due to the higher DMP in 

verm i corn post applied plots. Applicat ion o f  vermicompos t  has 

signif icantly cont r ibuted plant nutr ients  and growth promot ing substances 

which in turn have increased the nutrient uptake and metabolic  activity of  

plans (Nielson.  1965). The results o f  the present  s tudy are in conformity 

with the f indings o f  Shuxin  et al. (1991) and Kale et al. (1992).

Higher N uptake observed with the applicat ion o f  NPK in 2 : 1 : 1.5 

ratio over  2 : 1 : 1  ratio could  be at tr ibuted to the combined effect of  these 

elements in plant parts and the higher DMP by 2 : 1 : 1.5 ratio in all the 

growth stages.  Moreover ,  higher nutr ient  level resulted in vigorous root 

growth and consequent ly  bet ter absorption o f  nutr ients  followed by rapid 

translocation induced by K as reported by Sheela (1993).

The uptake o f  P was signif icantly improved by higher N levels. This 

may be at tr ibuted to the higher P absorption as a result o f  high growth rate 

o f  plants  due to h igher availabil ity o f  nutr ients . Sumneer and Farina 

(1986) stated that N and P had mutually synergist ic effects and that 

resulted in growth  st imula t ion and caused enhanced uptake o f  both 

elements.  The  result is in conformi ty  with the f indings o f  Reddy el al. 

(1986) and Anu (2001).

Substi tu t ing 50 per cent o f  the N with vermicompost  resulted in 

higher P uptake than using FYM. The increased mineral izat ion o f  native 

soil P as a result o f  product ion o f  organic acids during decomposi t ion  o f  

organic  matte r  might  have increased the P uptake by plants. Harthworms
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st imulate P uptake by redis tr ibution o f  organic matter and by increasing 

the enzymatic activation of  phosphatase (Mackay et al., 1982). Indira et al.

(1996) revealed the presence o f  beneficial  microbes  like P solubil is ing 

bacteria and N fixing organ isms in vermicompost .  The P solubil is ing 

microorganisms  increase the avai lable  P content  o f  vermicompost  which 

might  have increased the uptake o f  P by plants.

Among the NPK ratios,  the higher ratio ( 2 : 1 :  1.5) resulted in 

higher P uptake.  Agarwal (1980) reported that increased K level can 

improve the uptake o f  P due to the synergistic  rela t ionship between them. 

The improved DMP with higher N PK ratio also might  have contr ibuted to 

the higher P uptake.  Loganathan and Raj (1972) also previously reported 

such increase in P uptake in the rice variety Co-32 with enhanced 

appl ica t ion o f  potassium.

Higher levels o f  N appl ica t ion significantly increased the K uptake. 

Rathore and Vijayakumar  (1978) reported that there was a consistent  rise 

in the uptake o f  K due to N appl ica t ion as a result o f  increase in 

drymatter.  Increase in K uptake at higher levels o f  N was also supported 

by the f indings o f  Esakkimuthu  et al. (1975),  Singh and Modgal  (1978) 

and Reddy  et al. (1986). Similarly,  applicat ion o f  higher level o f  K 

through NPK ratio o f  2 : 1 : 1.5 also resulted in higher K uptake. Singh et al. 

(1999) also reported a s imi lar  increase in K uptake by rice grain and straw 

with increase in K levels.

5.6 SOIL N U T R IEN T STATUS A FT E R  THE EXPERIMEN T

The available NPK status o f  soil after exper imenta t ion was higher 

than the initial s tatus in mos t  o f  the plots except  the absolute control plot 

and the plots treated with 60 kg N h a ' 1 in the case o f  avai lable  P status. It 

might  be due to the subst i tut ion o f  50 per  cent o f  N level with organic 

manures  like FYM and vermicompost .  However,  no signif icant  difference 

was there between these two sources with respect  to available N status of  

the soil. The higher build up o f  avai lable  N and P status o f  the soil is



attributed to the minera l i sa t ion o f  organic sources or so lubil is ing action o f  

organic acids produced  during the decomposi t ion  o f  organic materials  on 

nat ive sources o f  nutr ients  especial ly P which might  have resulted in an 

enhanced release o f  nat ive and app l ied  P. Kumar  and Yadav (1995),  

Kumar  (1999) and Sudha (1999) also reported similar  results o f  higher N 

and P status o f  soil with organic matter  addition.

The available K status o f  the soil was improved with an increase in 

the level o f  N and it was probably  due to the higher quanti ty o f  organic 

manures required for subst i tut ing 50 per cent o f  N level. Among the 

sources o f  N, ve rmicompost  recorded significantly higher available K 

status o f  soil. Chithra and Janaki  (1999) opined that applicat ion of 

organic wastes, i rrespective o f  the sources,  recorded higher available K 

status o f  soil over  no organics.  In the present  study, the highest  available 

K status was reported by 120 kg N ha"1 subst i tut ing 50 per  cent with 

vermicompost  and is s ignif icant ly  different  from the trea tment which 

received 50 per  cent  o f  N through FYM. But at lower N levels, the 

subst i tut ion o f  two sources d id n ’t differ  signif icantly.  So it is inferred that 

subst i tut ion o f  N with higher quanti t ies  o f  ve rmicompost  resulted in 

higher available K status o f  soil. Bhawalkar  (1992), Vasanlhi and 

K umarasw amy (1996)  and Sudha (1999)  reported higher K status in soil 

with the applicat ion o f  vermicompos t .  Higher available K content in soil 

in vermicompost  t reated plots may be due to the higher K content  in 

vermicompost .  Ear thworms increase the availabil ity of  K by shif ting the 

equil ibrium am ong the forms o f  K from relat ively unavailab le forms to 

more available forms.

The improvement in avai lable  K status with higher NPK ratio o f  2 :

1 : 1.5 over  2 : 1 : 1  may be due to the higher level o f  K applicat ion 

through 2 : 1 : 1.5 ratio. Johnkut ty  (1981) stated that as a mobi le  cation,  

K is easily susceptible  to loss th rough leaching. However  K fixation 

counteracts  the loss through leaching and convert s  it into slowly available



fixed form. This may be the reason for the higher K status o f  soil due to 

applied potassium. Amnial and Muthiah (1995) and Mishra  and Sharma

(1997) also reported higher K content  in soils  with enhanced  K addi t ion as 

in the present study.

5.7 NITROGEN USE EFFICIENCY

The NUE in terms o f  agronomic eff iciency and apparent  recovery 

values increased upto 90 kg N ha ' 1 and thereafter  an increase in N 

appl icat ion to 120 kg ha"1 exerted a slight decl ine in the values (Fig. 6 ). 

Agronomic eff iciency indicates the quanti ty o f  grain produced  per unit 

quanti ty o f  N appl ied  and the lower agronomic eff iciency at higher levels 

of  N (120 kg h a ' 1) might  be due to the losses o f  N when applied in higher 

quanti t ies  or due to the inefficiency o f  the plant in t rans locat ing this to the 

sink. Singh and Sreedevi (1997) and Chopra and Chopra  (2000) also 

reported simi lar  results o f  decrease in agronomic eff iciency with enhanced 

N applicat ion.  As in agronomic efficiency,  apparent  recovery also was 

higher with lower levels o f  N (90 kg ha"1) due to the bet ter availabil ity of  

N and reduced N losses. This is in conformity with the f indings of  

Devascnapathy and Palaniappan (2000).

Apparent  N recovery in vermicompos t  treated plots was  the highest , 

indicat ing the benefi ts  o f  subst i tut ing  part o f  N requirement with 

vermicompos t .  It may be due to the h igher nutrient  supplying eff iciency 

o f  vermicompost  which resulted in h igher apparent  N recovery.  Higher 

apparent  N recovery by the integrat ion o f  organic and chemica l  sources 

was previously reported by Chakrabor ty  el al. (2001).  Pandey el al. (2001) 

and Suja thamma et al. (2001),

The higher N uptake resulted with the applicat ion o f  NPK in 2 ; 1 : 

1.5 over  2 : 1 : 1  further  resulted in higher apparent  recovery o f  N too. 

The better  root growth and consequent  bet ter  absorption o f  nutr ient 

followed by rapid translocation induced by K due to the app licat ion of
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so

higher level o f  nutr ients  (Sheeia,  1993) might  be the reason for the higher 

N uptake and higher apparent  recovery o f  N as observed in the present study.

5.8 SHEATH BLIGHT IN CIDENCE

The basmati  rice variety used for the exper iment - Pusa Basmati-1 is 

highly susceptible  to sheath blight.  It is a well known fact that the 

nutri tional t reatments increase the vulnerabil i ty o f  plants  to the incidence 

of  pests  and diseases.  In the present  s tudy,  the trea tments viz.. N levels 

and NPK ratios s ignificantly influenced sheath bl ight  incidence (Fig. 7). 

