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IRTADIAICTION

Increasing tho efficlency of nitrogenous fertilizers
io the single priority srea of research oo 2 global scale
for the next decude, due to the escalatiosn in prices per
unlt of nitrogen used in agriculture. At progent, the
fertilizer efficiency of nitrogen is only ebout 40 %o &0
percent and 1s guided by the soil conditlions, hydrology,
crop and varleties grown in addition 5 the nature of H
carrier fertilizer. & 10 percent inersase in ¥ efflcliency
wean that 547 urea fertilizer plants each with 1020 tonnes
of upea per day need not be established in view of the
savings. It is worth 88.200/- crores to India per asnum
in fertilizer-nitrogon us2. Any saving in the consuartion
of fartilizey, adopting low coot technology without sacri-
ficing productivity of orops, will therefore be economically

advantageous to fargers.

The rice crop alone in the oountry consumes abaut
32 percent of nitrogencus fertilisers used in India. Howe
ever, the applied nitrogen is not being fully utilised
by the crop on account of variations in soll types, cul-
tural methods and veter nanagement practices under :hich
it is vaizad, Thus the 1low efficiency of fertilizer

nitrogen in rice is well documented. The nitrogen efflclency



in rice largely rangsg between 25 {5 35 percent and seldoa
enceeds 50 percent. itrogen may be lost from the =il
through ammonis volatalization, nitrificstion, denltrifi-
cation, leaghlng, run off, blologleal imnobllizatliim by

#oil srganlc metter and B, fixatiosn by clay minerals.

N use efficiency under alternate f£losding and
drying or continucus flosding hae been shown to be rese
pactively 26 percent and 64 porcent. Alternate flosding
and drying depresses the crop yield ag a fumction of
direct effect of moisture stress-induced changes in
nutrient availability, and results in reduced total B
uptake and lower mitrogen use effioiency. In addition,
the interaittent drastic shifts in redox equilibria end
microbal populetion under alternate {iooding and drying
irrigotisn regine are conducive for substantliaml loms of

nitrogen which, conseguently rosults in poor use efficiency,

The recent energy squecze, the high coat of the
mutrient nitrogen and its low recovery, warrant thot
rasegrsh should bo directed towsrds meassuring the magnie
tude of losses of nitrogen and ideniifying end developing
praducts end practices that will curd losses and increage
the effieclency. 4wong thae verisus approaches followed

for cnsorving the nutrient, the use of slow release



fertilizers and biologiczl inhibitors, which reduce the
soblivity of nitrogen in the soll solution, were found
to be fairly effective.

Bislogical inmhibitors are used to block particalar
iransforastions which lesd to losses of nitrogen, It ia
therefore asseutisl to identify the loss mechanlsm thab
must be blocked befare chozsing sn inhibitor, Inhibitora
presently available are uresse inhibitors and niirifica-
tion inhibitors,

The best way of l{mproving tha efficiency of ursa
is %0 inhibit urpase activity for sumetime to allow it
ta memsin ag such for a period in the so0il. It 43 kuown
that substituted urems such as monouron, dluron, mhumm.
fequron ete. which are vell known herbicides can inhdbit
urease acktivity bto the extent of 10 to 40 pergent. This
offers theoretically e poszibility for unsymmetriesl
dimethyl urea (UDMI) also to possess ureape-lnhibiting
propevtias.

Unoymmetrical dimethyl urea ls sn intermediate
waterial obtrined during the manufacturing process of
propellents for rockets. Thus an investigatisn io find
out the sultabllity of UD® as an ureasa/uiirification

inbibitor is of lmmense iapsrtance.



Much work hes been done on the use of ncewmcake &8
an inhiblior in submerged rice soils and also in sone
garden laads of lov reinfall regiona. In well serated
soile of Kerals, with 1ts humid tropical climate, nitri-
fication tazkes place at @ much faster rate, Lassea are
also eomparatively severs, duw to heavy rainfall and
undulating terrain. Thus a study on the gfficacy of the

use of neepcaks as & nitrification inhibitor 45 iaportant.

