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INTRODUCTION



INTRODUC'l'IOH

Kut.tanad, t.he rice bowl of Kerala comprising an

area of approximately 870 sq. Jan is a unique agricultural

region in the world. Practically the whole of this area

lies at a depth of 3 - 4 feet below sea level and for the

major part of t:he year remains submerged under water.

Paddy is the most important crop in this region

producing about: 1.5 lakh tonnes of rice contributing one

seventh of the States total. The agricultural operations

commence at the close of the rainy season, with the stren

gthening of the mud embankments around the fields. The

water within the embankment is then pWUPed out and sprouted

paddy aeeds are sown. During the gronh period of the crop,

water stands at a depth of 5 - 7 feet outside the embankments,

the waves lashing out against the bunds. For this reason,

paddy cultivation in this area is considered uncertain and

risky. The harvest season, generally falls in February.

After the harvest, sea water is allowed to get into the

fields. Though this lead. to a deterioration in soil st~

cture, the practice has its own advantage, in that it pre

vents toxic salt accumulation on the surface soil.

With the construction of Thaneermukkom salt. water

barrier meant to halt salt water intrusion from the Arabian
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sea into Kuttanad' s paddy fields in the summer and to

regulate flow of flood water into t.he sea during the

monsoons, it. has been made possible to raise an additional

crop in this area.

Origin of Kuttanad area as put forward by Velu

Pillay (1940) in 'Travancore State Manual' is that the

area was ODce a bay. The waters of Periyar and other

rivers laden with sediments were discharged into this bay

resulting in the formation of a sand bank linking up the

nearest points of the land. The bay, thus event.ually

became a lagoon which gradually silted up and gave rise

to t.he present wet paddy lands and coconut gardens.

The soils of Kuttanad tract come under clayey, mixed

acidic isohypertherm1c family of Tropic Fluvaquents. The

factors which have been particularly dominant in the develop

ment of these 80ils are high rainfall, t.emperature,

hydrological conditions and vegetation. The organic mat~er

in these soils is resistant to decomposition and waxy in

appearance, most of which is lignit1c and ether soluble

substances. The predominant clay is kaolinite.

Soils of Kuttanad are grouped into 3 categories

i) kari 2) Karappadom 3) kayal soils. Karappadom soils

occur along the inland waterway and rivers, and are spread

over a large part of the upper Kuttanad. Fertil1ty problems

of karappadom soils are connected with strong acidity, high
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lime requirements wide CaN ratio, low available nutrient

status, high percentage saturation of hydrogen and aluminium

ions. These characteristic properties are bound to have a

profound influence on the nitrogen transformation in these

801ls (Xurup, 1967) and consequently the N uptake by rice crop.

Nitrogen efficiency in rice largely ranges between 25

to 30 per cent and 8eldom exceeds 50 per cent.. The response

and recovery of nitrogen in rice depends on the mechanism of

transfOrMation of added fertilizer material. Several nitrogen

1088 mechanisms operating in crop fields are largely

responsible for low nitrogen recoveries. Hence it is highly

essential t.hat steps be taken to check these losses so that

the Crops malee efficient use of the fertilizer. High use

efficiency of nitrogen by crops depends on good soil condition,

adequate application of soil amendments, timely application of

fertilisers, suitable method of application, use of

nitrification inhibitors, coated or other modified forms of

fertilisers.

Studies at Rice Research Station, V4ncompu strategically

located for caterinq the research needs of the Kuttanad rice

cultivation have shown varying response to N application, its

time, method of application and sources. Application of lime

is an absolute necessity for raising rice crop in Kuttanad.

Liming ameliorated soil acidity ,and augmented Ca and Mg status

of soil. It has a profound influence on the lime potential and



N t.ran.ormat.ion in soils.

The commissioning of t.he Thaneermuklcom bund and

introduct.ion of an add!t.iona! crop by avoiding a period of

flooding, has result.ed in considerable variations in soil

acidit.y and allied soil problems. In t.he changed sit.uation

of rice eco-syat.em this st.udy was taken up wit.h t.he

following object.ives.

1. To understand the basic mechanism of t.ransfor

mat.ion of applied nitrogen in karappadom soil.

2. To evaluate t.he best source of nitrogen for

rice production.

3. To find out the eff.ect of interaction of lime

and nitrogen on the nitrogen use efficiency and yield of

rice.
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RBVIEW OF LITERATURE

Kuttanad i8 formed by the deltaic deposition of

four rivers - Pamba, Manimala, Heenachil and Achankovil.

Being below sea level, intrusion of sea water is a problem

for ric. cultivation. The soil contains large deposits of

sulphur, on drying sulphu.r dioxide i8 formed which gets

converted to sulphuric acid on further reaction with water.

A flooded solI is a dynamic heterogenous soil - water system

with oxidised and reduced soil layers. The nitrag-en

transformations functioning in these layers are unique.

Precise infomat.ion on these aspects are meagre. A brief

review of research works pertaining to the above situation

i. presented below.

Nitrogen put;rit.1on of ric. pl,p1;

Nutritional st.udies of rice plant has been a subject

of interest from very long. Kumura (1956) found positive

correlation between tiller number and nitrogen content during

tillering. Tanaka.lS.I1. (1959) reported maximum tillering

and panicle initiation as the two peaks of nitrogen uptake.

Early application of nitrogen was found to promote leaf area

expansion (Murata, 1961). Wada and Matsushlma (1962) confirmed

that the differentiation of spikelets was strongly promoted by

nitrogen supply.
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S1nglachar (1973) noticed tha~ medium dura~ion

varieties responded up~ 150 kg N ha- 1• A similar response

of medium duration varieties to 145 kg N ha-1 ",as reported

by Sadayappan ~ Al. (1974). Rethinam.l.3;. Al. (1975) reported

higher response of dwarf indica varieties to higher levels of

nitrogen upto 150 leg N ha-1. According ~o Roy 11t iU,. (1977)

application of nitrogen in split doses at planting. tillering.

panicle initiation and boot staqe gave high grain yield of

rice. Studies by Ando §!l1 (1978) revealed that at. tillering

stage all ammoniacal nit.rogen was used and t.hat it.s supply

controlled the at.tainment of greatest number of t.illers.

Nit.rogen fertilisers increased grain yield in rice

(Saba ~ Ai. 1980, Kumar and Sharma. 1980; Snitwogse and

J1rathana. 1981, Pandey and Dayanand. 1984, Kaushik Sk Al.,
1984). Gales (1983) found that. leaf expansion was mainly

dependent on t.emperature. plant. wat.er st.ress and nit.rogen

absorption. Reddy and ,Mittra (1985) confirmed from ~heir

s~ud1es that. crop fertili sed with nitrogen produced more

tillers and grain yield.

This reveals tha~ nit.rogen fertilisers play an

import.ant. role 1n the nutri~ion and growth of rice plants.

leading t.o increased grain and st.raw yields when supplied

timely.

Losses of nitrqgen {£Om soil.

Loss of nit.rogen occurs t.hrough volatilization
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denitrification, leaching and run-off, and fixation.

Gaseous loss of ammonia occured from nitrogen fertilisers

applied to soils (Kresge and Satchell, 19601 Reddy and

Patrick, 19801 Criag and wollum, 19821 Ellington, 1986).

High losses of nitrogen under conditions of altemate wetting

and drying has been reported by many workers (Prasada and

Rajale, 1972, Reddy and Patrick, 19751 Tisdale and Nelson,

1975). Drainage studies in heavily manured rice fields

revealed that during monsoon crop season, the extent of

nitrogen 10s8 from a low land rice field through leaching was

4: 2 kg N ha-1 (Chakravorthy JUi. sl., 1973). Large quantities

of N was reported to be lost due to leaching (Yatazawa, 19771

Misra, 1980). Nitrogen was lost in run-off in Japan

(Takamura ~ 21., 1977). Singh (1978) observed that a mean

loss of 3 kg' N ha-1 occurred due to surface run-off in

Philippines. Padmaja and Koshy (1978) reported that a maximum

run-off of 70 per cent nitrogen occurred if the surface water

was drained on the same day of fertiliser application.

Fertilizer nitrogen entering the inorganic nitrogen pool was

subjected to biological interchange with soil organic fraction

(Saito and Watanabe, 1978). Ammonium fixation was yet another

channel of nitrogen loss (Broadbent, 1979). Maximum nitrogen

losses from nitrite decomposition occurred at about a pH of 5,

at lower pH, below 4, nitrification predominated and nitrogen

losses decreased (Ivanov, 1981). Denitrification losses were

greater 1n undrained and irrigated land, after direct drilling,



8

and following fertili.er .pplica~ion (Colbourn and Dowdell.

1984). About 10 per aeDt of the nitrogen applied a:J ammonium

sUlphate was lost as nitrogen. by denitrification in 60 days

(Mian. 1985). Results of studies by Reddy and Patrick (1986)

presented an indirect evidence that the process of rhizosphere

nitrification-denitrification was active in rice. resulting in

a significant amount of nitrogen loss.

Due to these losses of nitrogen occurring in different.

ways from paddy fields. nitrogen fertilizers are used less

efficient.ly in this syst.em than in any other food producing

eeo-system.

Nitrogep us, 'ff~;1!ncy in .1;e

Plant recovery of applied nitrogen is dependent on

soil. climate and cultural pracUe.... studies in this fleld

from year back, has revealed that. the recovery of nitrogen

W4.s very lou. Patrick and Wyatt. (1964) fOund that 20 per

cent of the total soll nitrogen was lost by drying and water

logging of 8011 alone. Under low land. rice cuIt1vation. the

efficiency of applied nltroqenWls only 10 to 50 per cent.

(Reddy and Pat.rick. 1977). Meelu (1980) observed that

ni trogen recovered by rice under pot cuI ture experiments

varied from 25.9 per cent. to 59.8 per cent. The nitrogen use

efficiency in rice was less than 50 per cent (Mahendra and

~31ngh. 1985). As nitrogenous fertilizers contribute to a

substantial proportion of the cost of cult.ivation of rice and
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only a portion of ~he applied nitrogen 1s being utilised

by rice plant, as evident from the low recovery, it is

necessary to increase the efficiency of applied nitrogen.

Methods of increasing nitrogen use efficiency includes

spli~ application, placement, foliar application, use of

nitrification inhibitors and slow release nitrogen fertilisers

(Oertti 1980: Surendra and Prasad, 1984).

Abraham !It. sl.. (1975) found that. t.he application of

40 kg N ha-1 as neem coated urea was equivalent. to 80 kg N ha-
1

as urea. Urea treated with neem cake increased grain yield

of paddy (Kulkarni ~ §l., 1975, Shanker S1 51., 1976:

Jadhav ~ ~., 1983). Neem cake treated uraa was superior to

~ahua cake extract treated urea (Manickan ~~ ~., 1976).

Chakravorthi (1979) reported higher efficiency of ammonium

sulphate, ",hen blended with neem cake. Studies by Sharma

and Prasad (1980) and Pandey an~ Dayanand (1980j revealed

that neem coated urea increased paddy yields. According to

Sinha ~~. (1980) neem cake has nitrification inhibition

properties and blending with urea helped in conserving

ammoniacal nitrogen in solI.

Blending neem cake with urea gave significant yield

advantage and savings in nitrogen, in experiments conducted

in farmers' field at differen~ locations in Kuttanad

(Operational Research Project Repo~, 1980). Increasing the

efficiency of ni~rogen by blending urea with neem cake has been
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reported by Prasad (1980). In an AICRIP t.rial conduct.ed

during 1983-84 at. Mancompu, highest yields were obt.ained

when coal tar urea was used as souroe of nitrogen. Rao and

Shinde (1985) showed that neem cake coated urea was effective

in controlling leaching loss. Studies on the effect. of split.

application of nitrogen for high yielding varieties conducted

at Manaompu during 1968- '71, 1974- '78 and 1983- '86 showed no

significant difference between times of application.

(Koruth, Personal communication)

Rock phosphate increased grain yields in Kuttanad

(Kurup and Ramankutty, 1969). Sharma (1973) has shown t.hat

application of sulphur coated urea is superior to urea applied

1n a single dressing or split. doses. M~hajan and Kaistha

(1974) concluded that. urea and ~~nium sulphate were bet.t.er

than calciuul ammonium nitrate"Raqhavalu and Sreeram It,urthy

(1.975) experimenting with different sources of nitrogen for

low land rice found cmwonium sulphate superior to urea, and

calcium ammonium nitrate. According to Saksena and Mehrotra

(1978) applied nitrogen were heavily lost from urea than

ammonium sulphate. ~"ahal &~. (1982) found that basal

dose 0 f neem coated urea and rock phosphate coated urea

equally effective as urea applied as best split. Primed rock

phosphate wa~ found to be as efficient as superphosphate in

Karappadom, Kayal and coastal sandy soil in increasing rice

yields (Madhusoodhanan and Padmaja. 1982). Subb!an (1983)

comparing different forms of nitrogenous fertilizers showed
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that rock phospha~. coated urea was the best among the

sources tried and gypsum coated urea also showed promise.

Puchades At. Al. (1984) found that nitrogen release from

sulphur coated urea was slow and that after three months

29.5 per cent of the applied nitrogen remained 1n the

granules. Singh and Yadav (1985) recommending ways of

increasing nitrogen use efficiency in low land rice, high

lighted. the promise of rock phosphate and gypsum coated urea.

Thus it can be concluded that these products go a

long way by releasing nitrogen from fertilisers slowly. In

soil, they undergo slow mineralisation or inhibits nitrifi

cation and improves the use efficiency of nitrogen by plants.

Ef£,ct of '\lbmergence on 'oil properties And n1!:rogeO

tran'f9rmatiQn

The biological and physiochem1eAl changes that

accompany waterlogging are important in determining the

suitability of the soil for crop production. The availability

of several plant nutrients and the production of toxic

substances are influenced by the restrictlon in solI aeration

resulting from submergence.

The decomposition of organic matter leading to release

of 2mmonium ions proceeds at a slow rate in a waterlogged soil

(Tenny and Watsman, 1930). Nitrate in a ,,,ater logged soil was

found to be unstable and hence easily lost reports Patrick

(1960). Due to flooding air movement through the flood water
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was restricted and the eoil has no longer adequate supply

of oxygen. Then facultative and true anaerobes became

active. If reduction wae intense, sulphate was reduced to

sulfide. The pH values were higher and had narrower range

than that of well drained soils (Reddy and Patrick, 1975).

Soil submergence brought about considerable changes in

electrochemical and chemical properties of 80il which

affected the plant nutrition considerably (Ponnamperuma,

1972). A less efficient group of organism with a low

nitrogen requirement was involved in anaerobic organic

lnatter decomposition 1n waterlogged s01ls (Alexander, 1977).

Patrick (1964) reports that pH changed from 4.6 at the

most oxidised potential to 7.0 at the most reduced potential.

The production of hydroxyl ions as a result of r~duction of

ferric and manganic compounds and production of ammonia could

account fOr pH rises of 1.6 units in acid soils (Reelman and

Patrick, 1965). The pH values of flooded soil was sensitive

t.o loss of caroondioxide and in most. reduced soils it

equilibrated with carbondioxide at. one atmosphere and the

value was 6.1 (Reddy and Patrick, 1975). Sunil ~ al. (1982)

reported that during submergence of soils under lab conditions

soil pH gradually increased to stabilised values in the

neutral range. Kabeerthuma and Patnaik (1982) noted that in

acid soils, the pH increased on flooding. At 37·C, the

onset a.-,d complete reduction of nitrate was most rapidly
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effec~ed a~ pH 7.5 while higher or lower pH values delayed

~he onse~ and decreased ~he rate of nitrate reduction (Usha

and Alan, 1982). Campbell and Zenter (1984) and Wickramsinghe

~ Al. (1985) reported that 8011 pH is inversely related to

soil nitrate nitrogen. Studies by Martikainer (1985) showed

that nitrification was inhibited by ammonium sulphate and

Potassium sulphate added to soil from organic horizon of a

pine forest at pH 4.1 but stimulated at pH 6.6 and that soil

pH WRR decreased by salts but increased by urea. According

to Goodroad, and Keeney (1984) and Roseberg and Christensen

(1986) the rate of nitrification of ad~ed a~nlacal nitrogen

increased with increasing soil pH and nitrification WnS much

slower in strongly acidic soil than in near neutral soil.

Submergenc~ for 30 days increased specific conductivity

values and it l"1as clcsely related to the organic ma::t<?r content

of soil. Organic matter influenced specific conductivity in

2 ways - by production of ionisable re:tuced organic materials

and by serving as an enargy source for reduction of inorganic

compounds to more soluhl? forms (Recrm2n a~d Patrick. 1965).

The increase in ,..Jnc'tuctanee during the first few weeks after
+2 +2flooding was dU'2 to release of F" and Mn following

reduction of insoluble iron and manageneae hydrous oxide,

displacement of cations from soil colloids by Fe+2 and Mn+ 2

(Ponnamperuma. 1977). Sunil Sl3r.~. (1982) reported that due

to submergence the electrical conductivity of soils was almost

doubled and reached peak values by 4th week and remained so
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up'to 5 weeks and 'then decreased. Sal't8 increased elec'trical

conductlv1'ty of soll ln ac14 condit.ions, and the salts had

inhibitory effect on nitrification (Martikainer, 1985).

Redman and Pat.rick (1965) found that. 'the redox pot.ential

decreased from high values immediately after flooding to very

low values after 30 days. Iron compounds were actlve in reta

rding decline of redox potential after submergence. Redox

potential of highly reduced soils was increased by add!tion

of nitrate. ~~eordlng to Van Cleemput and Patrick (1974)

nitrate reduction rate increased with increasing pH and

decreasing redox potential. Reddy and Patrick (1975) reported

that, for continuously anaerobic condition, the potential

decreased rapidly to -300 mv and r~nained constant there~fter.