The incidence o f  disease was aggravated by an increase in N level as 

observed by Musthafa  and Potty (2001)  in the case o f  sheath bl ight  o f  rice. 

Paracer and Chahal  (1963) reported that heavy applicat ion o f  nitrogenous 

ferti lizers increases the incidence o f  fungal d iseases o f  rice and Ito and 

Sakamoto (1942) opined that the vulnerabil i ty  o f  plants  to diseases with 

heavy N applicat ion is due to the accumula t ion  o f  soluble  N in plants,  

paving way for an unfavourable N and carbohydrate balance in plants. It 

was supported by the reduced incidence o f  sheath bl ight  observed in 

absolute control plots. So reduced level o f  N applicat ion decreases the 

incidence o f  sheath blight disease and s imilar  f inding was also reported by 

Muneera {1 973). •

Lower disease incidence observed in plots treated with NPK ratio o f  

2 : 1  ' .1.5 over  2 : 1 : 1  was due to the higher level o f  K appl ica t ion with 

the 2 : 1 : 1.5 ratio. Beneficial  effects  o f  K to give to le rance  to sheath 

blight disease was earl ier  reported by Chien and Chu (1970).  Signif icant  

reduction in intensi ty o f  sheath bl ight infect ion as in the present  s tudy was 

also reported by Muneera  (1973). Different  N levels in combination  with 

2 : 1 ; 1.5 ratio o f  NPK recorded lower disease index than the combinat ion 

with 2 : 1 : 1  ratio o f  NPK. 7'he highest  disease index value was recorded 

by the trea tment combinat ion n j n  and the lowes t  by n i r2. So this result is 

in agreement with the report  o f  Yamada (1959),  who stated that, the
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deficiency o f  K. and excess o f  N are responsib le  for the disturbance  of  

plant growth and incidence o f  d iseases  like sheath blight o f  rice,

5.9 RESPO NSE SURFACE AND S T A N D A R D IS A T IO N  OF R ESPO N SE

TO APPLIED NITROGEN

The relationship o f  appl ied  N with grain yield, s traw yield and 

agronomic eff iciency were es t imated  by f illing response surfaces.  The 

fitted response surfaces were found to be significant.  Grain yield and 

agronomic  eff iciency exhibited a quadrat ic  response,  while s traw yield 

exhibited a linear response to levels o f  N applied. The  coefficient  of  

determination or predictabili ty ( R 2) indicated that about  93.20 and 71.20 

per cent o f  variat ion in grain yield and agronomic eff ic iency respectively 

could be explained due to the effect o f  applied ni trogen.

From the response surface,  the physical  op timum dose o f  ni trogen 

for basmali  rice was est imated as 109.24 kg ha"1 for grain yield and 94.67 

kg ha"1 for agronomic eff iciency.  In this context ,  it is wor thwhile  to note 

that appl ica t ion o f  nitrogen beyond 90 kg ha"1 has no signif icant  effect in 

improving the yield o f  crop.

5.10 ECO N OM ICS OF CU LTIV A TION

The economics  o f  cult ivat ion was worked out  in terms o f  ne t- income 

and benefi t-cost ratio (Fig. 8). There was an increase in (he net returns 

with increase in N levels, but the BCR showed a decline after 90 kg N ha"1. 

The net returns and BCR values at 90 and 120 kg N ha"1 were stat is tical ly 

at par. This  might  be due to the absence o f  any signif icant  increase in 

yield with an increase in N level beyond 90 kg ha"1.

M ax im um  net income o f  Rs. 60205.25 ha"1 and the highest  BCR of 

2.44 were obtained when FYM was  used as an organic source o f  N for 

subs t i tut ing 50 per  cent o f  N requirement rather  than using vermicompost  

as the source.  Vermicompost  is a costly input than FYM. This might be 

the reason for a reduction in BCR with vermicompost .
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Signif icant  higher net returns and BCR were obtained with higher

NPK ratio o f  2 : 1 : 1.5 over 2 : 1 : 1 .  This might  be due to the

signif icant ly  higher yield obtained with higher level o f  K applicat ion 

which in turn reflected in the economics  o f  cultivat ion.

Subs ti tu t ing 50 per  cent  o f  N requi rement with FYM  instead of  

vermicompost  recorded higher net returns and BCR at all levels o f  N and

the highest  BCR o f  2.64 was recorded by n2S] and n3S|. So based on the

BCR. the fo l lowing conclusion can be drawn.

For maximiz ing  the yield and returns o f  basmati  rice in wetlands,  a 

ferti l izer  dose o f  90 : 45 : 67.5 kg NPK ha ' 1 with 50 per  cent  N as FYM 

and 50 per  cent N as chemical ferti lizer  can be recommended.



SUMMARY



A field exper iment  was conducted at the Instructional Farm, College 

o f  Agriculture,  Vellayani from September  2001 to January 2002 to derive 

an op t im um  package for nutr ient  management for basmati rice in wetland 

condit ion.

The exper imen t was laid out  in factorial RBD with three 

replicat ions.  The treatments consisted o f  three levels o f  N (60,  90 and 120 

kg N h a ' 1), two sources o f  N (sj : 50 per  cent N as FYM and 50 per cent N 

as chem ical  ferti lizer  and S2 : 50 per cent N as vermicompost  and 50 per 

cent  N as chemica l  ferti lizer),  two N PK ratios (2 : I ■. 1 and 2 : 1 ■. 1.5) and 

an absolu te control  thereby forming 13 treatment combinations.  The 

sal ient f indings o f  the exper imen t are summarised  below.

Nitrogen @ 120 kg ha"1, use o f  vermicompos t  for subst i tut ing 50 per 

cent N and applicat ion o f  NPK in 2 : 1 : 1.5 ratio recorded an appreciable 

increase in plant  height over  other levels. The treatment combinations  of  

various ni t rogen levels with r2 ratio recorded significantly superior  plant 

height.

Increased tiller count was observed with increasing levels o f  N 

app l icat ion throughout the crop growth.  NPK ratio o f  2 : 1 : 1.5 recorded 

m ax im um  ti ller  count.

Nit rogen  @ 120 kg ha ' 1 registered appreciable increase in LAI over 

other  levels at all stages o f  growth.  Though the effect o f  NPK ratios was 

not s ignif icant  at earl ier  stages,  the ratio 2 : 1 : 1.5 recorded higher LAI 

towards the later  stages o f  growth.

The DM P was signif icantly influenced by levels o f  N,  sources of  N 

and NPK rat ios at different  stages o f  crop growth.  Nitrogen level o f  120 

kg ha"1, use o f  vermicompos t  for subst i tut ing 50 per cent N and 

appl icat ion o f  NPK in 2 -. ! : 1.5 ratio recorded an apprec iable  increase in



DMP over  other  levels. The interact ion N x R influenced the DMP at 50 

per  cent f lowering stage and the ratio 2 : 1 ; 1.5 produced an increase in 

DMP at lower levels o f  N but at higher N level (120 kg h a ' 1) there was no 

signif icant  difference between the ratios. The interact ion S x R was 

s ignif icant  at m ax im um  ti llering and 50 per  cent f lowering stages.  Use of  

FYM for subst i tu t ing 50 per  cent  N and applicat ion o f  NPK in 2 : 1 : 1.5 

ratio resulted in an increase In DMP but was on par with the treatment 

com bina t ions  s2r2 and s2r t .

The  m a x im um  number  o f  productive tillers hill ' 1 was observed at the 

h ighes t  level o f  N (120 kg ha"1} and NPK ratio o f  2 : 1 : 1.5. The N 

sources and interact ion effects failed to influence the number o f  productive 

tillers h i l l ' 1.

Panicle length was favourably influenced by N levels only. But an 

increase in the panicle length was observed only upto 90 kg N ha"1.

Signif icant ly higher panicle weight  was noticed with N applicat ion 

al 90 kg h a ' 1. Appl icat ion o f  NPK in 2 : 1 : 1.5 ratio also resulted in 

signif icant ly  higher panicle weight.

N um ber  o f  spikelets  pan ic le ’1 and number o f  filled grains pan ic le ' 1 

were signif icant ly  influenced by N levels and NPK ratios. Nitrogen at 

120 kg ha ' 1 and N PK ratio o f  2 : 1 : 1.5 registered higher number o f  

sp ikelets  and f il led grains per  panicle.

The test weight  o f  seeds was not influenced by any o f  the factors 

alone or their  interact ions.

An increase in N applicat ion resulted in an increase in grain yield 

and the app licat ion o f  120 kg N ha ’1 recorded the m ax im um  grain yield 

which  was on par  with the yield at 90 kg N ha’1. Among the NPK ratios, 

2; 1 : 1.5 ratio recorded the maximum value for grain yield.

Straw yield was signif icantly influenced by N levels, N sources and 

NPK ratios.  Ni trogen @ 120 kg ha ’1, use o f  vermicompost  for subst i tut ing



50 per cent N and NPK rati.o o f  2 : 1 : 1.5 recorded  signif icantly superior  

S tra w  yield.