In the 1izht of the above, thers i= & very good
scope for a field study using different levels and combiw
nations of UIKY and neemcake tp £ind out the most desirable
combinations to increase Meuge officiency of urea and

praduce the meaxisus yleld using rice variety, Jaya.

The asbjsctives of the present inveatigstion are

as followsi=

{1) To study the possibility of using unsymmetrical
dimothyl urea as a ureasze snd nitrificatisn inhibitor
in soilw.

(11) To find out the effect of UMM in incrsasing the
efficlency of urea nitrogen for rice crop under field
conditions,
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REVIEW OF LITERATURD

Efticient use of fertilizers i3 a subject of
utmost importance in practical agriculture. It chonne-
1limes the resources invested in sining, sanufacture and
aoveszent of fertilizers to the wost productive use, The
aptimup ubilization of factors easentisl for crop produce
tion include not only the judicious use of evailable
resources Without affecting the long run interest of
humanbeing but also meking it an econsmically viable
propasition (Xhaddar et al, 1987),

Mtrogen is & mobile nutrient and is lost fron
uncroppad as well as cropped lands through several
mechanisxs., At presont the fertilizer efficiency of
nitrogen is only about 49 4o 60 percent and ia gudded
by the soll conditions, hydrology, crop and varietlies
grovn in addition to the nature of the nitrogen carrier
fartilizer. Recearches gll aver the world are being
undertaken to retrieve the 1losa mechanism and recommend

wathads to imprave the efficiency.

2,1 Logses and racovery of applied nitragen

About 40 percent of the applied nitrogen is lost
from the s0il through volatilizetion as apmonias, run off



and leaching losges of soluble nitrogen fractions, nitri-
fication, denitrification under floocded conditions, fixa-
tion as non-exchangeable zmmoniua and bislogical immobie

lizetion by 251l microorganisms.

Hecvy losses of nitrogen through m-l_,; volatilization
from surface applied nitrogenous fertilizers have been
reported by meany scientists from India and abroad (Bzasleo
and Gongwar, 19763 Aulakh et al. 1984; Fedrazzinl and
Tarsitsno, 1986; Balwinder Singh and Bajwa, 1987 and Reo,
1987).

Danttrification loss of uineral nitrogen has been
studied in detall by many scientists {Smith and Tiedge,
1979; Terry et al. 1985; Yaomsns and Bremner, 1985),

Studies on leaching loss of fertilizer nitrogen
have been made by several acientists (Saits and Neptuns,
1976; Goh and Haynes, 1977; Bengtson, 19793 Aplatauver,
1979 and Sahrawat, 1982).

Padmaja end Koshy {1978} reported that on draining
the surface water on the sane day of fertilizer applice-
tion, upto 70 percent of the applied nitrogen ig lost in

runoff water.

Logs of aitrogen through biologtcal and chemical



imnobilizatisn was studied by Craswell and Viek {1979).

The recovery of appiied fertilizer nitrigen from
conventional fertilizers is quite low, Average recovery
of only 10 to 50 percent by rice plant has been reported
by meny workers {Prasad and De Datta, 1979; Mahapatra ¢t al.
1980; and Cao et al. 1984), Houng and Liu (1979) based on
pot trials with 15N enriched emmonium sulphate obtained
20 percent recsvery from basal application, 40 pertent
fron topdressing at tillering, 60 to 30 percant from top-
dressing at young panicle stage and 40 to 60 parcent frog
application after heading stage.

In a f£leld trizl where rice CV. MAS 2491 was grown
»n a sandy loam river soil under vetland condition and
supplied with 80 kg ¥ ha"1 by broadcasting or desp place-
ment, only 26 perecent and 35 percent of applled nitrogen
was recovered in the grain and 18 percent and 23 percent
in the atraw with broadcasting and deep placement, res-
pectively {Ayatode, 1980).