Studies by aeddy a.nd Patrick (1976) reveal.ad tha.t rc~dcx

potent.i 31 v21ues below +340 mv' Wc'S f.:;'VOUI>3.bl'2 fOL deni trifi

cation. F'unn;lI!\pel.'"1.una (1377) found that redox potentl?31

affects nitrogen status of the soil, availability of

phosphorus and silicon and gener,:rtion of orqanic acid:; and

hydrogen su.lphite. Buresh and Patrick (1981) concluded that

denitification ls dominant in salls with Eh less than -100 mv.

Reddy and P~trick (1926) conf1~ed from their works that an

Eh value of 300 mv at pH 7 was the break point between

oxidised and reduced zones.

Thus it can be summarised that submergence has profound

influence on the physico-chemieal prope~ie8 of ricp. soil which

in turn affect nitrogen transformations in the s011.
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Itfm 9f liming on 19i1 Rmp,ni,. and nitrogen

transfomation

Soil acidity is common in all regions were precipitation

is high enough b) leach appreciable amounts of exchangeable

bases from the surface layers of soils. It has been proved

that liming has a direat influence on the nitrogen transfor

mations in acidic soils (Tisdale and Nelson, 1975). Studi.s

by Murall and Nielsen (1978) revealed that nitrogen content

in <\erietl fKU·ts of soybean incx'eased t..rith liming acid sulphate

soil. Murphy and l?ollet. (1979) found that liming of soil

reduces acidity <lnd stimulated nitro-;ren fixati.on. I\ccording

to Thiagalingam ~~. (1979) growth of rice and solI pH were

increased by application of lime to flooded acid sulphate soll.

Rice ylelds increased on liming I:tc.id1.·:· -,jils (GajlJhly..:a. 1980).

i"larzlyakov ~~. (1981) !:'lotic~d that 3.pplicaLii>.'! of lime or

open-hf'~rt:~ slaY' increased the uptc:t"~e of soil and fertili~er

ni trogen. Studl~s by Attanandan~ and Vacharo-t:ay~,n (1994)

I·svea].cd that lia~ing :.'as very .necessary for solls t;lith pH less

than 4.5 for good yields. Subba Rao and Ahmed (19a4) concluded

thut ra.1sing the pH of extt-eJuely DelC'it! !io!ls from 4 to 5 with

C2(OH}2 ?na NaOH ~oluti~ns re~ulted in nh0rp incre~se in urea

adsorption. Liming acidic soils in=reesec. the pH

(Chanch~reonsook ?nd Panlchgakpatn~# 1984; Datta4 19841 and

!Par1a .!.!:. sJ... (198:,). The favourable results produced due to

liming of aeid soils could be attributed to a four fold change

n~ described by Bal1gar and Bm\ett (1986).



16

1. Eliminates acidity and reduces toxicity of aluminium

and manganese.

2. Improves structure and calcium, phosphorus and

molybdenum availability.

3. Creates favourable conditions for symbiotic nitrogen

fixation.

4. Reduces availability of zinc, manganese and copper.

Experiments conducted at Kuttanad reve·3.1ed th8t

liming was e~sential for better nutrient ~vailabl11ty and

yield :!.ncrea~e. 1)lle!:(') the hl'1h acidity :tn thesp. 30ils

depletion of exchangenble bases, nutrient status and plant

evailable nu~rients show 0xtreme varlationd depenning on the

va~aries of tropic~l conditions.

Liming experiments conduct.ed 1:":-1' .ubrarnoney and

Sankarandrayanan (1')63) concluded that fully DUJ:nt lime, when

a~;plic<',;:.. 50''iin; gi v.:;s maxir.-lUIT, benefit. A:landaval.li ~ ~.

(1966) reporc..:;dthat the applj.cucion of lime to ::ut.-~anad soils

incre3.sed the avail:1ble nitr.:>gen in soil Kurup <':'::167) in his

studies revealed th<3.t liming favour~d mineralisation of soil

nitrogen. Kabeerthu.m:. (1969) repo.r.tL:3. that:. li:dng increased

ti1t~ ::nrailabili t;y 0f l;.i tl.-ogc?n by '~nhanclng the (",L:erC'\11sation

of or:Janic m,~tt8r. ,su}cu::r.;J.r:au~. ,11 (1971> dud Kabeerthuma

2.nd Chit,hrdnj3.11 (1973) faunJ th,~t lime a..:.)pl1c3.tL)n to kari and

J~ar;)ppado!':' soils had beneficl,3,l e2ft.o'cts on <]To\"iiiq rice and

that the optimum d~se of lime for m;;ximum efficiency \ias half
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~he l1me requ1remen~ for karappadom soils. Kuruvilla (1973)

sugges~ed tha~ acid sulphate solls of Karala could be

ameliorated for qr.owlnq good rice crop by leaching of salts

followed by appllcetion of lime ana continuous flooding.

Kabeerthuma and Patnaik (1982) noted. in acid solls that the

pH increased on flooding. Liming ameliorated soil acid1~y

and augumented the caleium and magnesium status and lime

potential in soil {Datta and Gupta. 1983).

From the above review lt can be concluded that liming

plays a definite role in acidic soils in modifying the soil

pr.operties ~nd making conditions suitable for availability

of other nutrients. It also plays a major role in the

nitrogen transformation. Hence it is necessary that such

~oils be limed ~r better yields.



MATERIALS AND METHODS
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MATERIALS AND METrDJS

'rhe present. study was aimed at si:udyInq 'the

mineralisation pattern of different: sources of nItrogen

1n karappadom so11s and their interaction with lima.

The study ~nprised of two parts.

Ii. Laborat.ory exper1ment.s

B. Pot. - culture experlment

fhe experiments were conducted during the period from

January 1986 to December 1986. at the College of

Hort:leulture. Vella.n1lckara. '1'rlchur.

The soil for both the exper.lments WAS collected

durintf t.he ..-,cnth of December 1~8S 'rom the Rlc... Rescareh

;;;:tatJ on, fJ'.lQncornpu, from " ldte where bulk crop of rice was

grown. The soil t<'\ken from the top 15 em depth "'5~ air

dri~d under shade. nieved through 1. mm sieve an~ utilised

for the stUdy. Hechanical composition and imnortant

characteristics of 'the soil ("!.re given 1n 'rahll:l 1.

Table 1. ~hy.ioo-chemical properties of the 5011.

Mechanical composition
(International pipe te m.thod.p1p~r 1950)

Coarse sand

Fine sand
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Table 1 (contd.)

Silt

Clay

Textural class

Moisture at 1./3 at.roosphe:c:ic tension
(Pressure plate apparatus, Richards, 1948)

Moisture at 15 a~nospher1c tension
(Pressure mer.lb!'aIle appara:tus, RJ.cha.rds, 1')47)

pH (1:2.5 soil wHt.er suspension)
(Elico nH meter, ;·r2c1~';;Oli, 19S~)

25.55%

40.82%

Clayey

9.68%

B1J.!etrical conductivlty (1;2. fj soil
water. suspension)
(Direct r:e;lding co'ductivity b.!':idge,
Jackson, 1958)

Cntion exchange capacity

Organic car.oon
::;'37.k:t~y and BL,c1~ ~icthol.. Pip8r. 1950 j

Tot.al n1 tl~'o'::-Jen

(Macro-~jeldhal. Jackson, 1958)

Available phOsphorus (Bray I extract)
(':':1'1 lora .' ·~·'niiOUS L'~?~luc~d mctlybdol. :.()SpilGL" i.e
blue colour method, Jackson, 1958)

Available potassium (Neutral normal
;'£ L:1oTd.UI:l -:J('u·,;c.te~

(Flame photometric Method, Jackson,1958)

0.3 mmhcslcm

27.23 me!100g

0.37%
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A. LABORATORY EXPERIMENTS

Laboratory incubation study was undertaken to study

the pattern of transformation of nitrogen applied through

different fertiliser souraes under limed and no-lime

conditions and also under two diff.erent mclsture regimes.

The treat..'l'lE:t!t.s Fere:

1.

2.

3.

4.

5.

6.

i"

A.

9.

10.

11.

1?.

13.

1.4.

One set of

NO nitrogen - control (LaC)

Lime + no nitrogen-control (LC)

Urel'!! (L II)o

Limp. ... ' Urea (LU)

Lime + &.lffionium sulphate (LAS)

Ne>er1 co~t~ ure"l (LoNCU)

r..ll'ne + NeeM ("o~tAd Uren (LNC.'U)

NeflE!ll1 cOnted an.\TIonium sulphate (LoNCh)

Ldme + Neem coat~d amr.~nium sulphate (LNCA)

Gypsnm coated ur"'8 CL.OCU)
()

Lime + Gvn~mm t:O<~ted urp.8 (LGCU)

ROt:'k l."'trOS,C·1Bt",e coat~d urea O:"oRPU)

I.1rnt~ + Rock phOS::')l'h"?t.,~ coatiSd urea (LRPU)

tr'3:::trnents \,mrt;! kept at. compl~t2 subin€rgence and

the other at "70 per cent of field muisture capacity.

Experiment U> Studies on soil reaction of. karof.padom soil

This experiment was aimed at studying the change in

pH due to submergence and liming of soil and its consequent
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effect on the transformation of different N fertiliser

materials. ~Jil water suspension (111) was used to determine

the pH of soil in all treatments. The pH reading was taken

at periodic intervals using Elico pH meter.

Exp,riment (2) Studies on the redox-potential (l~h) of
karappadorn soil

This experiment was to study the change in Eh due to

submergence of soil and its effect on the transformation of

different N fertilizer materials over a period of time.

(30 days) Soil-~iater suspc-?nsion (1: 1) was used. The E:1

readings were t~ken using platin~referencecombination

electrode in an exidation Reduction Potential meter. Model

RM-1K of TOA Electronics Ltd. (The refer~nce electrode is

silver - silver chloride electrod?). The values were

corrected with resp~ct to the pot~ntlal of standard H+

ion electrode.

Experiment (~) ,ocudies on -the electrical conductivity (EC)
of Karaopadom soil

This experiment was intended to study the change in

electrical conductivity due to submergence and the effect of

N fertilizer materials and lime on the change in Be. Soil

water suspension (1:2.5) was used. The EC of the sus~ension

was measured 11sing direct reading conductivity meter.



EXPeriment (4) Studiea on the nitrifying organism of
'Jcarappadom soil
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Nitrifying bacteria. being difficult to isolate they

are usually detected in soil by suitable tests and determining

their most probable numbers (HPN). In t.his eXl)eriment serial

dilutions of 10 9 soil sample were made and 1 ml aliquots of

each dilution were: 'transfered into test t1.'hes containing 3 ml

sterilised NH
4

- CaC'(j 3 medium. ;i'he tubes were plu(:med and

incubated for 3 weeks. at 28°C for determining MPN of

Nitrosomonas. In the case of MPN for Nitrobacter, N0 2 - CaC03
medium was used to enumerate the organism. At the end of the

incubation, they were tested with Griess-Illosvay reagent and

the negative and positive tubes l"leI'e marked. Based on the

data the I1PN was calculated frclm table provided by Alexander

(1965).

E>;mef\ment (~.> Nitrogen transformations in karappadom
soils at submerged I'loisture regime.

Soil saliiples (20 g) .-1ere mixed with re~'Uired quantities

of different sources as per treatments to give a final concen-

tration of 100 ppm N with respect to soil# and kept in plastic

-1containers. Lime was added at the rate of 1000 kg he • In

the case of neem coated urea and neenl coated cm~nium sulphate,

neem was coated at the rate of 20 per cent by weight of urea

and ammonium sulphate. After the addition of lime, the soils

were kept submerged for 7 days. prior to the add! tion of the

fertiliser material. Absolute care was taken to maintain
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equal quan~i~y of wa~.r in all con~a1ners by adding

dis~illed water. Sufficient number of replications were

kept. so as to remove duplicate samples at different

intervals tor 3 months. Samples were analysed for

ammoniacal. nitrite and nitrate nitrogen.

EXJi?!riment; (6 ) Nitrogen transforma~ion in karappadom
8011s a~ non-submerged moisture regime.

Soil samples were incubated in the similar way. as

in experiment 5. but. here appropriate quantity of distilled

water was added to maintain the soil at 70 per cent of field

capacity. Samples were drawn in duplicate and estimations

were carried out as in experiment S.

Soil apaly,i,

To 20 q soil, 2 M neutral KCl solution was added and

extracted for one hour. It was tittered through Whatman No.42

filter paper and the extract was used for analysis (Bremner,

1965). Ammoniacal nitrogen was estimated by steam distillation

(Bremner. 1965). nitrate nitrogen by chromotropic acid method

(Sims and Jackson. 1971) and nitrite nitrogen by Griess

Illosvay method (Bremner, 1965).

B. POT-CULTURE EXPERIMENT

A po~ culture study was conducted. to find out crop

response to the application of different sources of nitrogen

along with the effect of 11me.
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The soil for the experiment was collected from the

Rice Research Station, Moncompu. The details of the chara

cteristics of the soil i8 given Table 1.

Season and climate

The pot-culture study was conducted during the period

from June 1986 to October 1986. Meteorological data for the

crop period are presented in Appendix. I •

Lay 0\6

The experiment was laid out in completely randomised

design. so as to sample two replications each at four

intervals viz. maximum tillering. panicle initiation, flowering

and harvest. Separate replica'tions were set to sample soil at

these four intervals.

Treatment.s

All t.he fourteen treatment.s of the laboratory experiment

were used 1n the pob.cult.ure studies also.

Important cbaracter1qt1cs of nitrogen carrisrs usee.

This is a high analysis fertilizer containing 46 per

cent N. It cont.ains N in the amide form. It i8 readily

soluble in wat.er and easily decomposed hy micro-organisms

in soil.
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Ne. goated ure'

Neem (Azl41racbta~) cake is one of the easily

available non-edible indigenous cake reported to posses

nitrification inhibiting properties. Known amount of urea

was taken in a polythene bag and coal tar solution added

(2 ml/l00 g fertiliser) and contents were mixed thoroughly.

Then fresh finely powdered neem aak. was added at the rate

of 20 91100 9 urea and contents were again thoroughly mixed

so that an uniform coating was obtained.

Ammonium ,ulphat.

This is the well-known nitrogenous fertiliser to the

cultivators of India. It contains 20-21% N. It is

crystalline, stable, soluble in water and stores well.

Neern coated ammonium sulphatl

A known quantity of ammonium SUlphate was taken in a

polythene bag and coal tar solution (2 m1l100 g) was added.

It was mixed well, then neem cake was added (20 g/100 g)

and contents were thoroughI y mixed.

Gypsum coated urea

The material used was supplied by Madras Fertilizers

Ltd. It contained 32 per cent urea N, 8.5 per cent calcium

and 6.5 per cent sulphur.
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Rock phosphate 9001:'4 ureA

This fertiliser material was also supplied by

Madras Fertilisers Ltd. It contained 31 per cent Urea N

and 4.6 per cent P20S.

The rice variety selected for the study was Jyothi,

a cross between PTB-10 and la-a. This variety has a

duration of 110 to 125 days with moderate t.o profuse

tillering habit, good fertiliser response and an yield

i 1 f 5 5 h -1potent a a • tons a • The colour of bran 1s red and

the grain is long. It Is moderately tolerant to BPH and

blast. It is susceptible to sheath blight and sheds grains

at maturity.

Pot-culture

'!'he paddy seeds were obtained from the Agricultural

Research Statlon. Mannuthy. '!'he seeds were soaked in water

and incubated In a warm, moist place for sprouting. The

germinated seeds were sown on the third day, in pots previously

prepared for the purpose. The seedlings were pulled out on the

21st day after sowing and transplated into the prepared pots

containing S kg soil each. The soil in the pots were submerged

for two weeks. Lime was added and a week later the seedlings

were transplanted.



two replications at

NH+ - H, NO; - Nand4

was also recorded.
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Irrigation

The pots were watered and the level of water

maintained uniformly upto harvest.

Nitrogen application

Fertilisers were applied at the rate 90. 45. 45

-1NI P20S.K20. kg ha • Nitrogen was applied in two splits,

half at tillering and the remaining a \feek before panicle

initiation stage.

After qult1yatiop

weeding and plant protection operati~ns were carried

out as and when required.

Pbsftaat.10DS

PI[iodiC soil lQalv,ls

Soil samples were drawn from

periodic intervals and analysed for

NO; - N. The pH and Be of the soil

NH: - N was estimated by steam distillation (Bremner, 1965),

NO; - N by chromotropic ac1~ method (Sims and Jackson, 1971)

and NO; - N by Griess - Illosvay Method. (Bremner, 1965)

Growth PAE_ten

The plants were selected from each treatment and the

observations were made on these plants.
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Plant heigbi;

Height was recorded from the base of the plant to

the tip of the longes~ leaf.

Number 9f tillers

The number of tillers in a hill was counted at

periodic intervals, till harvest.

Leaf area index (LAI)

The plants sampled at different periods were used to

determine the LAI. The total leaf area of the plant was

found out by measuring the length and width of leaves and

mUltiplying it with the factor 0.8. The leaf area index

was computed as follows.

LA! 'I'9t511 leaf area
Total land area

Dry matter production

The samples drawn for measuring LA! were used for

determining the dry matter production. The plants were

oven drl~d at 70 0 ± 2°C and total dry weight expressed as

9 plant -1.

Xield parameter§

Number of panigles per plant

'l'he number of panicles in each hill of each

replication was counted and the mean number of panicles per

plant was noted separately.
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Number of splJseAets Plr pan1s;l,

The number of spikele~s in each panicle of a

replication was eounted and the average number of spikelet.

per panicle was recorded.