Harvest index showed an increas ing  trend with  increas ing  level o f  N 

upto 90 kg ha ' 1 and thereafter  a reduct ion  was observed with further  

increase in N level.

The grain protein content was signif icantly inf luenced by N levels 

and NPK ratios. The N level o f  120 kg ha "1 and N PK ratio o f  2 : 1 : 1.5 

recorded the highest grain protein content .

The optimum cooking t ime o f  grains was signif icantly inf luenced by 

N levels and the grains obtained from higher doses  o f  N treated plots took 

more cooking time. The volume expans ion ratio and elongat ion  ratio of  

grains were not influenced by the treatments.

Nitrogen uptake was favourably  inf luenced by all the three factors 

studied.  Nitrogen @ 120 kg ha"1, use o f  vermicompos t  for subst i tut ing  50 

per  cent N and NPK appl ica t ion in 2 : 1 : 1.5 ratio recorded the highest 

uptake. Similar  trend was obta ined in the case o f  P uptake also. The 

uptake o f  K was influenced by N levels and NPK ratios. Ni trogen (o> 120 kg 

ha"1 and NPK ratio o f  2 : 1 : 1.5 registered higher K uptake.

The available N and P status o f  the soil was influenced by various N 

levels to a s ignificant extent.  An increase in N appl ica t ion resulted in an 

increase in available N and P status o f  the soil af ter the exper iment and 

maxim um values were recorded with the h ighes t  level (120 kg ha"1) o f  

nitrogen.  Available K status o f  the soil was inf luenced by N levels, 

sources o f  N and NPK ratios. Nit rogen @ 120 kg ha"1, use o f  vermicompos t  

for subst i tut ing 50 per  cent  N and NPK rat ion o f  2 : 1 : 1.5 registered 

significantly superior  available K status in the soil. N x S interact ion was 

also found to be signif icant and the highest  level o f  N (120 kg ha"1) wTen 

combined  with S2 (applicat ion o f  50 per  cent N as vermicompost  and 50



per cent as chemical  ferti lizer) reg istered a s ignif icantly higher 

availabil i ty o f  K in the soil.

The NUE in terms o f  agronomic eff iciency and apparent  recovery of  

applied N were significantly inf luenced by N levels and NPK ratios. 

Increasing  the level o f  N increased the NUE upto 90 kg ha"1 and thereafter  

a slight decl ine in the value was observed with increase in N level. 

Nitrogen @ 90 kg ha"1 recorded the m ax im um  value for both agronomic 

eff iciency and apparent  recovery.  Applicat ion o f  N P K  in 2 : 1 : 1,5 ratio 

also resulted in higher NUE. Subs ti tut ing 50 per cent  N with 

ve rmicompost  registered signif icantly super ior  values for apparent  

recovery compared  to FYM. However  agronomic  eff iciency was not 

influenced by the sources o f  ni trogen.

The increase in N input caused a substantia!  increase in disease 

incidence but the applicat ion o f  NPK in a h igher ratio (2 : 1 : 1.5) caused a 

substantial  reduction in disease incidence.  But  the decrease in disease 

incidence at higher NPK ratio (T2) was only seen at lower levels o f  N and 

it was on par  with the highest  level o f  N tried at the two NPK ratios.

It is evident from the response  surface that the physical  op timum 

dose o f  N for grain yield and agronomic ef f ic iency were 109.24 and 94.67 

kg ha ' 1 respectively.  The straw' yield showed a linear response with 

applied ni trogen.  The net returns and BCR were posi t ive for all the 

treatments.  The N level o f  120 kg ha"1 recorded the m ax im um  net returns 

ha ' 1 and BCR and it was on par  with 90 kg N ha’1. Use o f  FYM for 

subs t i tut ing 50 per  cent o f  ni trogen (s 1) and NPK appl ica t ion in 2 : 1 : 1.5 

ratio ( 12) resulted in higher net returns and B C R  than o ther  t reatments.

The present investigation indicated that for maximizing the yield and 

returns o f  basmati rice in wetlands, a fertilizer dose o f  90 : 45 : 67.5 kg NPK 

ha’1 with 50 per  cent N as FYM and 50 per  cent  N as chem ical  ferti lizer  

can be recommended.



<n

Future Line of  Work

1. In addition to FYM and vermicompost ,  o ther  organ ic  sources  o f  N 

may be tried.

2. Long term integrated nutr ient  management s tudies are also needed 

to know their effect 011 the soil heal th and produc tiv i ty o f  basmati  

rice varieties,

3. As basmati rice is well known for its specific quality traits, quality 

analysis o f  rice produced from organics and combinations o f  organic 

and inorganic fertilizers in comparison with that produced from 

chemical fertilizers alone is essential.



REFERENCES



Agarwal,  M.M, 1980. Phosphorus and po tass ium requ irement o f  rice in 

relat ion to time o f  applicat ion.  Indian J. agric. Res. 14 : 53-56

Ahuja,  S.C., Pawar, D.V.S. , Ahuja,  U. and Gupta,  K.R. 1995. Basmuti  

Rice -  The Scented  Pearl. Directorate o f  Publicat ion,  CCS 

Haryana Agricultural  University,  Hissar,  p. 63

*Akram, M., Cheema, A.A.,  Awan,  M.A. and Ahmed, M. 1985. Effect  o f  

planting date and ferti lizer level on grain yield and protein 

content o f  rice. Pakist.  ,/. agric. Res. 6 : 165-167

Ammal,  U.B. and Muthiah,  N.D. 1995. Combined  effect o f  po ta ss ium and 

organic manure on nutrient  availabil i ty,  yield and  po tassium 

uptake by rice. J. trop. Agric.  33 : 164-166

Anilakumar ,  K., Johnkutty,  I. and Joseph,  K. 1993. Long  te rm effect o f  

continuous ferti l ization by organic and inorganic sources on 

rice productivity.  J. trop. Agric.  31 : 204-209

Anu, S. 2001. Nutrient  management o f  upland rice (O ry ia  sa l iva  L.)

varieties  in coconut garden.  M.Sc.  (Ag.)  thesis ,  Kerala 

Agricultural  University,  Thrissur,  p. 99

Babu,  S.D. 1996. Yield maximizat ion o f  direct sown rice under  puddled 

condition,  M.Sc. (Ag.) thesis,  Kerala Agricultural  Universi ty,  

Thrissur,  p. 1 23

Balasubramanian,  P. 1980. Ni trogen and herbicide m a nagem en t  under 

different planting systems with carbofuran appl icat ion in low 

land rice (IET-1444).  M.Sc.  (Ag.)  thesis,  Tamil  Nadu 

Agricultural Universi ty,  Coimbatore,  p. 141



Baiasubramaniyan,  P. and Palaniappan,  S.P. 1992. Effic iency o f  N-K 

combinat ion on nutr ient uptake and productivi ty o f  IR-50 rice 

with varying population.  Madras  agric. J, 79 : 628-634

Barooah,  S. and Ahamed,  S.A. 1964. NPK trial on tomato .  Indian J. 

Agron.  9 : 268-272

Behera,  A.K, 1998. Response o f  scented rice (Oryza saliva  L.) to ni trogen 

under transplanted condit ion.  Indian J. Agron.  43 : 64-67

Beillaki,  M.A.,  Badnave,  U.P, and Setty, R.A. 1998, Effect  o f  long term

integrated nutrient management on some impor tant  proper t ies

o f  a vertisol. J. Indian Soc. Soil  Sci. 46 : 176-180

Bhattacharya,  H.C. and Singh,  K.N. 1992. Response o f  direct  seeded rice 

to levels and time o f  ni trogen applicat ion.  Indian J. A g r o n . 37 : 

681-685

Bhawalkar ,  V.S. 1992. Vermicomposting  -  the effect ive bio-fert i l izers ,  

Kisan World  19 (4) : 33-37

Bouyoucos,  G.J. 1962. Hydrometer  method  improved for making  particle 

size analysis o f  soil. Agron.  J. 54 : 464-465

Brar, B.S. and Dhil lon,  N.S. 1994. Effect o f  FYM appl icat ion on yield

and soil fertility in r ice-wheat  rotat ion. Int. Rice Res. Notes  19

(2) : 23

Chakraborty ,  A., Chakraborty,  P.K., Banik,  P. and Bagchi ,  D.K. 2001.

Effect o f  integrated nutrient  supply and managem ent  on  yield of  

rice (Oryza sativa  L.) and ni trogen and phosphorus  recovery  by it 

in acid lateritic soils. Indian J. Agron.  46 : 75-80

Chander,  S. and Pandey,  J. 2001. Effect o f  rice (Oryza sa tiva  L.) cul ture,  

ni trogen and weed control on ni trogen com peti t ion  between 

scented rice and weeds.  Indian J. Agron.  46 : 68-74



Chandra,  D. 1992, Effect o f  methods  o f  establishment and levels of  

ni trogen on growth,  yield and protein content  o f  rice varieties.  

Oryza  29 : 33-36

Channamall ikarjuna ,  M. 2000. Effect o f  NPK levels on growth and yield 

o f  KRH-2 hybrid rice. M.Sc.  (Ag.) thesis,  Univers i ty of  

Agricultural  Sciences, Bangalore,  p. 130

Chavan,  S.A.,  Kande,  V.M. and Khanvilakar,  S.A. 1989, Effects  of  

graded levels o f  nitrogen and spacing on per formance  o f  

Mashuri  variety o f  rice, J. Mah. agric. Univ. 14 : 196-197

Chetrei ,  G.B.,  Rai, B.B. and Samiano,  A.R. 1998. Effect o f  FYM 

supplement with N, P and K on grain yield o f  rice IR-41.  Int. 

Rice Res. News!.  13 (2) : 17-18

*Cliien, C.C.  and Chu, C.L. 1970. Studies on the effect o f  fert i l izers  to 

rice diseases. J. Taiwan agric. Res. 19 : 62-71

Chithra,  L. and Janaki ,  P. 1999. Impact  o f  various organic sources on 

po tass ium uptake and yield o f  rice in Thambirrbaran i  r iver  tract 

o f  Tamil  Nadu. Madras agric. J. 86 : 46-48

Chopra,  N.K. and Chopra,  N. 2000.  Effect o f  row spac ing and ni trogen 

level on growth,  yield and seed quality o f  scented rice {Oryza  

saliva  L.) under t ransplanted conditions. Indian J. Agron.  45 : 

304-308

Crowther ,  E.M. 1935. A note on the availabil ity o f  organ ic  ni trogen 

com pounds  in pot experiments.  J. agric. Sci. 15 : 300-302

Dalai , P.K. and Dixit,  L. 1987. Response  o f  medium durat ion rice 

varieties  to levels o f  nitrogen.  Indian J. Agron.  32 ; 286-287

Datta,  D.S.K. and Surjith,  K. 1981. Princ iples  and  Pract ices  o f  Rice  

Production.  John Wiley and Sons, Singapore,  p. 618



Deepa,  S. 1998. Integrated nutr ient  management in a r ice-rice cropping 

system, M.Sc. (Ag.)  thesis ,  Kera la Agricultural  Universi ty,  

Thrissur,  p. 94

Deshmukh,  M.R.,  Shukla,  R.K., Rajput,  R.P. , Paradkar,  U.K. and Tiwari , 

K.L.  1988. Response o f  early rice varieties  to levels of 

fertility. Indian J. Agran,  33 :10-13

Devascnapathy,  P. and Palaniappan,  S.P. 2000.  Band p lacement o f  urea 

solut ion -  a new technique to increase urea-nitrogen eff iciency in 

transplanted rice (Oryza saliva  L.). Indian J. Agron.  45 : 309-3 14

Dhyani ,  B.P. and Mishra,  B. 1994. Scheduling ni trogen app licat ion for 

rice in Moll isols .  Oryza  3 1 : 202-205

Dixit,  R.S.  and Singh,  M.M. 1977. Levels  o f  NPK for rainfed paddy.  Int. 

Rice Commn. News!.  26 (2) : 26

Dubey,  R.P. and Verma,  B.S. 1999. Integrated nutr ient management in 

rice (Oryza saliva  L.) -  r ice-cowpea ( Vigna unguiculaia)  

sequence under  humid tropical  Andaman Islands.  Indian J. 

Agron.  44 : 73-76

Dutta,  R.K., Lahiri,  B.P.,  Khanam, S. and Rahman,  S. 1999. Aroma 

synthesis  in basmati  rice in relat ion to temperature and nitrogen,  

Indian J. Pi. Physiol.  4 : 215-218

Dwivedi ,  D.K. 1997, Response  o f  scented rice (Oryza saliva  L.)

genotypes  to nitrogen under mid-upland  situat ion.  Indian J  

Agron. 42 : 74-76

Dwivedi ,  D.K. and Thakur,  S.S. 2000.  Effect o f  organics and inorganic 

ferti li ty levels on productivi ty o f  rice (Oryza saliva  L.) crop. 

Indian J. Agron.  45 : 568-574



Esakkimuthu ,  N., Kr ishnamoorlhy,  K.K. and Loganathan,  S. 1975.

Influence o f  nitrogen and potass ium and method o f  applicat ion o f  

po tass ium on yield and nutr ient  uptake in rice. J. Indian Sue. 

Soil  Sci. 23 : 452-457

FIB. 2001.  Farm Guide 2001.  Farm Information Bureau,  G overnment  o f  

Kerala,  Th i ruvananthapuram,  p. 97

*Ghose,  Gatge,  M.B. and Subrahmaniyan ,  V. 1960. Rice in India.

Indian Council  o f  Agricultural  Research,  New Delhi ,  p. 67

*Gomes,  J. DEC, Carvalho,  P.C.L.D.E,  Carvelho,  F.L.C. and Rodrigus, 

E.M. 1983. Use o f  organic ferti l izers  in the recovery  o f  low 

ferti lity soils  planted to cassava.  Rev. Bras. Mand. 2 (2) : 63-76

Gomez,  K.A. 1972. Techniques f o r  F ie ld  Experiments  with Rice.

International Rice Research Institute, Los Banos, Philippines,  p. 33

Gupta.  S.K. 1996. Effect o f  planting seedlings and ni trogen on yield of  

rice. Indian J. Agron.  41 : 581-583

Hari,  O., Katyal , S.K. and Dhiman,  S.D. 1997. Effect o f  ni trogen and seed 

rate in nursery on growth  and yield o f  hybrid rice. Indian J. 

Agron.  42 : 275

Elemaletha,  M.,  Thi rumurugan,  V. and Balasubramanian ,  R. 1999.

Influence o f  organic,  biofert i l i zer  and inorganic form o f  ni trogen 

on rice quality.  Int. Rice Res. Notes  24 (1) : 33

Hemaletha,  M., Thirumurugan ,  V. and Balasubramanian ,  R. 2000.  Effect 

o f  organic sources o f  ni trogen on productivi ty,  quali ty o f  rice 

(Oryza sativa  L.) and soil fer ti li ty in s ingle crop  wetlands.  

Indian J. Agron.  45 : 564-567



Hirannaiah,  B.V., Bhashyam, M.K. and AH, S.Z. 2001.  An improved  

cooking  quality test for Basmati  rice. J. Fd. ScL Techrtol. 38 : 

1 16-119

*Hussain,  T., Naki,  L.H. and Jilani,  G. 1991. Com par ison  o f  various 

organic and inorganic ferti l izer  combinations  for economica l  rice 

production.  Pakist. J. Soil Sci. 6 : 21-24

Indira, B.N., Rao,  J .C.B. ,  Senappa,  C. and Kale,  R.D. 1996. Microflora of  

vermicompost .  Proceedings  o f  National  Sem inar  on Organic  

Farming  and  Sus ta inab le  Agriculture,  October  9-11, 1996 ( c d . 

Veeresh,  C.K.).  Associat ion for promot ion  o f  organ ic  farming.  

Bangalore,  pp. 67-69

IRRI. 1980. Standard  evaluation sys tem f o r  rice -  In ternat ional  rice  

test ing programme (IRTP).  International  Rice Research insti tute,  

Los Banos, Phil ippines,  p. 48

* I to, S. and Sakamoto,  S. 1942. Studies  on Rice B las t -Repor t  f o r  1941 

Ministry o f  Agriculture and Forestry, Tokyo,  p. 69

Jackson,  M.L. 1973. Soil  Chemica l  Analys is .  Prentice Hall o f  India. Pvt. 

Ltd., N ew  Delhi,  p. 498

*Jacobe,  B., Abas, S. and Steini tz ,  B. 1973. Rubid ium and potass ium 

absorption by bean le a f  slices compared  to sod ium absorption.  

Physiol. PI. 28 : 209-214

Jadhav,  A.D., Talashilkar ,  S.C. and Powar,  A.G. 1997. Influence o f  the 

conjunctive use o f  FYM, vermicompost  and urea on growth  and 

nutrient uptake in rice. J. Mah. agric. Univ. 22 : 249-250



Jaiswai,  U.P. and Singh, G.R. 2001.  Effect  o f  planting methods ,  source 

and levels o f  n i t rogen on growth  and yield o f  r ice (Oryza saliva  

L.) and on succeed ing whea t  ( Trit'tcum aes t ivum).  Indian J. 