Grain X1e1d

The weight of grains in each replication was recorded
-1and expressed as g pot •

Chemical anglxsi;

Total nitrogen

The total nitrogen in the plant sample was estimated

by m1cro-kjaldahl method (Bremner. 1965).

Total phosphorus

The plant sample. were ground and P content determined

colorimetr1.cally by vanadomolybdate method.

TOtrol potassium

The potassium content in plant samples were determined

using flame photometric method. Chemical analysis of grain

and straw was done separately.

Uptake og N. P and K

The N. P and K contents of the plant were multiplied

with their respective dry matter yields to get the uptake

values. It was expressed in lDg plant-i.



Statisti9s\ analy§~

The data obtained from the incubation studies and

the pot-culture studies were subjected to statistical

analysis ilsin;S analysis of variance technique (Panse and

Sukhatme# 1967) •

•
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RESULTS AND DISCUSsION

The data from the laboratory experiments are

presented first and these are followed by the results

from pot-cuIt.ure study.

Laboratory experiments>

Studies on soil reaction of
karappadom soil

This experiment was undertaken to study the changes

in pH due to submergence and liming of soil and its effect

on the transformation of different N fertiliser materials.

The data on pH of the soil are g1ven in Table 2 and

representative N sources illustrated in Fig. 1 and 2. The

change in pH due to submergence. application of lime. and

N fertilisers showed that. liming increased soil pH compared

to its corresponding unlimed treatments. during the in!tia1

days of submergence. Thereafter, thouqh the limed treatments

recorded higher values. the difference was not considerable.

In the case of unlimed urea, the pH increased up1:o 5.3 on the

30th day and was maintained almost the same till the 90th day.

When limed. the pH was 6.2 on the 2nd day and it remained

more or less the same till the 5th day. It gradually

decreased to 5.5 on tme 45th day and was maintained at 5.6

till the 90th day. With unlimed ammonium sulphate, there was



Table 2. Changes in. pH of t.he soil on submergence as influenced by N-sources
and liming

lJays aft.er incubation
Trea~nt.s 1 2 5 10 15 20 30 45 60 75 90

LoC 4.5 4.4 4.5 5.5 5.5 5.5 5.4- 5.3 5.4- 5.6 5.5

LC 5.1 5.5 5.4 5.5 5.5 5.6 5.8 5.8 5.8 5.8 5.7

LoU 4.8 4.9 5.1 4.9 5.0 5.1 5.3 5.2 5.3 5.3 5.3

LU 5.6 6.2 6.1 5.7 5.8 5.9 5.9 5.5 5.6 5.6 5.6
1, AS 4.6 4.4 4.4 4.4 5.0 5.2 5.3 5.1 5.2 5.5 5.0

0

LAS 4.7 5.2 5.0 5.3 5.3 5.2 5.4 5.2 5.8 5.8 5.3
1, NCU 4.5 4.6 5.1 5.2 5.0 5.5 5.6 5.4 5.5 5.9 6.0

0

LNCU 6.6 6.6 6.4 5.5 5.5 5.7 5.7 5.4 5.5 6.0 5.8

LNCA 4.3 4.3 4.3 4.5 5.2 5.4- 5.0 5.5 5.5 5.5 5.5
0

LNCA 6.1 5.8 5.2 5.1 5.3 5.5 5.6 5.6 5.5 5.5 5.6

LGCU 4.7 4.8 4.9 5.4 5.5 5.8 5.8 5.5 5.6 5.7 5.5
0

LGCU 5.6 6.5 6.1 5.5 5.6 5.8 6.3 6.0 6.0 6.1 5.8

L RPU 4.9 4.8 5.1 5.4 5.5 5.6 5.6 5.5 5.6 5.6 5.9
0

LRPU 6.4 6.5 6.2 5.5 5.7 5.8 6.3 6.1 6.1 6.1 5.8
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M decrease in pH from 4.6 to 4.4 Oft the 10th day, followed

by an increase by one unit, whereas, for the limed treatment,
ndthere was an increase from 4.7 to 5.1. on the 2 day. After

the 10th day the value remained almost constant till the 45th

day. rrherE' ""fter the-re w;'\s a sllqht incre3se to 5.8 and then

a decrease to 5.3 on the 90th day.

For coated fertilisers (NCU, NeA, GCU, RPU) -the

increase in pH C'lue to liming was higher. When compared with

the uncoated ferti11~ers (Urea and AS) the difference between

limed and unllmed treatments were highly conspicuous upto

5 days. From the 30th day onwards, limed GCU and RPU showed

and increase in pH. On the 90th day the limed and unlimed

treatments had almost similar values.

Discussiop: It could be seen that the pH increased on

submergence. This observation is in confirmity with the

general observation that pH increases in acidic soils on

submergence. (De Datta, 1981). The restricted diffusion of

oxygen in flood water followed by soil reduction which

invalve the consumption of H+ ion would have resulted in the

increase in soil pH. The Kararpadom soils have a high content

of ferric and manganic compounds (Plsharody, 1965) and an

increase in pH would be mainly due to the reduction of iron,

represented as

Fe {OH) 3 + 3 H+ + e :>~ Fe+2 +

A nearly st.able pH attained after a few we.ks of

submerqence could be due to the stabilisation of partial

pressure of carbon d1ox1d~. There was an increase in pH
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for all trea~ents because. the liming material reacted

with acid soil replacing the hydrogen ions on the colloidal

complex. Calcium adsorbed on the colloidal complex might

have raised the percentage base saturation and th0 pH

pushed up.

HOyTever, lt r;hould be nott?d that after 2-3 ~Teeks of

submergence the pH difference between limed and unllmad

treatments narrovled down. This was due to the effect of

submergence. It may be probable that beneficial effect of

1 iming '.laS more as a source of calcium in the soil than

amelior:ttin~i t,he soil pH. '.t'he temiJOI'ary neutralising effect

of li1Tdng :m active acidity mlc;ht have been masked 'by the

potential 3cidity of the soil.

For limed urea, the pH increased sharply on the 2nd

day of submergence compared to unlimed urea and it. gradually

reduced almost to the initial value after the 10th day

(Fig.l). This temporary increase was probably due to the

beneficial effect of lime in enhancing urea hydrolysis. It

is established th~t urea hydrolysis increases soil pH, as

evident from the following reaction.

(NH2)2 00 + 2 H20 >(NH4 ) 2 C0
3

~rl

By the 5"'- day, the hydrolysis might have been completed and

hence the pH d,~clined.

The increase in pH that was noted for limed anltton1um

8ulphate (LAS) could be due to the effect of submergence and
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application of lime. Compared to urea, the increase in pH

for cunmoniu.'11 sulphate soon after submergence was not very

drastic. Hence, the higher pH maintained by urea was due to

hydrolysis.

'l"he::'f! '.y,"IS ar:. :tncrease in pH fOJ: coated ure;~ fe,rtilisers

(GCU, R.PU C'lnd !'len) in the pr.esence of lime, just as in the case

of urea. Theref{Jr,~, it could be that irrespec·tive of ~.,hether

the material is coated or not, the process of urea hydrolysis

was enhanced by lirr~ng.

Experiment - .~. Studies on the redox poten'clal of
Karappadorn s011.

Thi3 ex-perirnent w::'s aimed. to study the effect of

subm.=rgence and liming on the Bh of the soil and its influence

on the transformation of N fertiliser materials. The data

pertaining to this is presented in Table. 3. and representat.ive

N sources depicted in Fig. 3 and 4.

On the first day of incubation the Eh value ranr;ed from

+265 mv for limed urea to +170 mv for limed rock phosphate

coated urea (LRPU). On the 5th day, the value drastically

decreased in all the treatments. It ranged from +25 mv to

+90 mv. F'rom the 5th day, the values increased, to a maximum

d .... ~ - th .aroun tie l.'J aay. The Eh values decreased thereafter till

the 20th d~y 2nd was maintained till the 30th day.

'rhe limE:d tX'eatments recorded lower values compared to

the unllmed treatments. However, the difference was not



Table 3. Changes in redox potential of the solI as influenced by
N-sources and liming (in mv)

Days after incubation
Treatments 1 2 5 10 15 20 30

I. C +225 +205 +55 +166 +154 +30 +30
0

I.e +200 +220 +75 +116 +164 +50 +50

L U +250 +135 +75 +206 +234 +105 +105
0

I.U +265 +180 +55 +176 +104 +25 +20

I. AS +245 +225 +60 +246 +274 +90 +90
0

LAS +195 +200 +70 +196 +139 +35 +35

LNCU +225 +130 +35 +196 +169 +50 +55
0

LRCU +175 +165 +25 +206 +149 +25 +25

LoNCA +215 +195 ·...90 +186 +294 +120 +120
LNCA +200 +165 +55 +196 +189 +80 +85

LoGCU +180 +135 +90 +186 +194 +80 +&5

LGCU +180 +105 +35 +211 +169 +35 +35

LoRPU +205 +lA5 +60 +201 +179 +70 +75

LRPU +170 +175 +45 +176 +144 +70 +75
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drastic upto the 10th day. Between the coated and uncoated

fertiliser treatments. there was only a very slight variation.

Di8£Ys§ion: There was a rapid decline in Eh immediately on
~submergence noto the 5 day followed by a sharp increase

upto the 10th day. This initial rapid drop in Eh might be

due to the production of hydrogen on submerqence (Tamane and

Okazaki. 1982) or due to the release of reducing substances

accompanying oxygen depletion before Mn (IV) and Fe (III)

oxide hydrates can mobilize their buffering capacity. There

was a gradual decline in Eh from the 10th day to the 20th day

before the value got stablised at 30th d~y. The decrease in

Eh 2fter the 10th day might be due to the decreased activity

of the oxidised phase. an increased activity of the reduced

phase and accompanied by an increase in pH. Results of this

observations are in confirm1ty with that of Ponnamperuaa (1977).

The Eh values of +105 mv to +25 mv on the 30th day of

submergence indicated that the main redox system operating

under thi s situation '\'1a5 ferric - ferrous and manganic

manganous systems. lrhe high amount of iron present in the

soil would have prevent-)d the decline of Eh to the negative

7-,lues. Hence, the reduction of sulphate to sulphid.es would.

not have occured under the present situation.

Nitrogen sources were not found to influence soil Eh.

I'his might. be because. no nitrates, which would have affected
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ththe Eh could be detected in any of the N-source upto 30

day of submergence. There was a decrease in Eh value for

11.00 treatments compared. to the unllmed trea1:ments. This

could be due to the increase in pH of the limed treatment.

Eh varies inversely as pH (Redman and Patrick, 1965).

Experiment - ,). Studies on the electrical conductivity
of Kardppadom soil.

This experiment was conducted t.o study the change

in EC due to submergence and also the effect of N fertiliser

mat.erial and lime on the EC. The data are presented in

Table.4 and those of a few representative treatments in

Fig. 5 and 6.

The Be values increased gradually with time of

incubation. Between treatments it ranged from 0.28 to 0.77

mrnhos/cm, on the 1st day and from 0.49 to 1.15 rnmhos/cm on

the 90th day. The treatments with N sources had higher

values when compared to control. For both limed and unlimed

control, EC increased steadily from the 15th day onwards,

whereas, in the trea~~ents with N sources the increase was
··hnoted from the 5 w day itself. On the first day the highest

value of BC was for the treatment with NCA followed by that

with ammonium sulphate (AS). All the other treatments maintained

sLmilar values. By the 90th day, for NCA the increase was from

0.75 to 1.15 rnmhos/cm and for AS it was from 0.64 to 0.95 mmhos/em.

There was little variation between other N sources on any day of

incubat.ion.



Table 4. Changes in electrical conductivity (Ee) of the soils as
influenced by N sources and liming (in mmhos crn-1 )

Days after incubation
Treatment.s 1 2 5 10 15 2Q 30 45 60 75 90

1. C 0.30 0.30 0.28 0.29 0.30 0.33 0.34 0.42 0.58 0.55 0.65
0

LC 0.31 0.28 0.34 0.34 0.39 0.40 0.38 0.39 0.46 0.55 0.48

L U 0.26 0.28 0.33 0.34 0.41 0.43 0.43 0.38 0.43 0.55 0.73
0

LU 0.36 0.34 0.41 0.40 0.40 0.41 0.39 0.35 0.42 0.50 0.68

1. AS 0.64 0.61 0.63 0.64 0.69 0.68 0.67 0.72 0.85 1.00 0.95
0

LAS 0.65 0.55 0.61 0.61 0.66 0.66 0.68 0.70 0.87 1.00 0.95

1. NCU 0.28 0.28 0.36 0.36 0.37 0.37 0.40 0.38 0.44- 0.65 0.89
0

LNCU 0.29 0.43 0.47 0.45 0.47 0.47 0.42 0.39 0.42 0.50 0.50

LoNCA 0.77 0.72 0.73 0.74 0.80 0.82 0.81 0.77 0.91 1.00 1.15

LNCA 0.72 0.77 0.89 0.79 0.89 0.89 0.88 0.84 0.97 1.05 1.15

LoGCU 0.28 0.26 0.34 0.34 0.40 0.39 0.39 0.36 0.52 0.65 0.73

LGCtJ 0.27 0.44 0.47 0.51 0.55 0.55 0.52 0.55 0.60 0.60 0.75

LoRPU 0.22 0.27 0.34 0.36 0.41 0.42 0.43 0.39 0.48 0.50 0.75

LRPU 0.40 0.39 0.43 0.43 0.42 0.44 0.46 0.43 0.57 0.70 0.70
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Between the limed and unllmed treatments, limed

treatments recorded higher EC values. The difference, was
thnotable upto the 20 day, it narrowed gradually. reaching

similar values from the 60th day.

DiscussioD' There was an increase in EC following submergence

of the soil. for all treatments. This increase in EC might

be due to the release of Fe+2 and Mn+2 following reduction of

insoluble ferric and manganic hydrous oxide, accumulation of

+ - -NH
4

# HC0
3

and RCOO and displacement of cations from soil

colloids by Pe+ 2 and Mn+2• Ponnanperuma, (1976) also reported

an increase in Eh on submerqence. The higher EC values

recorded by NCA and AS, compared to the other N sources was

probably due to the dissociation of ammonium sulphate p~dueing

ammonium and sulphate ions. There was an increased value for

Be in limed treatments compared to unlimed treatments. Liming

rr,i ght have indirectly influenced the EC by increasing the ionic

concentration. Lindng might nave increased the concentration

of hydroxyl ions phosphates, molybdates etc. (Brady, 1974).

Towards the end of the incubation study, the values for limed

and unlimed treatments, were found to be more or less the same.

The expected reason for this is the similarity in ions between

the limed and unlimed treatment.s, with period of submergence.

BXPKimeDt - 4. Studies on the nitrifying organisms of
KarG7padom soil.

Aa it is difficult to isolate the nitrifying orqanisms
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~hey we re Clet.er:m1ned by ~11' _a1: probable numbers (MPN).

The incubaUon .y carriec! oui: for 3 weeks. At t.he end of

the period t:hey were tested for NO'; • N with Griess - Il10.vay

reagent.. It. was found th.~ t.he t.ubes .et. for det.ermining

t1PN of Nltroaononas as vell as that. .et. for Nlt.robacfter gaYe

negative re~lts.

PiIAM'DOPI The t.est. abe. 8et. for det.ermining MPN of

Nlt.rosomonas contained anvnonium ions in the medium. ~i."\d

t.here been sufficient orqanlsms to convert this to nit.rite,

the test would have given po8itive results with Gries5-Illo8vay

reagent. As t.he results wen IMgat!ve it could be concluded

that there vare no aufflcient. organism to oarry out t.his

reaction. Similarly. for det.• .rmlning i'~PN of N1t..robacter:, t.he

medium bad nitrite. Since 'there were no orl:!~nismt'J to eonv~rt.

this nitrit.e to nitrate the testav3 negative result (by

prod.ueing pink colour with Griess - Il10svay r.eag~nt). It

c()uld be assumed that the r,3:te of nitrification in Knrapoadom

soil was either slow or negl1~ible.

&XQI£.i.., • 5. N1t..rofJOD tranSformations in K"\r~":';i;;adom

3011s at sdbRlet-ged moisture regime.

'.L'his study w"s conduct.eel to under~;tan<i the nitrogen

transformation of different N sources a~ affect0d by Itminq

in flo:>ded soil.

As no NO] - N e:)wd be detected till the 30thday,

another set of samples were incubated for s~npling from
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45 th ~o 90~h day.

NH; - N content:- The data are given in 'fable 5 (a) and

5 (b). Few represent~tive ~reatments are illustr2ted in

Fig. 7 and Fig. 8. The analysis of variance is presented

in Appendix. II.

+'The NH4 - oN conten~ increased gradually till the

4th day and then decreased till the 30th day. Similarly,

on the 45th day hlqh values ~lere recorded 'l.lhich decreased

by the 90th day. On an average, liming increased the

+NH4 - N content.

On tbe 1st day after fertiliser application NH; - N

Has maximum for a'TImonium sulphate ~he conten~ 1n all other

treatm~nt3 were on par and least value was recorded by RPU.

Liming did not s1 grdficantly influence the NH: - N conten~.

'i'he effect of interactl~n ".ras significant c:nd maximum value

'":=;'3 t"eport-e::.'~ hy r~E;, which significantly c1(;crc<1sed on lining.

'1'he NH: - N content iT" RP~J e.nd NCU increC:lsed significantly

\-Ti th liming.

+On the 2nd day, the NH. - N content increased in all

sources except AS. l'he max1B\Ul11 content was recorded by NCA

+followed by G<.."U. 'l'here was significant reduction in NH4 - N

content on liming. Interaction of N sources and lime was

significant with h1gh~~st values recorded by unlimed coated

fertilisers (NCA, GCU, RPU). 'I'lle l1llled treatments showed



Table 5 (a). Bffec~of N-sources and lime on the ammoniacal nitrogen conten~

(ppm) of the soil at submerged mo1sture reg1me (1-30 days)

'l'rea~ l,t. day . 2nd daY 4J:h day 5t.h slay
"ntS source ua1imed .1med iQurC6 unl 1me4 IJ.me4 !!QUrce unl 1Jped 11Md sou'es Wl••med lilled

Urea 58.15 48.82 67.48 69.63 71.79 67.48 83.99 B3.ZS 84.71 73.94 83.27 64.61
AS 83.28 89.02 77.54 78.94- 74.60 83.28 85.43 74.66 96.20 65.33 6~.O5 64.61
IfCU 56.00 40.21 11.79 7~.51 71.79 73.23 90.45 87.58 93.32 60.30 53.12 67.48

SeA. 63.17 70.36 55.99 83.28 90.45 715.10 83.28 86.15 00.41 75.38 78.97 71.79
GCU 54.56 58.87 50.22 82.20 86.87 77.53 86.14 83.27 89.(;2 60.30 53.13 67.48

RPU 52.43 41.64 63.23 15.38 78.97 11.79 84.11 77.54 91.89 85.87 97.63 74.12

Mean (58.15)(64.38) (79.08)(74.90) (82.08)(89.30) (72.03) (68.35)

'p' CD(5") SBm,1 ,!'. CD(S") sam... 'F' CD(S%) Be..±. 'F' CD(S%) SEmi'- -!;tst. 'test 'S,s1; lcst
Source S1g** 12.68 4.17 S1q*· 5.51 1.82 _S - 3.38 S1g** to.50 ~.45

11ae 118 - 2.4 o31g* 3.18 1.05 8ig· 5.99 1.97 NS - 1.99

Inter-
aC'tion S1g*· 17.93 5.82 81q** 7."'9 2.53 NS - 4.76 51g** 14.85 4.82

AS • Ammonium sulphate

GCU I Gypsum coated urea

NCU I

RPU I

Neem coated Urea NCA I

Rock phosphate coated urea.

Neem coated ammonium sUlphflte

Contd••••••



Table Sea) (Cont;d••• )

9~du 11th day 16th day 23r4 day 30th day
Source un- limed Source un- limed Source un- limed Source un- limed Source un- limed

liMd limeq limed limed limld

61.49 54.06 68.92 70.57 71.79 69. 3~' 72.51 77.S3 67.48 64.25 68.92 !'".9.58 68.0~:> 68.77 67.33
68.20 74.66 61.74 50.97 63.89 38.04 51.59 64.61 38.77 61.7. 68.92 54.56 51.69 73.08 30.71
62.10 56.72 67.48 61.36 59.58 63.17 55.99 40.20 71.79 ~)3 .84 50.25 57.43 55.84 69.77 42.92
64.61 70.35 58.87 68.35 67.48 69.22 54.59 41.54 67.S5 55.19 ,18.64 51.74 57.28 48.66 65.90
58.30 51.99 64.61 51.68 40.20 63.17 54.20 54.56 53.S'} 66.76 64.61 58.92 62.41 53.18 71.64
80.05 67.48 92.61 78.74 74.22 33.2.8 63.89 53.12 74.66 71.07 76.10 56.05 68.76 64.46 73.07

(62.54)(69.04) (62.86) (;4.37) tiS. 28)162.35) t52.90) ~1. 38> (62.82)(58.59)

'F'test CD(S%) SBm+ 'F'test CD(S%) SEm+ 'F'test CD(5%) SEm::!: 'P't:est: CD (5%) SEm+ 'F'test CD(S%)SBm+- - - -
NS - 4.22 5ig·· 10.39 3.41 NS - 7.37 NS - 7.5 Sig·* 10.79 3.54
NS - 2.43 NS - 1.64 NS 4.25 RS 4.32 NS - 2.05
NS - 6.68 Si9:~* 14.69 4.76 NS 10.29 NS - 10.46 S1g** 15.27 4.95



Table 5 (b). Effect of N-sources and lime on the ammoniacal nitrogen
content of the solI at submerged moisture regime (45 ~o 90 days)

45th day 60th day 90th day
Treatments Source unl1med li...d Source unl1med 11JMd source unlimed limed

Urea 76.81 77.53 76.10 71.54 74.66 68.41 68.38 73.22 63.53
AS 82.18 74.62 89.74 66.74 69.41 64.08 60.66 66.77 54.56
RCtJ 83.63 83.99 83.28 62.81 58.14 67.48 56.70 48.79 64.61
NCA 83.28 88.30 78.25 64.66 69.78 59.53 55.25 45.85 64.64
GCU 84.17 85.07 83.28 58.43 47.43 69.44 60.73 59.59 61.88
RPU 80.04 78.25 81.84 74.67 70.37 78.97 67.48 64.61 70.38
Mean (81.30) (82.08) (64.97) (67.99) (59.81) (63.26)

'F'test CD(S'" S&Ia.±. 'F'test CD (5%) SIm± ''''test CD(S%) SBm+-
Source NS 4.8 5ig** 8.48 2.78 NS - 3.77

Lime NS - 2.78 NS 1.26 NS 2.18
Interaction N5 6.74 5ig** 9.47 3.07 NS 5.27
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almost the same value ranging from 67.48 t.o 83.28 ppm

irrespective of the source.

On the 4th d~y also, the content increased, with the

high~st v'C';!ne 0011'\9 for NetT closely followed by GCU. All

the tr€C'1tmf:nt:~ 'h'~re on par. Effect of liming was significant

in incre':lsillr.; NP.: .... N content. h'hereas, the effect of

ir!tera.ction ,,,as sta'tist.ically insignificant.

On the S'th day, the effect of N sources and inter

action were signj,fic.,:mt. However, the effect of lime was

inslgnifl~ant. RPU recorded the ~ax1mum content followed

by NCA. NCU and GCU gave the lowest values. Urea, AS, NCA

\-Jere on par. RPU without lime recorded high values but for

+GCU liming increased the content of NH. - N.

Or, the 9th day neithee t.he effect r;>f N sourCt~S, liming

or inter':lct.!on W21::1 sigrd fics.nt.. RPU recorded the highest

The NH: - N content on the 11th
day was significantly

influenced oy the N sources and interaction. Treatments with

RPU, NC~" and Urea were on par and those with AS, NGU, and GCU

+were 0 n par. In cOmbination w1th lime, the NH. - N content

decreased for AS. whereas, for RPU the content increased.

Though RPU ma1nt~ined high values on the 16th and 23rd

+day, there was no signjficant influence on the NH4 - N

content by t.he N sources, lime or interaction.
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The effect of N sources and interaction of N souroes

and lime were significant on the 30th day. RPU and Urea were

on par but. superior to all other sources. Liming increased
+the NH
4

- N content for RPU. GCU and NCA. Lowest value was

recorded by AS in combination with lime.

°th thOn the 45 and 90 day nei~her the effect of N

sources. lime t)r interaction was significant. On the 60th

day effect of N sources and interaction significantly

influenced the NH; - N content. RPU and Urea gave higher

values '1;Then com!?ared with the other sources. In general.

+liming increased NH4 - N content on all day~.

NO; - N content:- Nttrate nitrogen \.JdS detected only from

the 45th day. The data are presented in Table 6 and analysis

of variance given. in Appendix III.

W:'.th l1me, thF! NO- - N cl")nt:'!nt incrnased 'till the 60th
3

day and ther~after it decrensed. Thf! nitrogp.n sources had

significant effect on the content of NO; - N on the 45th day.

with maximum valv.es being for RPU followed by NCU. All the

other source tiers on par. On the 60th da.y urea recorded the

highest value followed by AS which were significantly higher

th.::n NC.&<l., GCU and R':':>U. On the 90th day, effect of sources

were insignificant.

E:£fect of lime ''''CiS insignificant on all days. On the

whole. liming reduced the concentration on the 60t.h and 90th



Table 6. Effect of N-sources and lime on the nitrate nitrogen (ppm) of
the soil at submerged moisture regime.

45'th day 60th dar 90th day

Treatment SOurce un11lned 11..d sourae un11Jfted limed source unlimed limed

Urea 1.99 2.00 1.98 5.13 5.09 5.17 3.03 3.34 2.12
AS 2.03 2.31 1.74 4.82 5.09 4.55 3.47 3.93 3.02
NCU 2.55 2.33 2.78 4.72 4.96 4.46 3.07 2.77 3.37
NCA 1.82 1.77 1.87 3.70 3.20 4.20 3.30 2.73 3.86
GCU 2.24 2.06 2.43 4.26 5.45 3.08 3.55 3.88 3.23
RPU 2.86 2.45 3.26 4.45 4.40 4.50 3.68 3.73 3.64
Mean '2.15) (2.35) (4.7) (4.3) (3.39) (3.30)

'F'test CDf5%) SEm+ 'F'te~t CD(5%) SEnt.±. 'P'test CD (S%) SEm+- -
Source 31g* 0.60 0.19 519* 0.76 0.25 l.JS - 0.34
Lime NS 0.11 NS - 0.14 NS - 0.19

Interaction NS - 0.27 51g* 1.08 0.35 NS - 0.48
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day, however, there was an increase in value on the .5th

day.

Interaation of N source. with lime affected NO; - N

content significantly only on the 60th day. There was an

increase in content for urea, NCA, and RPU. The reverse was

noticed for AS, GCU and NCU.

Disgussiona On the first day ammoniacal nitrogen content was

found to be maximWll in AS treatment. The high value recorded

could be due to the NH: ions released from (NH4)2S04- It. was

also noted t.hat this high content was not. recorded in NCA,

probably because of t.he coating of neem, wnich might. have

retarded the dissociation of (NH4)2S04. Contrary to t.he

normal rate of urea hydrolysis being completed within 2 to 3
...

days, it was observed that max:Lmum NH... - N content was on the

4th day for urea treatment. Hence it may be likely that urea

hydrolysis takes place slowly in this soil.

For the neem coated mat.erials also m~ximlun NH: - N

content was noted within 3 to 5 days and thereafter it

decreased. The decreuse W3S similar to that for the corres-

ponding uncoated fertilizer. For GCU a1:30 the a..-nmoniacal

nitrogen content was found t~ follow the same trend ~s for

urea, in the initial period. It might ~ due tache easy

dissolut.ion of the gypsum coating which exposes urea and

hence GCU might have behaved similar to th<lt of urea. Whereas,

1n the case of RPU there was a gradual increase in NH: - N
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from t.he 2nd to 9th day. This might. be because of t.he

compartively less soluble coat.ing of rock-phosphate over

urea which might have result.ed in a progressive release of

nitrogen and subsequent. hydrolysis. HeIlce, t.here was no sharp

increase as in the ease of AS.

From the 5t.h doy onwards. i t '.~·as observed that the

Nh: - N con.t.ent ctecre;:;3(::d. fer' c=.ll N SOUt'CEl. e~ept for RPU.

High concentration of ammonium accumulation within tha first.

3 days would have result~d in an increased content of NH
3

(aqueous) concentration 1n the soil solution which YNuld have

been lost through NH3 volatili2acicn. The rate of nitrifi

cation was less, a.s ind1C2ted hy very low to negligible quantities

of nitr8te nitrogen during the period of study. l.'t 'i}dS also

revealed by the rriorobial studies. Fence, N loss through

the ~J losses probably b"~Cn\.lse the r;\te of r~l~~~e of urea was

comparitively slower.

Between the unIt.ed and limed treatments, higher

NU: - N was maintained by un11med treatments. For limed AS

+there wu~ a decrea2e in content of NH4 - N compa=ed to unli.ed

A;:; (Fig. 7). This difference could be attributed to the

higher pH values noted in limed ri.;;;. rtihich \'1ould have resulted

in drastic losses of NH) from the system. In the case of

unllmed RPU an alternate increase and decrease in NH: - N
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con~en~ was noticed. I~ could be due to the periodic

release of n1~rogen. However. for lil'fted. RPU this pattern

was noticed only ~11 the 10~h day, ~hereafter there was a

gradual decrease in ~he con~en~. This indica~ed tha~ liming

affected the release of nitrogen from RPU. The reasons for

this however, could not be explained.

E?!p!G!M!nt - ~. Nitrogen transformation in Kar-3ppadom
soils at non-submerged moisture regime.

~his study was conducted to understand the nitrogen

transfoonation of different N sources. taking place at 70

per cent of field moisture capacity and the effect of lime

on these transfonuation. ~ince. no NO; - N could be detected

till 21st day, a separate set was incubated for sampling

from 30th to 90
th day.

The data ~re 'Presented in T~ble 7 (~) :ind 7 (b) and

few represantat1ve treatment~ are illustrated 5n riq. 9 and

10. The analysis of variance is given in Appendix IV.

NH+ - N contentl The NH: - N content incre~sed pro~ressively
_4 .---._

reaching, maximum values by 14th day and then decreased by

21st day in all the N sources, except for NC~, where maximum

value was noticed on the 7~h day itself.

N SOW;C§SI- There Has significant difference bet.ween sources

on all the sampling days. On the first day highest value was

for AS (70.89 ppm). Urea recorded the least value (21.53 ppm)



Table 7 (a). Effect ~f N-sources and. lime on the ammoniacal nitrogen
content (ppm) of the soil at 70 percent of field.
moisture capacity (l to 21 days)

1st daY 7th day 14th gay ,1st day
Treat- SOurce unlimed limed source un1imed limed. source unllmed limed source unlimed limed
ment

Urea 21.53 17.67 25.39 75.81 76.47 7S.16 92.33 93.55 91.12 85.16 83.88 86.48
AS 70.89 65.33 76.44 92.89 91.65 94.10 93.15 95.31 90.99 88.80 90.54 87.07
NCU 37.91 23.51 52.31 66.25 63.02 69.48 82.33 92.17 72.50 73.61 85.55 61.68
NCA 49.34 57.17 41.50 88.39 95.82 80.97 83.05 90.05 76.05 75.74 83.15 68.34.., 49.01 58.28 39.73 74.97 79.59 70.34 89.61 89.68 89.55 82.20 87.77 76.63
RPU 42.99 36.75 49.22 86.54 79.26 93.83 97.24 97.16 97.33 96.06 94.37 97.75
Mean (43.12)(47.44) (80.97)(80.65) (92.98)(86.26) (87.54) (79.65)

'F'test CD(5%) Sl!:m+ 'F'test CD(5%) SEtn.± 'F'test CD(S%) SEan+ 'F'test CD(S") SEn\+- - -
Source 5ig** 6.00 1.98 51g** 6.52 2.14 5ig** 3.01 0.99 8ig** 3.01 0.99

Lime 51g* 3.46 1.13 NS 1.23 S1g** 1.73 0.57 Sig** 1.72 0.56

Inter-
action 5ig** 8.49 2.75 5ig** 9.22 2.99 51g** 4.26 1.38 5ig** 4.25 1.38



Table 7 (b). Effect of N-sources and lime on the ammoniacal nitrogen
content (pptn) of the soj.l. at 70 percent of field
moisture capacity (30 to 90 days)

Treat- 30th dAY
ments sou~ee unl1med limed

45th dAY
source unllmed limed

60th daY 90th day

source unlimed limid source unlimed limed

Urea 80.68 79.68 61.68 72.46 76.87 68.05 89.00 89.88 88.13 83.54 81.64 85.44
AS 87.53 89.77 94.93 89.68 87.79 91.57 90.13 90.69 89.57 87.00 91.01 82.91
NCU 69.77 81.08 58.47 64.42 65.71 63.13 70.56 74.54 66.58 76.75 81.20 72.30

NCA 71.72 82.CJ6 61.38 83.93 91.84 76.02 84.29 91.91 76.57 76.93 82.15 71.72

GCU 73.09 77.27 68.92 74.56 81.41 67.72 76.55 83.18 67.92 82.20 81.34 93.06

RPU 89.64 87.12 92.17 82.45 74.52 90.38 80.38 76.07 84.69 87.99 91.33 84.6S

Mean (82.83)(71.25) (79.69)(76.15) (84.38)(78.93) 684.79) (80.02)

,.,'test CD(5%) 5Entt •P'test CD(S%) SIi.m+ 'F'test CO(S",) SEm+ 'p'test CD(S%) SEm+- - -
Source 5ig** 6.14 2.62 5ig'iUI' 5.14 1.69 Sig** 4.22 1.38 5ig** 5.89 1.94

Lime 51g** 3.54 1.16 51g* 2.96 0.97 51g** 2.44 0.80 51g* 3.40 1.12

Inter-
action 51g** 8.69 2.82 51g** 7.27 2.36 51g** 5.97 1.93 NS 8.34 2.70
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NCU and RPU were on par and NCA and GCU were on par. On the

7 th day, maximum content was recorded by AS (92.89 ppm)

followed by NCA and RPU. NCU gave the lowest value. Urea

+and GCU were on par. Highest content of NH
4

- N was for RPU

on the 14th day, followed by AS, twhlch were on par. Lowest

was for ....\,;.U. Urea and. GCU ,"'Jere on par. On the 21s·t day also

RPTJ recordE.."'<1 the maxirlUlfi cvnt.c:1t \96.06 ppm) f(>llowed by AS.

Urea, NC.';' and NCU lreT.(:! on par.

+L1mil)5ip- Liming had signifioant effect on the ilH4 - N content

on all days except on the 7th
day. 14.mi.ng reduced the content

~'.l:.

on all days of Jampling except on tht1 1';:> day.