Agron.  46 : 5-11

Janaki ,  P.S, and Hari,  N.S.  1997. V erm icom pos t  increases  ears and grains 

o f  rice. Indian Fmg.  47 (8) : 29

Jiji, T, and Dale,  D. 1999. Vermiculture  for sustainable agriculture  and 

waste management.  Proceed ings  o f  Nat iona l  Sem inar  on 

Participatory A pproaches  f o r  Hor ticu lture Development ,  January  

1999  (ed. Kesavan,  P.K.) . Th i ruvananthapuram,  pp, 237-239

Johnkutty ,  I. 1981. Response o f  Ragi (Eleusine corocana  Gaertn)  to 

different levels o f  N, P and K under rainfed condit ion.  M.Sc.  

(Ag.) thesis, Kerala Agr icu ltural  Universi ty,  Thr issur,  p . 117

Juliano,  B.O. and Perez,  C.M. 1984. Results  o f  a col laborat ive  test on the 

measurement o f  grain elongat ion  o f  mil led rice during cooking. 

./ Cereal  Sci. 2 : 281-292

Kale,  R.D.,  Mallesh,  B.C., Bano,  K. and Bagyaraj ,  D.J. 1992. Influence of  

vermicompost  appl ica t ion on the avai lable  nutr ients  and selected 

microbial  populat ion in a paddy field. Soil  Biol. Biochem.  24 : 

1317-1320

Kale, V.B, and Chavan,  A,S. 1996. Crit ical l imit o f  po tass ium in relation 

to paddy yield in K umbhave  soil series o f  Konkan,  India. P K V  

Res. J. 20 : 190-193

Kanungo,  A.P. and Roul,  P.K. 1994. Response o f  t ransplan ted summer  

rice (Oryza sativa  L.) genotypes  to varying levels o f  fertility 

and plant density.  Indian J. Agron.  39 : 216-219



Khatua,  K.B., Chaudhury,  S.C., Panda,  M. and Mishra,  A. 1976.

Nitrogen,  phosphorus and potash requirement o f  high yielding 

rice. Indian J. Agron . 21 : 425-429

Kumar,  A. and Yadav,  D.S. 1995. Use o f  organic manure and fert i lizer  in 

rice ( Oryza sa l iva ) -  wheat  ( Tril icum aes t ivum)  c ropp ing  system 

for sustainabili ty. Indian J. agric. Sci. 65 : 703-707

Kumar,  H.M.P.  1999. Integrated nutr ient  managem en t  in scen ted rice 

under upland drill sown condi t ions .  M.Sc.  (Ag.)  thesis. 

University o f  Agricultural  Sciences,  Dharwad,  p. 126

Kumar,  M.B. and Singh,  K.N. 1984. Studies on ni t rogen,  moisture 

regimes and weed control in upland direct seeded rice. Indian J. 

Agron.  29 : 453-458

Kumari ,  M.B.G.S. ,  Subbaiah,  G., Veeraraghavaiah ,  R. and Rao,  G.V.H.

2000.  Effect o f  plant densi ty and ni trogen levels on growth 

and yield o f  rice. A ndhra  agric. J. 47 : 188-190

Kundu,  D.K. and Pillai,  K.G. 1992. Integrated nutr ient  supply system in 

rice and rice based cropping systems.  Fertl. News  37 (4) : 35-41

Kurmi,  K. and Das, G.R. 1993. Effect o f  po ta ss ium on direct seeded rice

varieties under post f looded situat ion. J. Potss. Res. 9 : 284-286

Lakpale,  R., Pandey,  N. and Tripathi ,  R.S.  1999. Effect o f  levels of  

nitrogen and forms o f  pre-condit ioned urea on grain yield and 

nitrogen status in plant and soil o f  rainfed rice ( Oryza  saliva  

L.). Indian J. Agron.  44 : 89-93

Lai, S. and Mathur,  B.S. 1989. Effect o f  long term fert i l izat ion,  manuring

and liming o f  an alfisol on maize,  wheat  and soil propert ies-II

soil physical propert ies .  J. Indian Soc. Soil  Sci. 37 : 815-817



Lenka,  D. and Behra,  P.C, 1967. Response  o f  four Taiwan  and two local 

varieties o f  paddy to high levels o f  ni trogen.  Indian  J. Agron.  

12 : 353-357

*Lin, L.Z., Sarkar, R.S., Nayak,  S.K. and Ravi , 1. 1997. Physiological  

effect o f  nitrogen applicat ion on aromatic rice. J, S. China  

agric Univ. 18 (3) : 13-17

Loganathan,  S. and Raj, K. 1972. Charac terisat ion o f  the pat tern of  

uptake o f  different  nutr ients  by certain high yie ld ing paddy 

strains.  Madras  agric. J. 59 : 215-218

Mackay,  A.D.,  Syres, J.K.,  Springett,  J.A. and Gregy,  P.E.H. 1982. Plant 

availabil ity o f  phosphorus in super phosphate and a phosphate 

rock as influenced by earth worms.  Soil  Biol. Biochem.  14: 2 8 1 ­

287

Mahapatra,  I.C. 1982. Management o f  upland rice soils.  Trans.  I 2 ‘h ini. 

Congr. Soil Sci. 3 : 212-228

Mathew, J.. Bridgit,  T.K. and Joseph,  K. 1994. Integrat ion o f  organic and 

inorganic nutr ient sources in transplanted lowland rice. J. (rap. 

Agric.  3 2 : 1 6 6 - 1 6 7

Mehta,  P.K., Patel, P.J. and Patei,  M.L.  1983. Yield and uptake o f  N, P 

and K. by lowland summer  paddy as inf luenced by sources of  

nitrogen and their  applicat ion methods.  Indian J. agric.  Chem.  

16 : 101-108

Mengel ,  K. 1976. Potass ium in plant  physiology and yie ld format ion.  

Indian Soc. Soil  Sci. Bull. 10 : 23-40

Mishra,  V.K.. and Sharma,  R.B. 1 997. Influence o f  INM on soil heal th and 

energy requi rement o f  rice based  cropping  system. Oryza  34 : 

165-170



Mondai,  S.S. and Chettri ,  M. 1998. Integrated nutr ient  m a nagem ent  for 

sustaining productivi ty and fertility under rice (Oryza saliva  

L.) based cropping system. Indian J. agric. Sci.  68 : 337-340

Mondai,  S.S., Jayaram, D., Pradhan, B.K. and Das,  S.K. 1987. Rate,  time 

and pattern o f  applicat ion o f  ni t rogen and potass ium in 

influencing the yield components  and yield o f  rice. Indian J. 

Agron.  32 : 77-81

*Mondal ,  S.S., Mondai,  T.K., Dandapat ,  S. and Sarkar,  S. 1994. Effect  o f  

FYM, zinc and N PK ferti lizers on yield com ponen ts  and yield 

o f  wheat after winter  rice in West  Bengal .  J. In ie rucademic ia  

2 : 1-16

Munda,  H.K. 1989. Effect o f  nitrogen and phosphorus  on rice growth  and 

yield under upland conditions in Japan. Ann. agric. Res. 10 :415-419

Muneera ,  V.K. 1973. Studies on the control o f  sheath bl ight o f  rice. M.Sc.  

(Ag.) thesis, Kerala Agricultural  Univers i ty,  Thrissur,  p. 66

Munegowda,  N.K.,  Kulkarni ,  K.R., Satuntalora ju and Sadas iva iah ,  T.

1972. Response o f  paddy to ferti l izers  in Sh imoga  district.  

Mysore J. agric. Sci. 66 : 225-234

Musthafa,  K. and Potty, N.N. 2001.  Incidence o f  pests  and d iseases  in 

rice as influenced by ferti lizer appl ica t ion and insitu green 

manuring.  J. trap Agric.  39 : 194-196

Nair, E.V.G. and George,  C.M. 1973. On the appl ica t ion o f  fert i l izers  for 

the dry sown paddy of  Kerala.  Agric.  Res. J. Kera la  10 : 54-55

Nair , M.C. and Gokulapalan,  C. 1990. Basic research on ep idem io logy  o f  

rice diseases.  Basic Research f o r  Crop Disease M a nagem en t  (ed, 

Vidhyasekharan). Daya Publish ing House ,  Delhi ,  pp. 243-258



Nehra,  A.S.,  Hooda,  l.S. and Singh, K.P, 2001.  Effect o f  integrated 

nutrient management  on growth and yield o f  wheat  ( Trit ium  

aest ivum).  Indian J. Agron.  46 : 112-117

Nielson,  R.L. 1965. Presence o f  plant growth regulators  in ea r thw orm  cast 

demonstrated by paper chromatography  and went pea test.  Nature  

208 : 1113-1114

Padmaja,  B. and Veeraraghavaiah.  1998. Effect o f  FYM  on nutr ient 

uptake and ferti lizer  use eff iciency in maize (Zea  mays  L.). 

Andhra  agric. J. 45 : 236-237

Padmajarao,  S. 1995, Yield and high densi ty grain as in f luenced by crop

densi ty and nitrogen level in scented rice. Madras  agric.  J. 82 :

108-112

Pandey,  N. ,  Sarawgi,  A.K.,  Rastogi ,  N.K. and Tripathi,  R.S.  1999. Effect 

o f  FYM and chemical  ni trogen fert i lizer  on grain yield and 

quality of  scented rice varieties. Indian J. agric. Sci. 69 : 621-623

Pandey,  N., Upadhyay, S.K., Joshi , B.S. and Tripathi ,  R.S.  2001.