Intsrsagti2D'- 'l'he effect of interaction of N sourc:es and 11me

was statistically significant on all 4 days of sampling. The

addit10n of lime reduced the content for GCU and NCA on the

1st day. Whereas, it increased the content in all other

treatments. On the 7th day AS with lime recorded maximum

value of 94.1 ppm. The increase in content in limed RPU was

significant, whereas on the 11th day the content for all the

sources in c:>mbination with lime decreased. 'rhe r'3duction

being significant for NC\ and NCO. On the 21st day, lowest

value was recorded by limed NCO and highest by limed R~U.

As on the previous dates of s?Jnplf.ng there was

significant effect of N sources on all the sampling days. On
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the 30th day treatment.s wit.h RPU recorded t.he highest. content.

followed by AS which were on par. They were significant.ly

superior to all other sources. NCO, NCA and GCU were on par.

On the 45th day maximum content. was for AS followed by NCA

and RPU which were on par and t.he least for NCO (64.42 ppRl).

On the 60th day maximum value was recorded by AS which was

on par with ure2. P.PU and NCA. recorded significantly higher

·NH+ H t t th d G"""'l' ,.., ,f,.1-. C1"th c~· ' "h -&.4 - 'Ii con en' _~ln Ul~ea3.n ...v. ./n ",de:;lV :J.c:lY :1:1.J .es ...

vC'tue "ras for PPU fo 11c-we(l by AS. GCU ~lnd u rea ~!'rlfc~ T,.!ere on

r,r r-ut 'S1;n1. f1cant.ly ,sll:fcrior to NCU and NC,".•

~m1Dgl- The effect of Liming was significant on all days.

Liming reduced the NH: - N content on all days.

Inter~~ion:- The effect of interaction wa~ significant.

on the 30 ttl day. RPU with lime recorded the maximum Nri: - N

content ana !\:CV in combination with lime, had the least. value.

thun the 4S ' day also RPU with lime had a high value. On the
~ +60 day when all treatments with lime gave lower NH4 - N

+content, RPG with limE 02ve a higher concentration of NH4 - N.

On the 90th day effect of interaction was not significant.

N0i - N:- The data pertair.lng to this are f,"r,:,sf'nted in Tabl.

a and the analysis of vp-r1anee in Appendix V.

l'he NO- - N content increvsed from 30th to 60th day3

and decreased from 60th to the 90th C?.y. lJO\':est v3.1ue was

for urea on ell days. On the 30t.h Jay, the ~-ffect of sources



Table 8. Effect of N-sources and lime on the nitrate n1trogen content (ppm)
of the s01l at 70 percent field mo1sture sapacity.

Treat.- ~Q" ~ay 45th day 60th day 90th day
men~ Source unlimed limed source unlimed limed source unlimed limed source unlimed limed

Urea 1.64 1.80 1.49 3.56 3.09 4.03 5.21 5.08 5.34 4.35 4.97 3.74

AS 2.30 2.49 2.11 4.98 4.90 5.07 6.25 5.84 6.66 4.58 4.64 4.52

NCO 2.63 2.12 3.13 4.08 4.59 3.57 6.19 6.06 6.32 4.95 5.76 4.14

NCA 2.13 2.00 2.26 3.78 3.65 3.91 5.56 5.54 5.57 4.72 4.32 5.1?

GCU 2.21 2.00 2.41 4.65 4.32 4.98 6.06 0.63 5.49 5.33 5.84 4.82

RPU 2.34 3.02 1.66 4.44 5.23 3.65 5.35 5.16 5.54 4.58 4.99 4.19

Mean (2.24) (2.18) (4.30) (4.20) (5.10) (5.80) (5.09) (4.42)

-
')"test CD(5%) SEm+ 'F'tef-;t CD(5%) SEm+ IF'test CD(5%) Sem+ 'P'test CD(5%) SEm±- - -

Source Sig** 0.35 0.11 NS 0.33 NS 0.33 NS 0.29

Lim. NS 0.06 NS - 0.19 NS 0.19 81g* 0.48 0.16

Inter-
action 51g** 0.503 0.16 NS - 0.46 NS - 0.46 NS - 0.39
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and interac1:ion was sign1f1CaD~ but the effect of liming was

i!'ls1gn1ficant. The highest content was recorded by NCU

followed by RPU, which were on par. AS and GCU were on par.

NCO with lime followed by RPU with lime recorded maximum

NO~ - N. The effect of N sources was not significant on
th th th ththe 45 , 60 and 90 day. On the 90 day liming reduced

NO~ - N content, exce~t, for NCA, where in the content

increased significantly.

DisID1SpioI!'- Just 35 in tho ease of submerged lT101sture

r.~gim~, Zit 70 ~er cent ()f fi.eld moir>ture cApacity a.lso, it

of
was noted that the NH4 - N content for AS was higher, but

for NCA it v.ias less by 20 ppm. '1'his could be a.ttribllted to

the dissociation of (NH4)2S04 producing NH: 10ns. The neem

coating in NCA m1ght have prevented this dissociation to a

certain extent and so the content was lower for NCA.

For :"ill the tu-e,:, sources both coated .3nd uncoated,

it. \\'as found that maximum value ~.·!as obtcoined only on 1:he

14th day of incubation, which clearly indicated that rate of

hydrolysis was much slower compared to that under s~neiged

condition. In the mlbmerged so11, there was a shi'::rp decline

in NH: - N content after the 4th day (e,(cept for HPL) which

indict:tec a faster rate of urea hydrolysis in subrnerged 5011

than in fin aerated soll. However, this 18 in ccntntry to 1:he

was slover under suh'"erged cCJ!".di tions. :iG'rF 180, RI'U



58

+maintained a higher NH
4

- N content which showed that the

release of N is much slower.

Prom the 30th day. ~he NH: - N content was maintained

between 70 to 90 ppm; which indicates that the rate of

nitrification was inherently low. This was confirMed in the
+subnergence and microbial studies also. The NH4 - N content

for all N sources was higher on all days of incubation when
J_

compared to that of submerged soil. ',the 1~H4 - N released

might have gone ~nto soil solution, in the case of submerged

soil and lost by volatilisation, whereas at 10 per cent of

field moisture capacity, it would have been adsorbect on to the

clay com;lex.

Ammonium sulphate maintained a higher c()ntent than that

of Ul'ea indicating that it was bet'ter thantlrea. Coated

fertilisers were not superior in retaining NH: N content

compared to uncoated fertilisers, as there was not much

variation in the content of NH: - N on any day of incubation.

POT CJU~URE EXPERIMB~'

A. EW'\N'l' •

Gro\rth paramete;;~

i) Plant h,ightl The data on height of the plant are given

in Table 9. The analysis of variance is given in Appendix VI.

The height of the plant during panicle initiation



Table 9. Height of the rice plant at various growth stages as
influenced by N-sources and liming (in em)

Growth Ete.ges Paniole initiation Flowering Harvest
Treatments Source unlimed limed souree unliaed i1aled source unllmed limed

Control 38.3 41.0 35.7 54.3 62.1 46.5 61.7 64.0 59.5

Urea 42.6 42.5 42.7 67.1 67.3 67.0 69.0 70.5 67.5

AS 45.2 40.5 50.0 66.5 62.1 70.8 67.4 63.4 71.C

NCU 43.5 41.5 42.5 61.0 56.9 65.2 67.2 64.5 70.0

NCA 42.2 42.b 42.5 59.2 59.4 59.1 6C.7 66.0 63.5

GCU 44.7 43.0 46.5 68.7 68.5 68•• 10.1 68.6 71.5

RPU 52•. 1 51.5 53.5 75.2 13.5 71.0 76.4 74.5 78.4

Mean (43.1) (45.2) (64.2)(64.9) (67.3) (68.8)

:~~.'

'P'teRt CD(5%) SErn.! ti"test CD(S") SBiI± ''''test CD(5~) SEm+-
Source 5ig** 6.16 2.03 Sig* 10.40 3.43 Sig** 6.33 2.08

Lime NS - 1.08 NS - 1.76 NS - 1.02

Interaction NS - 2.87 as - 4.84 NS 2.95
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flowering and harves~ was significantly influenced by the

different sources of nitrogen. Effect of liming and

interaction of lime with sources did not significantly

influence the height at any of these stages.

At all the stages. RPU recorded the maximum height

dud control the least. At flowering and h~rvest G~J closely

followed RPU. Among the N sources, NCA recorded the least

height. All the other sources were on par.

i 1.) Number of till'3r:"3~''!r.plant:

ti lIars '1r'9 -:ro:>sented in Table 10 and Fi-~. 11 ..Zl...r:pen,-lix VII

gives its analysis of variance•

.i.'he number of tiller was affect.ad significantly by

the different sources at the PI stage. NCA recorded the

m~xtmttm number of tillers followed by GCU and RPU, which were

on par. Control gave the lowest value. Though not statisti

cally significant the Game trend ,...a~ observec durinq

flowering and harvest. On the whole, tiller production was

~ore in coated fertilizer treated pots at nIl st~ges, both

under limed and unlimed condition.

Liming reduced the number of tillers at PI stage,

however. the effect was not significant at any other stage.

The effect of interaction of N-source and l~e was also

statistically insignificant.



Tabl. to. Mean number of ~il1er"'?laD~ at. variouG 9~h stages of rice
plant 8S influence" by ~sOQrc.s ,'\nd limlng_

~nwt.h .t-aSl!~

Treatments soure. uftlimed limed eource un11med limed

•
•

souroe unllmed limed

ConUOl
Urea
AS

MCU
MCA

GQS

IU>U

Mean

5• .25

5.75
7.SO
7.50
8.25

8.00

1.15

s.so
6.00

1.SO
8.00

8.50

7.S0

9.00

(1.43)

5.00
S.SO
7.50
7.00
8.00

e.so
6.50

(6.85)

5.25
1.00
6.15
7.75
a.ooa.,s
9.00

5.00
6.50
6.50

7.00
7.50

9.S0

9.00
(7.14)

5.50
5.50
1.00
a.50
8.50

9.00

9.00

(7.57)

5.75

8.GO
8.25

9.25

9.SO
&.'75
9.S0

6.50

e.oo
7.SO
6.S0

10.S0
8.50,

9.50
(8.14)

5.00
8.00

t.GO
12.00
8.50
<).00

9.50
(8.71)

• • E • e

--
--

as

'P't.at CD{S~) s~

0.84

0.45

1.19-
--

0.49

0.26

0.70

______..._.__r_

SOurce
Li_

1nt.er8~lon
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There was a gradual increase .1n 'the number of

tillers from PI to harve.t.

iii) Mlat ,re, 10dll' The data on LAI are presented in

Table 11 and ita analysis of variance in Appendix VIII.

It is graphically represent;ed in Fig. 12 <a) and (b).

The LA! was significantly affected by the different;

N-sources at PI, flowering and harvest. It was not signi

ficantly ~ffected by liming or N-source and lime interact;ion.

The LA! increased from MT to flowering but decreased from

flowerinq to harvest.

Bet~~en the different source~. maximl~ LA! ~s for

coated fertilizers, nuring all the stages, it being highest

for qCU during MT and PI stages followed by NeU. D~ring

floHer.ing and harvest the mClximum L2\I W2S recorded by RPU

follo\~ by NCU ~nd GCU. During both the stages they were

signi fic.,ntly sUI;:,erior to control.

Liming reduced LP.I at all stages, hi;hdL v6.luas of

LAI were obtained for N sources without lime. During harvest,

maximum value was for unlimed RPU.

!Y.) Bry mat~~[ accumulation' The data pertaining to dry

matter accumulation are presented in 'l'able 12 and Fig. 13 (a)

and (b). The analysis of variance is given in Appenj1x IX.

The dry matter accumulation was sigruficantly influenced

by r.I.-sources during the PI stage and harvest.. Bffec~ of lime



Tabl. 11. Leaf area index (LAI) at various growth stages of rice plant.
as influenced by __sourc3s ;:md liming.

Growth Maximum t.illering Panicle initiation Flo\oIerinq Harvest
St.aats
Treat source unlimed limed source unlimed limed source unl1med limed sourc~~ unl1med limed
mlRt, -
Cont.rol 0.42 0.48 0.37 1.47 1.24 1.70 1.58 1.52 1.64 1.36 1.24 1.49

Urea 0.48 0.70 0.26 1.80 1.70 1.90 2.50 2.52 2.48 1.96 2.17 1.75
AS 0.45 0.53 0.36 0.96 1.21 0.65 3.21 3.56 2.87 2.56 2.92 2.19
NCU 0.60 0.56 0.63 1.97 2.11 1.77 3.27 3.60 2.94 2.71 2.96 2.4'
MCA 0.52 0.46 (1.58 1.73 2.18 1.27 2.83 3.02 2.64 2.08 2.08 2.08

GCU 0.57 0.46 0.68 2.47 2.58 2.37 3.24 2.9. 3.51 2.59 2.42 2.77

RPU 0.30 0.44 0.15 1.68 1.79 1.57 3.39 3.63 3.14 2.84 3.24 2.44

M.an (0.52)(0.43) (1.84) (1.60) (2.ge) (2.74) (2.43) (2.17)

'F'test CD(5%) ;~F!t'!. '''' "I'est CD(S%) SEm.±. 'F'test ''''D(l.ol) ~::EIni t:-' i;.es t. CD (:iA:) 33m+......, ,.> j'.J -____
Source NS 0.08 5ig** 0.66 0.21 Sig** 0.83 0.27 3ig** 0.56 O.H!

lime NS - 0.01 NS - 0.12 iiS 0.12 NS 0.10

interact.ion NS 0.12 NS 0.30 N~ 0.39 NS 0.26

0")

w
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1.99 0.65 j

0.35 j

2.82 0.93 j

j

j

~
j

Harye,t.

7.45

9.'>5

Sig**

Slg**
NS

11.58

12.83

14.23

12.59

13.94

source llnllmed l1med

SEm+-

-
-

10.72 12.39

14.46 19.76

16.57 15.05

25.58 16.51

18.95 17.09

17.74 23.89

19.59 16.60

(17.66)(17.32)

NS

NS

NS

'p' CD(5%)
test

15.82

~12wering

21.04

1l:~.02

::>.0.81

18.09

11.55

17.11

source un11med limed

6.61

8.00

7.96

7.15

10.05

7.56
(7.62)

7.23

7.87

7.54

8.33

7.87

9.09

7.30

(7.89)

NS - 0.54

819*- 1.16 0.38

NS - 0.20

6.92

7.93

6.76

8.l5

7.51

9.51

7.43

'p'
test

PAnicle initiation

source unlimed limed

0.09

Dry matter accumulation at various growth stages of rice
plant as influenced by N-sources and liming (in 9 plant-)

- 0.06

- 0.03

2.90 2.56
2.81 2.55

2.99 2.62

2.89 2.15

3.11 2.69

2.96 3.16

2.81 2.78

(2.91) (2.73)

2.68

2.68

2.80

2.82

2.90

3.06

2.79

source unlimed limed

Table 12.

Growth
st.age.
Treat
ments

Coatrol
Urea.

AS

lieu
MCA

GCtJ

RPU

Mean

Sow:oe NS

llnte NS

interact.1-
on NS

j

j
8.94 5.96 j
9.07 10.04 I

10.0? 13.15 I
11.80 13.86 j
15.32 13.15 j
12.14 13.05 j
16.40 11.40

(11.95) (11.45) j

--------------------------j
CD(5'!~) SEmt, j

-j
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was no~ s~ati8tically signif1can~ at any of the staqes.

Interaction ~f N-sources and lime was statistically signi

ficant only during harvest. The dry matter accumulation

increased from PI to flowering, bU~ decreased from flowering

to harvest.

Comparing between the different N-sources it was found

that coated fertilizers gave maximum values compared to urea,

a~onlum-sulphate as well ns control. During PI stage, GCU

vIaS significantly superior to all other sources. During

harvest NCA recorded the maximum value but wa~ on par with

RPU, GCU and NCU.

In the case of interaction, unlt.ed RPU gave the

highest dry matter followed by unli.ed NCA. Unlimed RPU

was significantly superior to all the sources in COmbination

w-i-th lime.

Yield parameter~.

i) NYffiRer 0& panicles per p~antl The data on number of

panicles are given in Table 13 and Fig. 14. The analysis of

v"'lricnce 1s given the Appendix x.

The different sources of nitrogen had significant

influence on the number of panicles. The highest value was

noted for NCA followed by RPU which were on par, but,

significantly superior to control, urea and ammonium sulphate.

In general coated fertilizers gave a higher count of panicles.

Th. effect of liadng aDd iateraction of N sourc•• with

11m. were insignificant.



Table 13. Mean number of panicles/plant and spiltelets/panicle of rice
as influenced by N-sources and liming.

Mean t!WIlb!:r 2 f p§.nicles/plant --- Mean nYfitber of spike.}.ec§!p§.n1cl'
Treatments S2Y£Ce unJ,lmeq. 11. Treatrnsmss. sQur~ unlime<i limed

Control 2.87 2.87 2.87 Control 31.58 33.95 29.22

Urea 2.94 3.00 2.57 Urea 53~&5 48.08 59.62

AS 3.18 3.12 3.?5 AS 40.43 43.94- 36.92

NCU 3.31 3.25 3.37 Nell 45.51 5".30 38.71
NCA ?50 3.37 3.62 NCA 49.54 4-B.75 50.33

GCU 2.94 2.87 3.00 GCU 45.18 51.95 40.41

RPU 3.31 3.25 3.37 R?U 49.55 41.29 55.82

Mean (3.10) (3.19) Mean (45.75) (44.43)

'F' CD(S") SEm+ 'F' CD(S%) SF.m+- -test. test-
Source Sig· 0.35 0.11 Source N(~ 5.l9.>

l1me i-lS 0.06 lime ",\;~ ~.j7

interacticll1 N~ 0.16 j.nteraction .;\;.) .~ • 33
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ii) Number of spikelet, per p§Q1cl!1 The data on number of

spikelets are pres~nted in Table 13 and its analysis of

variance given in AppenSix X.

Neither liming nor N sources nor the interaction of

sources and lime was found to influence the spikelet number

significantly.

Grain Yield. §t.raw yi~ld and harvest index:- 'l'he ddta on

grein yield, straw yield and h8rve~t index are given in

'I'able 14. 'l'he analysis of variance is presented in

Appendix XI. Grain and straw yield are graphically presented

in .Fig. 15.

The different sources of nitrogen had significant

effect on the grain yield. The lowest yield was from the

control, and highest from NCA. In general, coated fertilizers

were found to give higher yields than urea and ammonium

sUlphat.e. Coated. fertilisers NeA, NCU, Gal and RPU were on

par. RPU and NCA were significantly superior to urea and

control. Interaction of lime and sources of nitrogen signi

ficantly affected the grain yield. Maximum yield was recorded

by unlimed RPU which was on par with unllmed NCA and GCU.

'rhere was significant yield reduction when RFtJ wa.s combii1ed

with lime.

Regarding the effect of nitrogen sources on straw

yield, the same trend as that for grain yield was noticed.

Among the sources NCA recorded maximum straw yield, followed



Table 14. Grain and straw yield (g POt-1) and harvest index as
influenced by N-sources and liming.

Grain yield straw yield harvest index

Treatments source unlimed limed source unlimed limed source un11Jlled limed

Control 13.24 14.98 11.50 16.57 ~0.80 12.35 u.45 0.41 0.48

Urea 18.06 17.95 18.17 20.17 18.35 22.00 0.47 0.49 0.45
AS 19.62 18.12 21.12 23.40 21.22 25.57 0.45 0.46 0.44
NCU 21.11 19.62 22.60 27.73 28.62 26.85 0.43 0.40 0.45

NCA 23.47 24.60 22.35 33.47 36.70 30.25 0.41 0.40 0.43

GCU 22.47 23.10 21.50 24.90 25.10 24.70 0.47 0.48 0.43

RPU 23.28 29.07 17.50 32.4d 36.55 28.42 0.41 0.44 0.46

Mean (21.11)(19.25) '.26.76) (24.30) (0.44) (0.44)

'Jl'test CD(S%) SEm+ 'F'test CO(S%) s~ '!"test CD(S%) SEm+- -_..,-,.....-..----- ~,.__.-............_~- ._, ----~.,."'~-,-~
Source ;;ig** 4.27 1.40 .:iig"'· 6.3 '/;.u7 t\i':") - '').018

lime NS 0.75 !'lS 1.11 NS 0.009

interaction 51g** 6.04 1.99 NS 2.94 NS - 0.02

0')

00
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by RPU, which was significantly 8uperior to control urea and

ammonium sulphate. Straw yield was also higher for coated

fertilizers as ...n the case of grain yield. Lime reduced the

straw yield though it was not statistically significant.

Interaction of N sources and lime was also statistically

insignificant. Unlimed NCA and RPU recorded highest values

and the yield reduced when in combination with lime, in

both the cas~s.

Neither did the different N sources, liming nor the

interaction of sources and lime significantly influence the

harvest index.

N,F, and K C9utenti in. r1.c~:gl,s""t_Cl!i inf~\1~!\,!ed by N squrces

anq liming at various growth stages.

N content: The data are present.ed in Table 15. Thr:,

an~lysir: of variance is given in Appendix XII. Figure 16

presents the N content of a few representative tredtments.

The different sources of nitrogen, liming or interaction of

N sources and lime did not have any significant effect on the

nitrogen content either at MT, PI or flowering stages.

However, the effect of sources had significant influence on

the nitroqen content of the grain. The maximum value Has

recorded by RPU followed by GCU Nhlch were an par. trhey were

significantly superior to AS, NCA. NCU an~ urea. The content

decreaeed from MT to flowering and was maintained till harvest.



Table 15. Nitrogen content (,,) in the rice plant at various stages of growth

as influenced by N sources and liming.

Growth Harvest
stages Maximum tillering Panicle initiation Flowering Straw grain
Treat- source un- limed source un- limed source un- limed source un- limed S01,lrce un- limed
ments, limed limed limed limed limed

Control 2.47 2.78 2.16 1.44· 1.13 1.75 1.12 1.24 1.01 0.43 0.40 0.47 0.81 0.87 0.76

Urea 3.09 3.21 2.97 1.60 1.35 1.85 1.21 1.35 1.08 0.50 0.48 0.52 0.76 0.82 0.70

AS 3.28 3.24 3.32 1.44 1.40 1.48 1.11 1.14 1.08 0.47 0.53 0.41 0.68 0.68 0.68

NCU 3.78 4.15 3.42 1.82 1.89 1.75 1.17 1.14 1.19 0.44 0.40 0.49 0.72 0.66 0.79

NCA 3.51 2.90 4.12 1.89 2.03 1.74 1.15 1.22 1.08 0.52 0.52 0.51 0.68 0.57 0.79

GCU 3.66 3.41 3.91 1.80 1.86 1.73 1~23 1.24 1.21 0.50 0.44 0.57 0.89 0.86 0.91

R..pU 3.74 3.24 4.24 1.73 1.67 1.78 1.09 1.11 1.07 0.49 0.53 0.45 0.96 0.88 1.04

Mean (3.2:21(3.43) (1.62) (1.73) (1.21) (1.11) (0.47) (0.49) (0.76) (0.81)

'p' CD (5") SEmi 'F' CD(S") SEmi 'F' CD(S") SEmi 'F' CD (5") SEmi 'F' CD (5") SEmi
test test test test test

Source NS 0.28 NS 0.19 NS 0.07 NS 0.06 Sig 0.16 0.05

lime NS 0.15 NS 0.10 NS 0.03 NS 0.03 NS 0.03

interact-
0.40 NS 0.27 NS 0.10 NS 0.08 NS 0.07ion NS

-J
o
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Table 16. Phosphorus content ("') in the rice plant at various stages of growth

as influenced by N sources and liming.

Growth Harvest
stages Maximum tillering Panicle initiation Flowering Straw Grain
Treat- un- un- un- un- un-
menta sourC?e limed limed source limed limed source limed limed source limed limed source limed limed

Control 0.26 0.25 0.28 0.19 0.18 0.20 0.28 0.31 0.25 0.12 0.16 0.09 0._22 0.21 0.23

Urea 0.19 0.21 0.17 0.23 0.21 0.25 0.26 0.26 0.26 0.17 0.18 0.16 0.21 0.23 0.20

AS 0.21 0.12 0.29 0.16 0.18 0.15 0.21 0.21 0.21 0.15 0.15 0.15 . 0.21 0.21 0.21

NCU 0.27 0.23 0.31 0.19 0.21 0.18 0.25 0.28 0.21 0.16 0.15 0.16 0.22 0.21 0.23

NCA 0.28 0.28 0.28 0.18 0.18 0.18 0.23 0.23 0.23 0.14 0.17 0.11 0.23 0.21 0.25

GCU 0.25 0.28 0.21 0.18 0.18 0.18 0.28 0.28 0.27 0.13 0.13 0.14 0.22 0.23 0.21

RPU 0.25 0.31 0.20 0.17 0.20 0.14 0~24 0.26 0.21 0.15 0.15 0.15 0.22 0.24 0.21

Mean (0.24) (0.25) (0.19) (0.18) (0.26) (0.24) (0.16) (0.14) (0.22 ) (0.22)

'F' CD (5") SEm± 'F' CD (5") SErn!. 'F' CD(5") SErn± 'F' CD(5") SEm± 'F' CD (5") SEm±
test test test test test

--SOurce NS 0.03 NS 0.013 NS 0.02 NS 0.009 NS 0.013

liJae NS 0.02 NS 0.007 NS 0.01 NS 0.004 NS 0.07-

inter-
action NS 0.04 NS 0.02 NS 0.03 NS 0.016 NS 0.02



Table 17. Potassium content (~) in the rice plant at various stages of growth

as influenced N sources and liming.

Growth Harvest
stages Maximum tillering Panicle initiation Flowering Straw grain
Treat- un- un- un- un- un-
ments source limed limed source limed limed source limed limed source limed limed source limed limed

Control 2.92 2.97 2.87 1.49 1.52 1.46 1.76 1.76 1.76 1.72 1.80 1.64 0.43 0.41 0.45

Urea 2.61 2.30 2.92 1.51 1.50 1.52 1.72 1.70 1.74 1.61 1.69 1.53 0.50 0.50 0.49

AS 2.28 2.67 1.90 1.66 1.60, 1.73 1.60 1.49 1.71 1.63 1.57 1.69 0.52 0.55 0.50

NCU 1.75 1.55 1.95 1.90 1.88 1.93 1.71 1.61 1.81 1.66 1.66 1.67 0.51 0.48 0.54

NCA 2.06 2.15 1.97 1.91 1.75 2.08 1.59 1.57 1.60 1.52 1.77 1.27 0.53 0.57 0.50

GCU 2.40 2.35 2.45 1.85 1.94 1.77 1.55 1.62 1.48 1.08 1.38 1.04 0.50 0.57 0.50

RPU 2.51 2.45 2.57 2.00 1.97 2.04 1.')6 1.58 1.65 1.21 1.14 1.29 0.49 0.44 0.55

Mean (2.35) (2.37) (1.73) (1.79) (1.62) (1.66) (1.54) (1.44) (0.49) (0.51)

'F' CD (5") SEm± 'F' CD (5") SEm± 'F' CD (5") SEm± 'F' CD(5%) SEml 'F' CD(S%) SEm±
test test test test test

Source NS 0.24 NS 0.23 NS 0.13 NS 0.28 NS 0.03

lime NS 0.12 NS 0.12 NS 0.07 NS 0.15 NS 0.02

interaction NS 0.34 NS 0.32 NS 0.18 NS 0.40 NS 0.04
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P content.. 'the data are q1ven in Table 16 and its

analysis of variance in Appendix xIII. 'rhe phosphorus

content in thr __ ,..t.ant was not significantly affected by the

N sources or liming or source and lime interaction at any

of the gro\<rth stages. t~ith stage of the crop, there was a

decrease in content from MT to PI and a gradual increase

from PI to harvest.

i( cOQte~: The da~,;,.:l are presented in Table 17 and its

analysis of variance given in Appendix XIV. The Sdme

trend as that of P content \<las noticed here also, during

all the growth stages. The effect of N-sources, liming and

interaction of sources with lime was not statistically

significant. The content decreased from MT to PI.

N, P, K uptake by the rice plant at ¥arious growth ~taggs

as inflqenced by N sourges agd liming.

!i upta'ke : The data on uptake of nitrogen are given in

Trible 18 8'10 i t.S analysis of 'tfarlance in A;")pendix X:V.

It is presented in Fig. 17.

As in the C.'3.82 of N-content, the u,::I::a}:e was a::fected

signiflc:mtl~t only during harvest. 'I'he uptake by grain

di ffered due to the differe''lce in sources of :1itrogen used.

With advancing stage of the crop, from HI' to flowering

the uptake :f.ncreased for alltrec::.tments ,\·11th nitrogen, but

reduced at harvest.



Table 18. Nitrogen uptake (mg plant- 1 ) at various stages of growth of rice
as influenced by N sources and liming.

Growth Harvest
stages Maximum tillerina Panicle initiation Flowering Straw Grain
Treat- source unlimed limed source unlimed limed source unlimed limed source unlimed limed source unlimed limed
menta

Control 86.53 85.63 87.43 99.17 92.26 106.09 129.86 134.29 125.44 35.80 42.20 28.40 54.80 64.58 44.02

Urea 83.02 90.30 75.73 127.39 106.31 148.16 204.49 195.34 213.65 49.46 43.10 53.82 71.14 73.92 68.38

AS 91.62 97.01 86.23 97.07 106.98 87.16 177.63 190.59 164.67 55.24 56.60 53.90 66.48 61.70 73.26

NCU 107.:t5 120.20 94.11 146.49 156.61 136.38 224.22 290.85 157.59 62.76 59.90 66.60 78.46 69.70 89.22

NCA 100.69 90.39 110.90 141.24 159.33 123.15 186.09 188.61 183.57 88.24 96.78 79.70 82.18 70.74 93.62

GCU 112.52 101.31 123.70 174.08 172 .08 176.08 258.38 222.24 294.52 70.52 55.06 86.00 101.28 102.46 100.10

RJ2U 104.61 91.46 117.75 129.40 123.23 135.57 198.42 219.73 177.12 83.B2 102.98 64.66 110.64 128.04 93.24

Mean (99.47) (102.28) (129.54X131.84) (205. ,,0) (188.08) (65.38) (62.02) (81.72) (80.26)

'F' CD(5%) SEm± 'F' CD(5%) SEm± 'F' CD(5%) SEm± 'F' CD(S%) SEm± 'F' CD(5%) SEm±
test test test test test

Source NS 7.93 NS 17.28 NS 33.92 NS 12.30 Sig* 28.82 9.48

lime NS 4.23 NS 9.22 NS 18.10 NS 6.56 NS 5.06

inter-
action NS 11.24 NS 24.49 NS 48.08 NS 17.40 NS 13.44
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Comparing between sources, the uptake was higher

for coated fertiliser treatment than that with lE'ea or

ammonium sulphate. The same was noted at all stages.

The uptake by grain was least in control and high

for coated fertilisers. RPU recorded the maximum value

followed by GCU and NCA which were on par. RPU and GCU

were significantly superior to control, AS and urea. The

uptake by straw was maximum for NCA followed by RPU.

Overall the uptake was higher for coated fertiliser treated

plants.

Effect of liming and interaction of N sources with

lime had no significant effect on uptake at any of the stages.

P uptakel The data are presented in Table 19. The

analysis of variance is given in Appendix XVI.

The uptake of P increased from MT to flowering for

all treatments. Liming did not have any signifioant effect

during any of the stages.

During PI stage, there was significant differenoe

bebleen N-aources. The lowest value was recorded by AS.

Hlghestvalue was for urea recorded followed by GCU. At

flowering higher uptake was noted for GCU followed by urea.

The uptake by grain was significant. with high values

recorded by NCA. The uptake by straw was maxirnwn w.ith NCU,



Table 19. Phosphorus uptake (mg plant- 1 ) at various stages of growth

of rice as influenced by N sources and liming.

Growth Harvest
nages Maximum tillering Panicle initiation Flowering Straw Grain
Treat- un- un- un- un- un-
ments source limed limed source limed limed soyrce limed limed source limed limed source limed limed

Control 7.10 1.05 7.15 13.55 13.60 13.50 31.95 33.00 30.95 12.28 16.90 7.68 14.62 15.76 13.46

Urea 5.32 6.15 4.50 19.00 17.50 20.50 45.02 39.50 50.55 15.76 14.70 16.82 20.54 21.06 20.02

AS 5.67 3.55 7.80 11.42 13.20 9.65 33.77 34.60 32.95 18.24 16.54 19.94 21.46 19.82 23.12

NCU 7.82 6.80 8.85 16.37 18.50 14.25 36.60 35.75 37.45 24.52 26.80 22.16 24.76 22.86 26.66
NCA 8.15 8.75 7.55 13.82 14.45 13.20 42.65 44.95 40.35 23.76 31.52 16.00 27.38 26.84 27.90

GCU 7.65 8.35 6.95 17.50 17.00 18.00 59.27 51.65 66.90 19.28 16.72 21.84 25'.42 27.74 23.10

RPU 7.17 8.75 5.60 12.67 14.85 10.50 43.97 52.10 35.85 22.16 22.16 22.18 26.36 34.00 18.74

Mean (7.05) (6.0l> (15. 58ll(14. 22) (41.65)(42.14) (20.68)(18.14) (24.00X10.94)

'F' CD (5") SEm± 'F' CD (5") SEm± 'F' CD(5%) SEm± 'p' CD(5%) SEm± 'p' CD(5%) SEm:t.
test test test test test

Source NS 0.80 S1g* 4.52 1.49 NS 6.39 Si9** 5.24 0.162 Si9* 7.06 2.32

lime NS 0.43 NS 0.79 NS 3.41 NS 0.92 NS 0.124

inter-
action NS 1.14 NS 2.10 NS 9.06 Sig** 7.42 2.44 NS 3.28



Table 20. -1)Potassium uptake (mg plant at various stages of growth
of rice as influenced by N sources and liming.

Growth
stages
Treat
ments

Maximum tillering

source unlimed limed

~anicle initiation

source unlimed limed

Flowering

source urilim~d limed

Harvest
Straw Grain

source unlimed limed source unlimed limed

Control

Urea

AS

NCU

NCA

GCU

RPU

Mean

'8.40

75.21

64.95

59.01

60.06

73.27

69.93

S3.H 'P.50
75.9j 74.50

79.91 50.00

64.41 53.62

66.99 53.13

69.71 76.83

68.42 71.43

(69.81) (64.72)

102.68

118.91

113.22

153.96

144.18

175.61

150.50

106.68 96.67

116.22 121.60

122.32 104.12

151.37 156.55

138.37 149.98

174.69 176.53

146.40 154.60

(136.86)(137.15)

204.75

297.99

252.58

345.58

286.30

324.37

282.06

191.00 21~.50

254.57 341.42

246.42 258.74

398.39 292.77

297.55 275.06

288.86 359.88

310.32 253.80

(283.87)(285.70)

287.76

i46.42
198.78

228.72

261.62

148.52

193.40

IB6.~2 390.48

159.02 153.82

167.08 230.50

230.22 227.22

327.60 195.62

141.62 155.44

203.68 182.12

( 202.00)(219.46)

28.58

46.76

51.48

55.44

63.22

56.54

56.54

30.92

45.46

45.62

50.10

70.04

52.74

67.72

(52.36)

26.26

48.04

53.32

60.80

56.40

60.34

45.38

(25.00)

'F' CD(5~) SEm±
test

'F'
test

CD(5") SEmj: 'F'
test

SEm± 'F'
test

CD(5~) SEm± 'F'
test

CD(5~) SEm±

Source

lime

inter
action

NS

NS

NS

6.71

2.98

7.92

NS

NS

NS

18.85

10.06

26.72

NS

NS

NS

44.00

23.48

62.35

NS

NS

NS

61.94

33.06

87.76

Sig**

NS

NS

14.70 4.82

2.58

6.86
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followed by NCA and RPU, which were significantly higher

than control, urea or AS.