Integrated use o f  organic manures  and inorganic ni trogen 

ferti lizers for the cult ivat ion o f  lowland rice in vert isol .  Indian  

J. agric. Res. 35 : 112-114

Pandey,  P.C., Rishi,  P.S. and Lai, P. 1995. Green manure subst i tu te  for

inorganic ferti lizer  ni trogen in lowland rice. Int. Rice Res

Notes  20 (1) : 22-23

Pandey,  S.K.,  Kumar,  R., Singh,  R. and Singh,  B.B. 1991. Effect o f  

different  doses o f  ni trogen on d w ar f  and tall varie t ies  o f  rice 

(Oryza saliva L.), Indian J. agric. Sci. 61 : 135-138



Panse,  V.G. and Sukhatme,  P.V. 1985. Statis tical  Methods  f o r  

Agricultura l  Workers.  Fourth edition.  Indian Counci l  o f  

Agricultural  Research,  New Delhi,  p. 347

Paracer,  C.S. and Chahal ,  D.S. 1963, Sheath blight o f  rice caused by 

Rhizoctonia  solani  Kuhn,  a new record in India. Carr.  Sci. 32 : 

328-329

Patel, S.R. , Thakur,  D.S. and Pandya,  K.S. 1997. Response o f  rice (Oryza  

saliva  L.) to nitrogen levels and pre-condit ioned urea in 

inceptisols.  Fertil. News  42 (8) : 37-40

Pathak,  K., Saikia,  M. and Choudhary ,  A.K. 1999. Influence o f  chemicals  

on water  economy o f  upland rice. Oryza  36 : 296-297

Pillat, R.N. and Anasuya,  P. 1997. Effect o f  graded levels o f  applied 

potassium on dry matter production and potassium concent rat ion 

in leaves o f  rice. J. Potss Res. 13 : 137-142

Prakash,  V,, Bhatnagar,  V.K. and Singh,  P. 1990. Response o f  spring rice 

to ferti l izer  pract ices in r icc-rapeseed rotat ion. Int. Rice Res. 

News I. 14 ( 3 ) :  34-35

Prasad,  U.K., Prasad,  T.N. and Kumar,  A. 1992. Response o f  direct 

seeded rice to levels o f  ni trogen and irrigation in ca lcareous  

soil. Indian J. Agron.  37: 686-689

Raj, I .M.R. and Morachan,  Y.B. 1980, Note on the effect o f  seasons,  

stages,  water management and nitrogen levels on the uptake of  

phosphorus in two swamp rice varieties, Indian J. agric. Res. 14 

: 254-258

Rani, M.Y.,  Rao,  B.R.C.P. ,  Sitaramayya,  M. and Shantaram, M.V. 1997.

Effect  o f  NPK levels on dry matter product ion by rice on 

chalka soils. J. Res. A N G R A U  25 : 35-38



no

Rani, R. and Srivastava,  O.P. 1997. Vermicompos t  : a potential  

supplement to ni t rogenous ferti l izer  in rice nutri t ion.  Ini. Rice  

Res. Notes  22 (3) : 30-31

Ranwa,  R.S.  and Singh, K.P, 1999, Effect o f  integrated nutrient  

management with vermicompost  on productivi ty o f  wheat  

( Trit icum aestivum). Indian J. Agron.  44 :554-559

Rao,  K.S.,  Moorthy,  B.T.S. ,  Lodh,  S.B. and Sahoo,  K. 1993, Effect  o f  

graded levels o f  nitrogen on yield and quality o f  different  

varieties  o f  scented rice (Oryza sativa  L.) in Coastal  Orissa.  

Indian J. agric. Sci. 63 : 467-472

Rathore,  A.L. ,  Chipde,  S.I. and Pal, A.R. 1995. Direct and residual  effects 

o f  bio-organic and inorganic ferti lizers in r ice-whea t  c ropping 

system. Indian,].  Agron.  40 : 14-19

Rathore,  D.N. and Vijayakumar.  1978. Nutr ient  uptake and concentrat ion 

in Dinanath grass and sorghum grown at different  levels o f  

ni trogen and phosphorus.  Indian J. agric. Sci. 48 ; 546-550

Reddy,  M.M.,  Raghavulu,  A.V., Ramaiah,  K.N. and Reddy,  V. 1986.

Uptake studies as inf luenced by methods o f  p lan ting  and 

ni trogen levels in rice. J. Res. A ndhra  Pradesh  agric. Univ. 

15 : 77-79

Reddy,  R. and Reddy,  A. 1989. Effects  o f  levels and sources o f  ni trogen  

on rice. Indian J. Agron.  34 : 364-366

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 applicat ion in acid 

sedentary soils. J. Potss. Res. 13 : 131-136



nt

Roy,  R.N., Seetharaman,  S., Biswas, B.C. and Maheswari ,  S.C. 1980. 

Rice. Ferti l izer  Associat ion o f  India, New Delhi ,  p. 140

Russel,  E.W. 1973. Soil  Condit ions and  Plant  Growth.  Longmans ,  Green 

Company Ltd., London,  p. 483

Sahu,  G. and Murthy,  K.S. 1975. Influence o f  nitrogen rate on dry matter  

production,  nitrogen uptake and yield in high yie lding cultures  of  

rice. Indian J. PL Physiol.  18 : 51-53

Sannigrahi .  A.K. and Mendel ,  L.N. 1984, Influence o f  s low release 

nitrogen ferti lizers on the growth and yield o f  rice, its ni trogen 

uptake and leaching loss o f  ni trogen, in water  logged soils. 

Indian J. Agron.  54 : 45-50

Sarmah,  B.N. and Baroova,  S.R. 1994. Effect  o f  sources and levels of  

ni trogen on yield and nitrogen uptake in lowland rice. 

Haryana J. Agron.  10 : 137-140

Saxena,  D.C., Munda,  G.C. and Hazarika,  U.K. 1999. Studies  on the y i e ld  

po ten t ia l  o f  pre-release we t land  rice. Annual  report  for 1997­

98 o f  ICAR Research Complex  for North-Eas t  Hill region.  

Shil long,  Meghalaya,  p. 145

Sengar,  S.S. , Wade, L.J., Baghel ,  S.S., Singh,  R.K. and Singh, G. 2000.

Effect o f  nutr ient  management on rice (Oryza sativa  L.) in 

rainfed lowlands o f  South-East  o f  Madhya  Pradesh.  Indian J. 

Agron.  45 : 3 1 5-322

Shanbhag,  V, 1999. Vermiculture -  The new friend. Fmr. P a r i  34 (2) : 

15-16

Sharma,  A.K. 1994. Ferti l izer  management in rainfed dry land rice under 

excess water  condit ions.  Peril. News  59 (5) : 35-44



Sharma,  A.R, and Mittra,  B.N. 1991. Direct and residual effects o f  

organic materials  and phosphorus ferti lizers in rice based 

cropping system. Indian J. Agron.  36 : 299-303

Sharma,  G.D. and Sharma,  H.L. 1994. Uti l izat ion o f  weed plants  as 

organic  manure under different  methods  o f  rice (Oryza  saliva  

L.) establishment.  Indian J. agric. Sci. 64 : 184-186

Sheela, K.R. 1993. Agronomic  evaluation o f  rice cult ivars  for rainfed 

condit ions o f  Kerala.  Ph.D. thesis,  Kerala Agricultural  

University,  Thrissur, p. 263

Shroff ,  V.N. and Devasthal i ,  S. 1992. Earthworm farming - scope and 

l imitat ions. Proceedings o f  Nationa l  Seminar  on Natural  

Farming,  1992 (eds. Somani,  L.L., Totawat,  K.L, and Baser, 

B.L.), Rajas than College o f  Agriculture,  Udaipur,  pp. 126-142

Shuxin ,  L., Xiong, D. and Debing,  W. 1991. Studies on the effect of  

ear thworms on fertility o f  red arid soil. Advances  in 

managem ent and  conservations  o f  soil  fauna ,  (eds, Veeresh,  

O.K., Rajagopal ,  D. and Virakanth,  C.A.).  Oxford and IBH 

Pub. Co. Pvt. Ltd.,  New Delhi ,  pp. 543-555

*Simpson,  J.E,,  Adair ,  C.R.,  Kohler ,  G.O.,  Dowson,  E.H., Dobald,  H.A.,  

Kester , E.B, and Klick,  J J .  1965. Quali ty  evaluation studies o f  

fo r e ig n  and  domestic  rices.  Technical  Bulletin No. 1331. 