Effe~ of intera~ion of source and lime was not

significant at any of t:he stages, except: at: harvest where

unlilfted NCA gave significantly higher uptake for straw.

K uptakea The data pertaining to uptake of K, are given

in Table 20 and analysis of variance in Appendix XVII.

The upta.ke 0 f r< increased from MT to flowering.

There was no significant difference in uptake due to the

diff.erence in liming or source-lime interaction during any

of the stages. There was a higher u~take for plants treated

with coated fertilizers.

Uptake by train was significantly increased with N

sources only. Maximum value being with !lCA. The effect of

all coated fertilizers were Oft par.

+ -Effect of N-sources and lime on NH4 - Nand N0 3 ..:..!!
content of the soi~ a\ yarioul Itages of tbe croP.

Ammoniacal nitrogen content.

+The data on NH4 - N content (mean of two replications)

are presented in Table 21. The content in the control pot:

remained almost the same throughout the period. Fertilizer
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Table 21. Ammoniacal nltrogen content (ppm)
ln the 8011 at different stages of
the rice crop as influenced by
N-aources and lime.

Growth stages

Treatments Maximum Panicle Flowering Harvest
tillering initiation

-- . - --
L C 10.65 10.22 9.44 10.15

0

LC 14.42 10.97 9.68 11.20

L U 22.60 19.37 10.94 8.19
0

LU 42.46 11.58 11.16 7.74

L AS 18.96 22.70 16.13 14.80
0

LAS 21.65 15.85 11.78 13.23

L HC,", 83.46 19.28 11.22 15.31
0

LNCU 18.3'1 7.28 8.23 10.33

LNCA 16.86 13.40 7.27 6.23
0

LNCA 8.12 8.36 10.05 8.42

r., GCU 19.00 ;.76 11.25 8.84
0

LGCU 77.24 13.00 13.05 10.86

L RPU 28.68 13.40 9.54 8.02
0

LRPU 20.73 10.80 10.12 10.53
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Table 22. Nitra~. nitrogeJl content (ppa) 1n the
soll at 41fferent stages of the rice
crop as influenced by N-sourc:es and lime.

~ stage,
'treatment Maximu. P . cle Plowering Harte,t.

1;11l..ring Wl&l't1on

L C 1.27 0.19 0.61 0.20
0

LC 1.90 0.67 0.32 0.10

L U 1.86 0.27 0.46 0.17
0

LU 1.76 0.63 0.20 0.13

L AS 1.59 0.80 0.22 0.28
0

LAS 1.28 0.71 0.24 0.20

L NCU 1.43 0.35 0.37 0.26
0

LNCU 0.66 0.59 0.17 0.31

LNCA 2.06 0.60 0.08 0.29
0

LNCA 0.64 0.23 0.53 0.30

LoGCU 1.78 0.37 0.10 0.19

LGCU 0.63 0.63 0.79 0.24

L RPU 1.S5 0.37 0.34 0.21
0

LRPU 1.56 0.66 0.90 0.05
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was applied at. Ull,ring st.age. Th. cont.ent: increased at.

MT, for all sourCes when compared 'to cont.rol. Liming reduced

+the NH. - N content in RPU. NCO and NCA (Except.ionally high

values were not.ed for LoNCU and LOCU). At PI st.age, comparing

bet.ween the Mff.rent. t.reatments, the limed treatments showed

lower content. for all sources, 'than l1:s corresponding unlimed

treatment. The content decreased from PI to harve3t.

N~trat' N~trogeg gons,nta-

The data are presented in 'table 22. At MT stage,

application of l1me reduced NO; - N oontent with all the

sources except GCu. Comparing between the stages, flowering

and harvest the NO; - Ncont.nt decreased, the decrease being

more in the limed t.reatments. In general, the :;0; - N

content increased on fertilis.r application and decreased pro-

gressively with advancing stag.s of the cz:op.

Effs;srt of N-sources and lime oD the pH and EC of the s211

at ditf't"ent stages of the crop ~hollcm)

The data are glven in Tabl. 23. Liming was done a

week before transplanting. Before f.rtilisntion but after

liming, the pH of the Boil increas.d. Soon after fertilizer

application there was a dra.~c reduction in pH with AS.

After the application of the second dose of fertilizer, the

pH was maintained without much fluctuations from PI till

harvest.
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Tabl. 23. Eff.crt of differen't "-sources and
l1ndnq on pH of 'the 8011, a't
variou8 stages of the rice crop.

Grqxt.b stag"
Treatm.nts Befor.

fertilizer Maxi.. Panicl. Flowering Harvest
applicat10~1;iller1ft91n1tiat10n

I.e 6.12 4.82 4.77 5.00 4.97
0

I.e 6.15 5.87 6.25 5.85 6.15

I. U 5.80 5.60 5.57 5.25 5.65
0

LU 6.12 6.12 5.85 5.75 5.87

LoAS 5.20 4.15 6.01 5.90 6.17

LAS 6.15 5.25 5.90 4.75 5.65

Lo·CU 6.07 5.67 5.32 5.45 5.20

LltCU 5.95 5.92 5.25 5.25 5.50

LNCA 5.12 5.27 5.12 5.75 6.0S
0

LNCA 5.42 5.42 6.32 5.75 6.20

L GCU 5.15 5.52 6.10 5.85 6.15
0

LaW 6.05 5.72 5.60 6.02 1.10

L RPU 5.25 5.57 5.92 5.10 5.45
0

LRPU 5.95 5.77 6.10 5.50 6.15
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In the con~rol pot. there was a decrease in pH

from 6.12 to 4.97 at harves~. The limed treatments were

found to have a higher pH value than the corresponding

unli.ed treatments at harvest. Among the limed trea~ents,

NCU, NCA and GCU did not show much variation in pH during

the vegetative and reproductive stages.

Overall, there was no significant differe~ain pH

due to the different nitrogen sources used.

~£I- The data are presented in Table 24. Before

fertilizer application, the EC varied from 50 to 90 ~hos em-1

between limed and unlimed pots. After fertilizer application

the EC increased in all the cases. At MT high values were

recorded by AS and urea compared to the other sources.

However. at PI stage there W8S no much variation in EC values

between sources. There was a gradual reduction in EC at PI

st~ge and there3ftc~ till harvest.

Liming reduced the EC values with urea, AS. Neu and

RPU at PI, flowering an~ harvest.

Corr,la1rj.oD of awn neld w&:tb soil factors and vie14 attributes.

The d~tails of correlation study are given in

Appendix XVIII.

Correlation of grain y1el~ with the ammoniacal nitrogen

content in soil at MT, PI, flowering and harvest was not

significant. The nitrate ni~ro9en content due to different



Table 24. Effect of different N-sources and
liming on_~. electrical conductivity
(~s/cm ) of the soil" at variou8
s ages of the rice crop.

Gmyt.b sUgfts
Treatments Before ..x1mum panicle

fertilizer tillerinq initiation Flowering Harvest
§t.?ul1catJ.on

L C 70.0 350.0 45.0 9.5 9.1)
0

LC 50.0 340.0 77.5 9.5 10.5

L U 77.5 230.0 50.0 14.0 13.0
0

LU 15.0 370.0 35.0 7.0 6.5

L AS 50.0 350.0 80.0 15.5 15.0
0

LAS 75.0 320.0 37.5 15.0 12.5

L NCU 92.5 300.0 52.5 12.0 11.5
()

LNCU 7~.() 40.0 30.0 4.5 6.0

LNCA 55.0 80.0 55.0 13.5 14.5
0

LNCA 55.0 95.0 65.0 6.5 7.0

L GCU 55.0 95.0 40.0 9.5 8.0
0

LGCU 55.0 125.0 77.5 11.5 10.5

L RPl1 60.0 130.0 10.0 14.0 13.5
0

LRPU 80.0 100.0 35.0 12.0 10.5
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N sources and liming had no .1gniflcaD~ correlat.1on witit

yield 4urlng t:he different. stages of t.be crop. Though not.

.~a~lst1cally 8ignifioant \here was a posit.lve correlation

bet".. grain yield and NO~ - If cont.ent at MT and harvest.

Dry matter aoumulat10n and 9rain yield was significantly

correlated only at. harvest.. The numbel' of Ullers and ~. leaf

area index 8. flower1ft9 and harvest. had slqnific~M pos1tJ.ve

aorrelaUon with gl'aln yield.

The number of panicles/plant and 100 qraln weight

though statistically inaign1flc~~ gave a near positive

correlation with grain yield.

pilQUlsioQI- The benefioial effect of N on growth and yield

attributJ.ng characters of rice are t ..'ell known and offtabllshed.

';\pp11cRtlon of N slgnificantly increased the growth and yield

eharacters in rice. Dr:y matt.er acc:urnulat.lon was less ln the

initial stages and increased from PI to flowerlng (119.13).

The ef.f~ of N on grain And straw yield were significant with

N appllcaUoft (Table 14). In...as. in qra1n end straw yie14

due ~ II appl1ca1:1oft has beeR reported by a lar98 number of

wooers (Saho & Il.. 1960, Paftdey and Dayanad. 1984).

The concen~ra~lon of N (Table is) and N up~aJc:e (Table 11)

by rl_ plan1: WAS increased bY' II applleat:lon. The eonten1:

dec~a." f~ PI ~o flowerinq due to ehe rapid metabolic

u~ilisaUon of 1'4 for greater blOlRaS8 pJ.'Odu~on and subsequent.

d1a1:r1l::N1:.ion ln a larger maes of dry matter.
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Phosphorus conceDua'tion (Table 16) and up'take

(Table 19) increased and gradually decreased at harvest.

The decrease in content may be due to the increased translo

cation and accumulation of a'tarch in grain. The relation

between carbohydrate metabolism and phosphorus has been

already well established.

Potassium concentration also decreased from MT to PI

and was maintained thereafter. This decre~se in K uptake

might be due to the competition of K+ with NH~ ions for the

+absorption site. Such antagonistic relation between K and

NH: ions was observed by Cox and Reisenauer (1973).

Results clearly showed that coated fertilizers (RPU,

GCU, NCU and NeA) gave higher yields than uncoated fertilisera

(urea and d'.uoonium slllphate). Coated fertilisers positively

influenced the morphologicdl and yield attributing characters

like height. tilleI." number. leaf area index (LAI). dry matter

accumulation. panicle number, spikelet number. l l he increase

in grain yield was mainly due to increase in number of panicles

per plant (Fig. 14). The correlation studies (.c"ppendix :·~nr;)

have indicated a significant correlation between yield and LAI

at flowering and harvest. dry matter accumulation and number

of tillers at flowering and an almost significant correlation

with 100 'Jrain 1,.;eight. It has been snow't1 that the main sinle,

the panicle number p~r unit field area is c.e~ermined curing the



87

veoetatlve stage (De Datta, 1981). Hiqher uptake and

utilisa~ion of N by the coated fertIliser trea~ed plants

(Fig. 11) gave & higher tiller number (rig. 11), consequently

reflecting in the higher dry matter accumulation. The higher

LAI at flowering. for coat.ed ferUll.ers U'lg. 12) clearly

indicated that more photosyntbate. were produced at the tint.

of flowering. Photo8yntha~. accumulation ~fter flowering

is ~lrE'etly rel2t~ to e~rbo1'rydr8t.. aceurnu.1atlcn 1n grf\\in.

Abo1!t. 70.80% of the carbohydrate 1!'l th'! grain are synt.heaized

after flowering (IshI~uke and TanaK&, 1953).

If2 the case of urea '-he recovery was very lOW, about

15.2% only (APPi',~nd1x. XX). Large 10S8 of N from ure~ would

have happened probably due to leaching, or in 'Che pot 1 t would

b~ve moved beyond the ro.,t zone.. Thi~ eoul'1 be ·~xpe<rted

::>ecause th~ r<:'J'te of uree hydrolysld '.'ii'l$ 3l~w in Ks.ri!:.:.pado'T. soil.

(Experiment.. 4). Liming would have enhaneed the N loss fl'OlR

urea. t~uqh ammonia volatili8~tlon. as liming was found to

enhance ~he ra~e of urea ~lysls and ~he consequent increase

in pH would have helped the 901a~11sa~ion process. In the

case of amtOft1um 8Ulpba~. al80 the probable low recovery of N

of 16.29% may be due 1:0 ammculia volat.ilisation, resul'tJ.ng from

a h1qh concentration.

The coated fertilisers recorded " higher recov·?ry

ranginq from 26.32% to :;3.10"~. i\'11Oftg then, Rf·>iJ was found t.o be
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highly efficient in reducing the N loss. The efficient

coating \'<'Ould have enabled a slower rate of release of

urea which was more efficiently utilized by the rice crop.

The laboratory studies also confirmed this observation.

Neem cake coated fertilisers (especially ammonium

sulphate coated with neem cake, NCA) was found to be

efficient due to the coal-tar coating than the nitrification

inhibition effect of ncem. This aSSLtrnption i~ based on the

fact ~lat nitrification rate 1s found to be ~nherently low

in this soil (Appendix. XXI). Nitrification in acid soils

is low (Alexander, 1977).

Liminq did not significantly influence the grain yield

in this study. It ",as found 1:hat though liming increased pH

in the beginning, later on the limed and unlimed treatments

had almost similar pH (Fig. 1 aDd 2). Therefore, it was

concluded that narrowing of pH was mainly due to SUbmergence

effect, than the effect of lime. Hence, lime has acted as a

calcium source than a pH ameliar'ant. 'Ihis has been indicated

in the studies on soil reaction (expe~iment. 1). Kuru.p and

Ramankutty (1969) also reported that there was no response to

lime 1n Kuttanad s01ls.

The grain yield from limed RPU was very low when

compared to unllmed RPU. Liming must have reduced the

effectiveness of coating. Liming was also found to increase

10S8 of NH] (from laboratory studies). 'Xherefore unl1ftled RPU

with it's gradual release behaviour. gave better yields.
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The high dr{ matt.er accumulated by unlirned RPU at

harvest was due to the high LAI at flowering, which must

have contributed to more production of pho~osynthates. The

number of panicles per plant was maintained high when compared

to the other treatments. All t.hese factors together must have

been contributory reasons for higher yields recorded by plants

supplied with RPU without the comhinat.i.on of lime.

Thus it could be concluded from this study that the

r:lte of nitrification in Karappadom soil was lo~', 2nd. liming

had very 11 t.tle response in thi~~ 8011.. It also re·"ealed that

coated fertl11si··rs performed bet".ter than uncoated fertl11~ers.

Rock phosphate coated Ul.-ea. being the best ct~:onJ thl:"! SOl1rces

tried.

Hence. further studies, including field c;...-per5.ments,

would be pr~ct1cally and scientifically relevant.



SUMMARY AND CONCLUSIONS
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An e.~men't on 'the 4ynam1es of applied nitrogen

i~ Ka.rappadom soil' 't-Tas conducted at ~ College of

Monierol t.ure. Vellan1'kkara, Trlehur 'to study ~he meehani8la

of tr,:"!naf'O~tion of applied nitrogen, =find oui: the effect.

of int.ra~lon of lime and nitrogen on rice and finally to

evaluate the best source of nit.rogen for rice. They

study was conducted in two parts viz. laboratory incubat10n

study and pot culture study (taken up from June to October, 1986).

The 3011 used for the study was obtaIned from the Rice

Research Station,. Moncompu. For the incubation study six

different materials viz. Urea. ammoniUlft-sulph~te. neem coated

'In:~fl\, neem coat.ed ammonium sulphate, gypsum co."t.ed ur~a and

rock phosphate coated urea were used as nitroqen sources. 'l'be

soil we. supplied w1cm 100 PP\ H. without lime and in

oomb1naUon with lime. It. was ma.1nt.a1ned under two different

moisture reqimes - sw.erge4 aDd at 70 per cent c,~ field

moisture capacity. Sample. were drawn at periodic intsrYals

and Nfl: - N and NO; - N contents were estlm,'?.tE'd. The pH.

Eh and L~C of t,he submerqed sample were also determined at

periodic intervale.

The pot culture s~udy also Ineluc!ed the same 6 nitrogen

sou.rees and treat..ments ~lth and 'tt!'1thout lime. Nitrogen was
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applied a~ the ra~e of 90 kg ha-1 in ~wo split doses, at

tillering and a week before panicle initiation. The rice

variety, Jyo~h1 was grown and observations on the growth

characters, content and uptake of N, P and K at periodic

intervals and yield were reCOrded.

The results of ~he study are summarised below.

1. pH of ~he soil increased on submergence. Lime

application increased ~he pH in all treatments during

the initial period of submergence only.

2. Eh rapidly declined, immediately after s\mmergence.

It was followed by an increase and thereafter a gradual

decrease and then stablilised. Higher values were

obtained for unlimed treatments compared to limed.

3. pH and Eh were negatively correlated.

4. Be of the soil increased on submergence, higher values

being recorded f:,r ammonium sulphate. IArni.ng increased

the values in all treatments.

5. Between sources, rock phosphate coated urea (RPU)

+maintained a higher NH4 - N content through out the

period of s~udy, due to its efficient coating.