Service,  USDA, p. 186

Sing,  M.P. ,  Singh,  R.P.,  Singh,  O.P. and Varma,  S.C. 1990. Effect of  

modif ied  urea materials  on the performance  o f  rice under 

varying nitrogen levels. Indian J. Agron.  35 : 384-390

Singh,  A.K. and Singh,  N.P. 2000a.  Nutrient  management for op timizing 

rice productivi ty in val ley soil o f  Meghalaya.  Fertl. News  45 

(7) : 51-53



Singh,  A.K.,  Amgain,  L.P. and Sharma,  S.K. 2000a.  Root characteris t ics ,  

soil physical  propert ies  and yield o f  rice (Oryza sativa  L.) as 

in f luenced by integrated nutr ient  management in rice -  wheat 

( Trit'tcum aes t ivum)  system. Indian J. Agron.  45 : 217-222

Singh,  A.K.,  Sharma,  H.C. and Asthana,  K.S. 1983. Response o f  summer 

rice variet ies  to levels o f  phosphorus  and methods o f  planting 

in diara lands. Indian J. Agron.  28 : 473-474

Singh,  A.K.,  Thakur,  S.K. and Singh,  S.S. 1996. Effect o f  ni trogen with 

and without  FYM and zinc on yield, uptake and economics  of  

rice. J. Res. Birsa agric. Univ. 8 : 175-176

Singh,  B.K. and Modgal,  S.C. 1978. Effect o f  levels and methods  o f  

ni trogen applicat ion on the performance o f  dw arf  rice varieties 

on rainfed uplands.  Indian J. agric. Sci. 48 : 337-341

Singh,  D., Singh,  V. and Singh, R. 1999. Potassium status o f  soils  and 

response o f  rice to applied potassium. J. Potss. Res. 15 : 83-87

Singh,  K. and Verma,  H.D. 1990. Response o f  wheat  varieties  to sowing 

dates and fertility levels. Indian J. Agron.  35 : 424

Singh,  K.N, and Sharma,  D.K. 1987. Response o f  nitrogen to rice in sodic 

soils.  Int. Rice Res. Notes  12 (1) : 45

Singh,  M.K.,  Thakur ,  R., Verma,  U.N.,  Upasani ,  R.R. and Pal, S.K. 2000b, 

Effect o f  planting t ime and ni trogen on product ion potential  o f  

basmati  rice ( Oryza sativa  L.) cul t ivars  in Bihar plateau.  Indian  

J. Agron.  45 : 300-303

Singh,  M.V.,  Tripathi ,  H.N. and Tripathi ,  H.P. 1997. Effect o f  ni trogen 

and planting date on yield and quali ty o f  scented rice {Oryza  

sa tiva  L.). Indian J. Agron.  42 : 602-606



Singh,  S.K.,  Varma,  S,C. and Singh,  R.P. 2001. Effect o f  integrated 

nut r ient  management on yield, nutr ient  uptake and changes  in 

soil fertility under rice (Oryza sativa  L.) -  lentil (Lens  

culinuris )  cropping system. Indian J. Agron.  46 : 191-197

Singh,  S.P. and Sreedevi ,  B. 1997. Effect o f  nitrogen levels on growth and 

grain yield o f  dwarf  scented rice. Ann. agric. Res. 1 8 : 388-390

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,  V.P. and Prasad,  A. 1999, Response o f  promising spring sown rice 

(Oryza sativa  L.) varieties  to sowing t ime and ni trogen levels 

under upland rainfed low hill valley si tuat ion o f  Uttar Pradesh.  

Ann. agric. Res. 20 : 296-300

Singh,  V.P.  and Singh,  V.K. 2000b.  Effect o f  sowing date and nitrogen 

level on the productivi ty o f  spring sown rice ( Oryza saliva  L.) 

varieties in low hills o f  Uttaranchal. Indian J. Agron.  45 : 560-563

Singhania ,  R.A. and Singh,  S. 1991, Effect o f  manures  and ni trogen 

fert i lizers  on the phosphorus  uptake and grain yield o f  paddy.  

Curr. Res. 20 : 249-250

Subbiah,  B.V. and Asija,  G.L. 1956. A rapid procedure for es t imat ion of  

available ni trogen in soils.  Curr. Sci. 25 : 259-260

Subbiah,  P. and Palaniappan,  S.P. 1988. Effect o f  urea and urea super 

granules on dry matter  accumula t ion,  yield and nutr ient  uptake 

in rice. J. Res. Andhra  Pradesh agric. Univ. 17 : 1-15

Subbiah,  S.V.,  Pillai, K.G. and Singh,  R.P. 1983, Effect o f  complementa ry  

use o f  organic and inorganic sources o f  nitrogen on the growth, 

ni trogen uptake and grain yield o f  rice variety ‘R a s i ’. Indian J. 

agric. Sci. 53 : 325-329



Sudha,  B. 1999. Nutrient  management for yield improvement of  

t ransplanted rice {Oryza saliva  L.) in the southern  region of  

Kerala.  M.Sc.  (Ag.) thesis, Kerala Agricultural  University,  

Thr issur,  p. 132

Sudhakar,  K., Prasad,  R. and Nair ,  T.V.R. 1987. Effect o f  levels and time 

o f  ni trogen applicat ion on nitrate reductase act ivity,  yield and 

nitrogen uptake by direct seeded rice. Fertil. News  32 (7) : 41-43

*Sudhakar,  N., Pande,  H.K. and Tripathi ,  R.S. 1986. Nitrogen 

management for upland rice product ion in lateritic soil. Thai J. 

agric. Sc i  19 : 291-298

Suja lhamma,  P., Rao,  G.P. and Rajasekhar,  D. 2001.  Nit rogen dynamics 

in rice -  groundnut  cropping system. Andhra  agric. J. 48 : 

223-226

Sumncer,  M.E.  and Farina,  M.P.W. 1986. Phosphorus interact ions with 

other  nutr ients  and l ime in field cropping systems. A dvances  in 

Soil  Science  (ed. Stewart,  B.A.).  Sprinter-Verlag,  N ew  York 

Heidelberg,  Tokyo,  pp. 201-236

Surendran, K. 1985. Nitrogen management in rice variety Lekshmi 

(Kayamkulam-1) .  M.Sc.  (Ag.)  thesis,  Kerala Agricultural  

University,  Thrissur,  p. 129

Sushamakum ar i ,  P. 1981. Effect  o f  different  ratios and levels o f  N, P and 

K on maximiza tion  o f  yield o f  rice in the sandy loam tracts  of  

Onattukara.  M.Sc.  (Ag.)  thesis,  Kerala Agricultural  University,  

Thr issur,  p. 134

Thakur,  D.S,,  Patel, S.R. and Nageshwarla l ,  P. 1999. Effect o f  split 

app licat ion o f  potassium with FYM in rice. Indian J. Agron.  44 : 

301-303



Thakur,  R.B., Singh,  S.K., Jha, G. and Choudhary ,  S.K. 1997, Nitrogen 

nutri t ion in d w ar f  scented rice. J. appl. Biol.  7 : 28-29

Thomas ,  U.C. 2000. Response o f  seed pr iming,  nut r ient  managem en t  and 

irr igation on upland rice (Oryza sativa  L.). M.Sc.  (Ag.)  thesis,  

Kerala Agricultural  Univers i ty,  Thr issur,  p. 59

Tisdale,  S.L., Nelson,  W.L. and Beaton,  J ,D.  1995. So i l  Fert i l i ty  a nd  

Fertil izers.  Fifth edit ion.  Me Mil lan Publi sh ing  Co. , New 

York, p. 733

Tiwana,  U.S.,  Narang, R.S. and Gosal ,  K.S. 1999. Nutr ien t  management 

for yield maximiza tion  o f  rice (Oryza sa tiva  L.) -- wheat  

{Trit icum aes t ivum ) cropping  system. Indian  J. Agron.  44 : 1-7

Tiwari .  V.N.. and Tripathi ,  B.N. 1998. Sus taining rice p roduc t ion  through 

eff icient use o f  ferti lizers,  organic manures  and bio ferti lizers.  

Fmr. P a r i  33 (2) : 17

Tripathi ,  B.N. and Chaubey,  C.N. 1996. Effect  o f  organic sources o f  plant 

nutr ients  in conjunc tion with chem ica l  fert i l izers  on the bulk 

density, yield and uptake o f  nutrients by ricc. Oryza  33 : 200-207

Varma. T.S. and Dixit,  S.P. 1989, Paddy s traw managem ent  in wheat-  

paddy cropping system in N or th -W es t  Himalayan  soils.  Oryza  

26 : 48-60

Vasanthi ,  D. and Kumaraswamy,  K. 1996. Eff icacy  o f  verm icom pos t  on 

the yield o f  rice and on  soil fertility. Proceed ings  o f  National  

Seminar  on Organic Farm ing  a n d  Sus ta inab le  Agriculture.  