However, liming reduced the efficiency of coating.

6. Liming increased the rate of urea hydrolysis.
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7. Rat.e of nit.rificat.ion was very low and it. ranged

from 2.4% to 3.4% only, on t.he 45t.h day of ineuba~lon.

8. At. 70 per cent. of field moist.ure capacit.y also nit.rogen

transformation was similar to that under sUbmerged

condition. Urea hydrolysis was slower, when compared

t.o that under flooded condition.

9. Rate of nitrification was negligible even after 30

days of incubation.

10. Pot.-culture experiment showed that coated fertilisers

(rock phosphate coated urea, gypsum coa.ted urea, neem

coated urea and neem coat.ed ammonium sulphate) qave

higher yields compare~ to uncoated fertilts~rs (ur.ea

and ammonium sul.?hate).

11. Unlimed RPU recorded the highest yield, but with

lime the yield <f/as drastically reduced.

12. Liming had no significant effect. on growth and

yield of rice.

CONCLUSIONS

i) Rate of nitrification in Karappadom soil is low.

1i) Growth and yield of rice is maximum with coated

fertilisers, especi?lly rock-phosphate coated urea.

iii) Liming decreased the efficiency of rock phosphate

coated urea and decreased grain yield.
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APPENDICES



Appendix I. Weather data (weekly av.rage) for 'the cropping period
(Jun. 1986 ~ OC'tOber 1986)

Weele:. No. Mon~ Date Rainfall (mm) 'rsmp,rat;1WI (.C) Relative Humidity
Maximum Minim. (%)

2S Jun. 18-24 206 28.9 22.9 90

26 June 25-1 July 328 27.6 24.0 90
27 July 2-8 18 29.7 22.7 80

28 July 9-15 143 28.8 22.8 8S

29 July 16-22 118 29.2 23.3 87

30 July 23-29 64 30.0 23.0 84

31 July 30- 5 Aug. 34 30.0 21.9 84

32 August 6-12 305 27.2 23.3 92

33 August 13-19 20 29.3 23.6 82

34 August 20-26 - 30.0 M.O SO

3S August 27- 2 Sept. - 31.5 22.0 75

36 September 3- 9 23 30.9 23.0 75

37 September 10-16 3 29.6 22.5 79

38 September 17-23 179 29.3 23.2 87 .

39 September 24-30 77 30.3 23.1 84

40 October 1- 7 114 30.5 23.3 83

41 October 8-14 27 31.8 23.0 7S

Source I Meteorological observatory# Vellan11dtara.



Appendix II. + N COft~eD~ of sollAnalysis of variance for NH4 -
a~ submerged moisblre reg1lae.

Mean ,quare
Source df 1s~ day 2nd day 4~h day 5~h <lay 9th day

-rotal 23 - - -
Treatments 5 518.87** 117.78** 26.07 404.94** 238.93
Lime 1 232.85 104. '13* 309.17* 81.21 253.03

Treat:. x Lime 5 398.32** 67.20** 92.32 257. 11*<A- 234.68
Error 12 67.75 12.79 45.33 46.48 69.41

111:h 4ay 16th day 23rd day 30th day 45th day 60th day 9~h day

- - - -
48S.72** 248.87 178.43 187.82* 31.35 139.38** 117.24

13.62 299.89 13.95 106.93 3.68 54.68 71.59
257.16** 520.50 124.46 614.02** 68.87 152.67** 162.50

45.46 211.79 219.17 49.12 90.97 18.89 55.69

* Significant at 5% level
** Significant at 1% level



Appendix Ill. Analysis of variance for ND3- N

COll't.Il~ of 80il aot submerged
moia.v. regime.

Mean square
Source

Total

Treatment

Lime

Treat. x Lime

Error

df

23

5

1

5

12

45th day

-
0.609*

0.212

0.222

0.153

60th day

-

0.821

0.248

90th day

0.281

0.048

0.643

0.461



Appendix IV. +Analysis of variance for NH4 - N content of soil
at 70% of field moisture capacity.

Mean squares

Source df 1st day 7th day 14th day 21st day 30th day 45th day 60th day 90th day

Total 23 - - - -
Treatment S 1047.81** 405.98** 139.37** 278.55** 286.61** 334.48** 235.76*·

Ll.e 1 111.59* 0.578 271.70·· 373.76** 407.31** 75.43* 178.21**

TreatxLtme 5 329.19*· 113.44·* 67.16** 113.37** 130.90** 142.47** 85.79**

Error 12 15.18 17.92 3.82 3.81 15.93 11.15 7.51

* Significant at 5% level

•• Significant at 1% level

92.44*·

136.56*

35.97



Appendix v. Analysis of variance for NO; - Ncont.ent of soil

at. 70% of field moisture cap~cit.y.

Souree df Mean SQuare'
30th day 45t.h dar - 60~ day 90th day

Tot.e1 23 - -
Treatment.s 5 0.422** 1.163 0.820 0.475

Lime 1 0.024 0.057 0.059 2.671*

Treat. x Lime 5 0.666** 0.993 0.440 0.767

Brror 12 0.053 0.433 0.433 0.293



Appendix VI. Analysis of variance for high~ of rice
plan~ (ea) as influenced by N-sources
and liming at various stages of qro~.

Mlan '9MI'"
Source df Panicl. Flowering Harves~

iDi3iJ,·tJ.on

'fotal 27 - -
Treatmenits 6 73.99* 191.13* 84.77*

Lime .. 30.03 ].07 14.87.l.

Treat. x Lime 6 20.05 66.11 22.90

Error 14 16.51 47.02 17.47

* S10TIificant at 5% level
** Significant at 1% level

Appendix VII. Analysis of variance for tillers plant-1
at various growth stages as influenced
by N-sources and Itming.

Source df
Mean ,guaE"

Panicl. Flowering Harvest
.lroJ.~oD

Total 27 - -
Treatment. 6 5.40** 7.90 6.97

Lime 1 2.28 1.28 2.28

Trea~. x Lime 6 1.19 0.61 6.11

Error 14- 1.00 2.85 3.71

.. Significant at 5% level_.
Significant at 1% lavel



Appendix VIII. Analysis of variance for leaf area index (LAX)

at various stages of growth of rice as

influenced by N-sources and liming.

Mean squares
Source df MaxilO'UM Panicle Flowering Harvest

tillering initiation

Total 27 - -
Treatment 6 0.041 0.850*')< 1.662*·' 1.096**

Lime 1 0.052 0.413 0.401 0.492

Treat. x Lime 6 0.055 0.216 0.220 0.215

Error 14 0.027 0.190 0.303 0.138

*

**

Significant at 5% level

Significant at 1% level



Appendix IX. Aftalpia of variance f~r dry matter
accumulation (q plan~- ) a~ various
grow1th stage. of rice as influenced
by .sources aDd l1ln1nq

Source

'lotal
Treatment

LiM

Treat. x Lime

Error

df MIM sgu~{el

Maximum Panicle Flower11lQ Harvest
tillering initiation

;

27 - - - -
6 0.069 3.553** 41.67 24.11**

1 0.227 0.520 0.80 1.29

6 0.045 0.659 27.50 8.72**
14 0.013 O.~87 29.08 1.73

----......_......

* Significant at 5% level
*. Significant at l% level

Appendix X. Analysis of variance for mean number of
panicle~plant and .pikelet~panicl.as
influenced by N-sources and l1Jn1ng.

Source df

Total 27
Treatments 6

L1Jne 1

Treat. x LlIRe 6

Brror 14

0.914*

0.223
0.057

0.223

209.34

12.18
120.71

107.71

*
'It.

Significant at 5% level

Significant at 1% level



Appendix XI. Analysis of variance for grain yield, straw
yield and harvest index as influenced by
N-sources and liming.

Grain ii.ld
MelD squires

Source df St.raw yield Harvest.
(q pol-i) (g POit-1 ) lDdg

Total 27 - -
Treatment. 6 53.07** 153.47** 0.003
14_ 1 24.34 42.26 0.001
Treat. x Lt.e 6 ~4.7!.;* 28.71 0.002
Error 14 7.94 17.28 0.002

*
**

Significant. at 5% level
Significant at. 1~ level

Appendix XII. Analysis of variance for N content (%) at
various stages of the crop as influenced
by N-sources and liming.

Mean squares
Source cSf Maximum Panicl. Plowering Marxest

tillering !nls&a1;1on strAw g[l!n

'1'01:11 27 - - - -
Treatment 6 0.374 0.132 0.010 0.004 0.046*
Li_ 1 0.697 0.079 0.078 0.002 0.014

Treat. x Lime 6 0.466 0.116 0.013 0.009 0.018

Error 14 0.326 0.150 0.022 J.013 0.012
- -_.....

* Significant at 5% level

** Significant at 1% level



Appendix XIII.

Source

Analysis of variance for phosphorus
con~ent. (%) at. various st.ages of
crop as 1nfluenced by • 80urces and 11ming_

Total 27 - -
Treatment 6 0.004 0.002 0.002 0.001 0.001

Lime 1 0.001 0.001 0.005 0.003 0.001

'treat. x Lime 6 0.009 0.001 0.001 0.001 0.001

Error 14 0.004 0.001 0.C02 0.001 0.001

----- ..~..........".........-

Append1x XIV. Analysis of. va.r1an~e for pot.ass1 urn content (%)
at various stages of the crop as inf.luenced
by H.sourc.s and liming.

!tao .suart'
Source df Max1mum Panicle Flowering Harvest

t.1J..llr~ 1JnU~iQD StJ:a.u Grain

Total 27 - - - -
'1'reat.lllent. 6 0.582 0.173 0.030 0.238 0.005

Lime 1 0.006 0.019 0.015 0.060 0.003

Treat. x Lime 6 0.202 0.024 0.017 0.048 0.004

Brror 14 0.235 0.217 0.071 0.326 0.005



Appendix XV. Analysis of yarlanee for N-uptake (mg plant-i)
at various stages of the crop as influenced
by N-so'.lrCeS and liming.

Maximum
bM 19»u:Js

Source df Panicle Flowering Harvest
1;il1e,10g uawlt 3aon Stray Gralp

Total 27 - .. - - -
Treatment 6 416.99 2920.22 6378.15 702.52 753.08*
Li_ 1 55.28 31.12 2235.00 39.58 7.58

Treat. x Lim. 6 429.18 860.74 3945.58 245.36 228.02

Error 14 252.91 1199.53 4623.50 303.68 180.62

* Significant at 5% level

Appendix XVI. Analysis of variance for P-uptclce (rog plant-1)
at various stages of the crop as influenced
by N-sources and l1ming.

Meg ,autr',
Sourc. df Maximum Panicle Flowering Harvest

t!llflring !pj,tl&lt1on Straw Grain

Total 27 - - -
Trea1:ment. 6 4.684 30.50* 339 ..42 39.34** 39.34*

Lime 1 0.143 12.89 1.695 25.42 16.16

Treat. x Lime 6 6.353 a.04 108.00 28.34 21.20

Error 14 2.642 8.90 164.33 6.00 10.82

* Significant at S%l.vel



Source

Appendix XVII. Analysis of variance for K uptake
(m9 plant:-1) at: various stages of

the crop as infl\lanced by N-sourcea

aDd l1m1nq.

Meap saurel

Tot-al 27 - - - - -
Treatment: 6 413.82 2721.93 8593.41 5374.06 250.18**

Lime 1 181.61 0.625 24.50 1066.18 18.46

Treat:. x Lime 6 191.40 122.64 4120.87 5187.90 71.90

Error 14 125.48 1428.48 1175.13 7705.12 57.08

.-

** Slqnlf1cant: at 1% level



Appendix XVIII.. Correlatdon of grain yield with
soil faetDrs and yield attributes

Parameters Correlation Significance
;olffiaM1:

(~l. value 5% significance. 0.5341
+NH. - N content

in so11 at
MT

PI
F

II

N0i - N content
in soil at

MT

PI
F

H

0.0916

-0.128

-0.190

-0.06

0.511

-0.151

-0.036

0.511

NS

NS

tiS

NS

NS

NS

NS

Dry matter
accumulation

MT

PI
F

H

Number of tillers
PI
F

H

Leaf area index (LF.I)
PI
Ii'

H

Number of panicles/plant
Number of spikelets!pan.
100 gratn weight
Nitrogen content PI

l'
Nltroqen uptake PI

F

0.021 NS

0.247 NS

0.487 NS

0.949 Sig **

0.085 NS

0.718 51g**

0.709 Siry·*

0.271 NS

0.658 Sig**

0.627 Siq·*

0.481 NS
0.230 i~S

0.508 ~;3

0.361 NS
0.160 NS
0.377 NS
0.410 NS



Appendix XIX. Hundred qrain weight. (g) as influenced
by --sources and liming.

iL.ources Unilrned (r., ) Limed (L'
-- ...;....0

1. Control (e) 2.5. 2.06

2. Urea (u) 3.43 2.93

3. ammonium sUlphate (AS) 3.60 3.95

4. neem coated urea (NCU) 3.53 3.95

5. neem coated ammonium
sulphate (NeA) 3.16 3.20

6. Gypsum coat.ed urea (GCV) 3.30 3.30

7. Rock phosphate coated urea (RPU) 3.80 3.08

Appendix XX. Nitrogen recovery (,,) by rice as
influenced by N-sources.

l!=,ourc,. RecovjiY (%)
Urea (U)

Ammonium 8ulphate (AS)
Heem coated Urea (NCfJ)
Heem coated ammonium ,ulphate (NCA)

Gypsum coated urea (GCU)
Rock pho3phate co~ted u~ea (RPU)

15.20

16.29
26.32

40.78

41.48

~; 3 .10

Recovery" • Nitrogen uptake--Nitrogen upt.ake
(tlrtill,., po1;) (control pote) x 100

Nit.rogen applied



Appendix XXI. Nitrificat.ion rat.e (~) as influenced
by different. N-sources.

(a) SupnUClId moisture regw

iL.ourge.

Urea (U)
Anmon1um .ulphate (AS)

He.. coat.ed Urea (NCU)

Neem coat.ed ammonium
sUlphat.e (NCA)

Gypsum coated urea (OCU)

Rock pho.phate coat.ed
urea (RPU)

.5th 4ay

3.44

60th day

8.5

90tJ) day

10.5
5.4
5.13

5.63

5.52

5.13

(b) t1;; 70% of £&114 moisture capacisy

N-'9\1rC;~8 30t.h aU .S~ dfY '0" Aix60th day

Urea (U) 1.9 4.6 5.5 4.9
Ammonium sulphat.e (AS) 2.5 5.2 6.4 5.0
Neem coated urea (NCO) 3.6 5.9 8.0 6.0

Naem coated c~n1um

sulphate (NCA) 2.8 4.3 6.1 5.7
Gypsum coated urea (GCU) 2.9 5.a 7.5 6.0

Rock phosphate coated
urea (RPU) 2.5 5.1 6.2 4.9

Rate of nitrification (%) = _NO_-.3_-__M__+__NO~2__-__N~ xl00

Na: -N +N0i -N +NO; - N
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The presani: si:udy on •dynamics of applied n1trogen

in acidic soils of Kui:1:anad (Karappadom soil)' was conducted

at the College of Horticulture, Vellanilckara, Trichur from

January 1986 1:0 December, 1986. A eo1:al of six m-3terials

viz. urea, ammonium sulpha1:e, neem coated urea, neem coated

ammonium sulphate. gypsum coated urea and rock. phosphate

coated urea were used as N sources. The experiment included

limed and unl1med treatments of these sources at two moisture

regimes.

The results of the study proved that the rate of

nitrification was very low 1n Karappadom solI and that there

. + -was no appreciable conversion of NH. - N to N03 - N. It

also showed that the coated fertilisers performed better

than the uncoated fertilisers in this so11.

EC and pH of the soil increased on submergence.

Eh and pH of the soil were negatively correlated.

Data on various growth and yield characters of the

rice variety Jyothi showed that, nitrogen recovery was

higher with coated fertilisers than w1th uncoated

fertilisers. Rock phosphate coated urea gave maximum

grain yields# however in the presence of lime its efficiency

was reduced drastically.

• • • • •
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!!!!!!S!

'Ihe pr.a.n~ at.udy on ·.,"_lea of applled nlt.roQen

11'1 aoldl0 8011. of bt,t...... (Xar.pp.... 8011)' was conducwd

at. ~he Collev- of HoJ:'t.lcult.U'e, vellanUck••, Trlebur frOM

Janu&l" 1"' ~o Deceaber, lM6. A tot.al of 81.x _Kerials

vl•• Urea, ~nl_ sulpha., __ coa.d uea, .... coated

.-01'11_ sulphate, ,y~_ •••e! urea and rock phoaphate

coated ur•• wre ...d .. II aourcea. The experlMnt. included

liMe! and .alt.d U'e.~n~. of th... aour.a at two ..lat.ure

re;1IIea.

The re.ults of the st.tildy proved that ~ raU of

"lUllleat.ion vu 'lery low 11'1 KUappadC8 aol1 and that there

... no appn.lable c:on_ralon of -: - • to NO] - II. It.

alao ahowed d\at. the coated fut.ll1aera perfo~d bet.ter than

the uncoated fert,111aer. 11'1 thi8 .011.

BC and pH of the 8011 lncre...d on au..rgence ••b and

pH of the 8011 were negatl_ly conalated.

Data on .arloua gronh and ,,"'14 etaaract.er. of the

rlce varlet.y, Jyo~l ahowed t.hat, nlt.rogen recovery waa

hlgher wlt.h coated fertilis.rs than with uncoated fert.iliaera.

Rock pboapbate coated ure. ,a.e .u" grain riel", howe_r

11'1 t." preaenee of 11_ ita efllelenc, "as reduced dr_tie.ll,.
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