October 9-11, 1996  (ed. Veeresh,  C.K.).  Associat ion for

promot ion o f  organic farming,  Bangalore,  pp. 46-47



Velayudham,  A. and Velayudham, K. 1991. Split applicat ion o f  potassium 

to rice (Oryza sativa  L.) in sal ine soils. Indian J. Agron.  36 : 

585-586

Verma, T.S.  1990. Influence o f  Lantana,  Eupator ium and FYM in paddy 

crop. Oryza  28 : 177-183

*Vexkull ,  H.R.V, 1976. Rice- t iming  is crucial in potash applicat ion.  Span  

21 : 32-34

* Webster ,  G.C. and Varner,  J.E. 1954. Peptide bond synthesis  in higher 

plants.  II Act  Biochcm. Biophys.  52 : 23-32

Yamada,  N. 1959. Some aspects  of  physiology o f  bronzing.  Crop Agric. 

115 : 242-249

*Yoshida,  S. 1981. Fundam enta ls  o f  Rice Crop Science.  International 

Rice Research Insti tute,  Los Banos,  Laguna,  Phil ippines,  p. 381

Zia, M.S. ,  Munsif ,  Aslam, M. and Gill ,  M.A. 1992. Integrated use of  

organic manures  and inorganic ferti lizers for the cul t ivat ion  o f  

lowland rice in Pakistan.  Soil  Sci. P I  Nutr. 38 : 331-338

*OriginaI not seen



N UTR IENT M A N A G E M E N T  EOR 
B ASM ATI RICE {Oryza sativa  I,.) IN W E T L A N D S

SINDHU, M.S.

Abstract of  the 
thesis submitted in partial fulf ilment o f  the requirement

for the degree of

M aster  o f  Science in Agriculture

Faculty o f  Agriculture  
Kerala Agricultural  University,  Thrissur

2002

Department o f  Agronomy  
C O LLEG E OF A G R IC U L T U R E  

V ELLA YA NI,  T H IR U V A N A N T H A P U R A M  695522



A field experiment was conducted at the Instructional Farm, College of 

Agriculture, Vellayani from September 2001 to January 2002 to derive an 

optimum package for nutrient management for basmati rice in wetland condition.

The exper iment was laid out in factorial RBD with three 

replicat ions. The  trea tments cons is ted o f  three levels o f  N (60, 90 and 120 

kg N ha ‘l), two sources o f  N (si : 50 per  cent  N as FYM and 50 per  cent N 

as chemical  ferti l izer  and S2 : 50 per  cent N as vermicompost  and 50 per 

cent N as chemica l  ferti lizer),  two N P K  ratios ( 2 : 1 : 1  and 2 : 1 : 1.5) and 

an absolute control thereby forming 13 trea tment combinations.

Results  o f  the exper iment  revealed that the effect o f  both N levels 

and NPK ratios had signif icant  influence on mos t  o f  the b iometric  and 

yield at tr ibuting characters  and yield o f  basmati  rice. Ni trogen @ 120 kg 

ha ' 1 and NPK ratio o f  2 : 1 : 1.5 were found significantly superior  to lower 

levels. Eventhough  the effect o f  sources o f  N was signif icant  on plant 

height  and dry matter  production,  the effect was not visible on the yield 

at tr ibuting characters  and yield o f  the crop.

A significant linear increase in grain yield was recorded upto 90 kg N ha' 1 

and thereafter the increase in grain yield was marginal. But the straw yield 

increased linearly with increase in N level and was also significantly influenced 

by the sources of  nitrogen. NPK ratio o f  2 : 1 : 1.5 recorded higher grain and 

straw yield.

Nitrogen @ 120 kg ha' 1 and NPK ratio o f  2 : 1 : 1,5 produced the highest 

grain protein content. The cooking time of  grains increased with increase in N 

level.

Nitrogen @ 120 kg ha"1 and N P K  ratio o f  2 : 1 : 1.5 recorded the 

highest  uptake o f  nutr ients . Use o f  vermicompost  for subst i tut ing  50 per



cent N resulted in the highest  uptake o f  N and P while the effect on K 

uptake was not significant.

An increase in N appl ica t ion resulted in an increase in available N 

and P status o f  the soil after the experiment.  Nit rogen  @ 120 kg h a ' 1, use 

o f  vermicompost  for substituting 50 per cent N and NPK ratio o f  2 : 1 : 1.5 

registered signif icantly superior  avai lable  K status in the soil.

The maximum NUE in terms o f  agronomic eff ic iency and apparent 

recovery was observed at 90 kg N h a ' 1 and thereaf ter  it decreased with the 

increase in N level. Application o f  NPK in 2 : 1 : 1.5 ratio also resulted in higher 

NUE. Sources o f  N were significant only with respect to apparent recovery and 

substituting 50 per cent N with vermicompost registered superior value.

The physical op timum dose o f  N for  grain yield and agronomic  

eff iciency were worked out to be 109.24 and 94.67 kg N ha -1 respectively.  

Straw yield exhibited a linear response to appl ied  ni trogen.

An increase in N level increased the disease incidence while a 

significant reduction in disease incidence was observed with the NPK ratio 

o f  2 : 1 : 1.5 over 2 : 1 : 1 .

The highest  net returns and BCR were recorded  when FYM was  used 

to subst i tute 50 per cent  o f  ni trogen.  Increase in N levels upto  90 kg ha ' 1 

and applicat ion o f  NPK in 2 : 1 : 1.5 ratio was found profi table.  So a 

ferti l izer  dose o f  90 : 45 : 67.5 kg N PK  ha ' 1 with 50 per  cent  N as FYM 

and 50 per  cent N as chemica l  fert i lizer  can be r ecom m ended  for 

maximiz ing the yield and returns o f  basmati  rice in wetlands.
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A PP E N D IX  -  I

Weather data for the cropping period (September  2001 -  January  2002) -

weekly averages

Standard

week

Temperature,  °C
Rainfal l,

mm

Relat ive

humidity,

%

Evaporat ion ,

mm/dayM axim um Minimum

41 30.00 23.70 14.20 85.30 4.80

42 29.50 24.00 52.60 85.10 3.00

43 30.30 24.00 95.70 81.40 3.00

44 31.00 24.20 - 81.10 3.10

45 30.40 23.70 54.20 81.80 2.80

46 29770 1 23.10 14.60 84.10 3.10

47 30.50 23.40 37.90 84.90 2.40

48 30.50 23.20 - 80.30 3.30

49 31.00 22790 *" 8.60 81.10 2.90

50 30.60 20.00 - 76.20 2,70

51 31.00 22.30 3.70 82.00 3.10

52 31.00 23.50 7T30 79.50 2.70

1 T m c T  ' 23.00 - 80.30 2.90

2 31.00 22.90 - 78.40 2.70

3 30.70 19.50 - 76.60 2.80

4 31.00 23.50 - 76.60 3.00



Mean values o f  absolute control t rea tment

Parameters Mean value
1. Plant height at act ive ti llering stage, cm 34.83
2 . Plant height at 50 per  cent  f lowering stage,  cm 66.79
2) . Plant  height at harvest stage, cm 77.83
4. Tiller number hil l ' 1 at act ive ti ller ing stage 7.83
5. Tiller number hi l l ' 1 at 50 per  cent f lower ing stage 11.15
6 . Tiller number hi l l ' 1 at harvest  s tage 11.02
7. LAI at act ive ti llering stage 2.63
8 . LAI at 50 per  cent f lowering stage 4.01
9. LAI at harvest stage 3.80
10. DMP at active ti llering stage,  t ha ' 1 0.81
11. D M P at 50 per cent f lowering stage,  t ha ' 1 4.92
12. D M P at harvest stage, t ha"1 6.54
13. N um ber  o f  productive tillers hi l l ’1 8.15
14. Length o f  panicle,  cm 23.67
15. Weight  o f  panicle,  g 1.70
16. N um ber  o f  spikelets  pan ic le’1 80.27
17. Number  o f  filled grains pan ic le ’1 64.71
18. Thousand grain weight , g 21.03
19. Grain yield, t ha ' 1 2.08
2 0 . Straw yield, t ha ' 1 4.46
2 1 . Harvest  index 0.32
2 2 . Protein content  o f  grains, per  cent 4.51
23. Nitrogen uptake,  kg ha ' 1 28.98
24. Phosphorus  uptake,  kg ha ' 1 14.82
25. Potass ium uptake,  kg ha ' 1 32.84
26. Available N in soil, kg ha’1 284.54
27. Available P2O 5 content  in soil,  kg ha ' 1 20.90
28. Available K.2O content  in soil,  kg ha ’1 131.78
29. Optimum cooking t ime o f  grains,  minute 14.53
30. Volume expansion  ratio o f  grains 4.48
31. Elongation ratio o f  grains 1.42
32. Sheath bl ight -  Disease index 30.00
33. Net  returns,  Rs ha*1 21662.86
34. Benefit  : Cost ratio 1.61