Plmmt recovery of applied nitrogsn is dependent
on factors such as natural conditions of the s»il e£s well
as climatic and cultural practices {Le Datta, 1577).

2.2 Pogeibilities for increasing H-use efficiency

Several gethods were tried by scientists for



sugmenting the efficiency of fertilizer nitrogen, The uge
of urease and nitrification inhibitors as well as alow-
release nitrogen fertilizers are the wost important methoda

smong them,

2;2.1 Applicability of urease inhibitora

The rapidly increasing importance of urea a2z a
nitrogenous fertilizer in world agriculiure has stimulated
research to find coapounds that will retard hydrslyais
of fortllizer urea by so0il urease with a view to reduce

the problems encountered in the use of this fertilizer,

Application of urease inhibitors is intended to
reduce mguonia volatilization and immobiilzatisn by
delaying ureahydrolysis until the urea has been leached
into the goll profile by rainfall or irrigation., These
compounds have received considerable attention in recent
years 8s & peans to increase the efficiency of appiled

urea and urea=ammonium nitrate solutions,

, 411 of the compounds evaluated as urcase inhibiltiors
fall into the following calegories. The first group of
substances inhibit urease activity by blocking essentisl
sulf=-hydryl groups at active sitea on the enzyze. Hetal
lons tncluding Ag®, Hz®® mnd Cu®® bolong in the firs:



category forming the mefal-sulfide cowplex. Feterocyclic
sulfur compounds, quinones and dihydric phenols ure

efrective inbhibitors of uresse.

The second class of inhigibotrs are structural
analogues ©f urea, such as thiouresa, maethyl urea and
substituted ureas. They have styructural similariries to
urea and inhibit ureasco activity hy competing for the

same active site on the enzyie.

The mechanism of urea hydrolysis and ursase inhibi-
tion haove bheen studied in Socail by =any uorkera (Islem
ané Parvons, 187%; douli and Mc Garity, 1986; Chhonkar

and Lawlr Fal, 1987).

Ashuorth et at, (1980) have mentioned that by
adding polassivm xanthates with urea, urcase activity
can be irhibited anf the xantheotes of unsubsiilulcd
alcohols of low molecular wveight were found to Le the

kesl iphilritors of urecse,
Fartens and NDrsmner (1984) found that pnenyl
phosphorodiamidate to be an effoctive urasze inmhibitor,

Girpson 2t al. {1925) recognised phenyl phospharo-

dianidete {FID) 285 an effcctive ureasce inhibitor for
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£1ooded rice and observed that PPD addition increased
recovery of urea nitrogen in the plant-soil systea fronm
60 o 82 percent. Plant uptake of labelled nitrogen vas
incraased by 56 percent. Studies have shown that FED
addition hed allowed more ures nitrogen to be retalned
in the soil surface layer in such a way that mitrifica-
tisnedenitrification was subatantislly reduced.

Fillery and Viek (1986) studied the effects of
ammonius sulphate, urea, urca-azended with the ureese
inhibitor and phenyl phosphovodiamidate (PED) on flood
water properties concurrently as part of a field NHB-
volatilization study, The results suzggeated that nitri-
fication-denltrification pattern contributed to the total

nitrogen loss from urea.

Sen and Bandhyospadhyay (1986) studied ammonia
wvolatilizgtion from submerged rice field by ezendinz urea
with urease inhibitors, P-benzoquinone and pyracatechol.

Goos et 2l. (1385) observed that ammonium this-
sulphate (ATS) is & comnon and versatile liguid sulfur
fertilizer which has the ability to inhibit urea hydirs=
lysis in soil.

Rao and Ghai (1986) studied the effoct of hydro-
quinone (HQ), phenyl mercuric-acetate (i) and phenyl



phosphorodiemidate {FPD) at 10 percent w/w ur¢a as urease
inhibitors on wheat growth in an alkall soil, FPMA had an
inhibitory sffect and PPD increased drymatter by 38.7 pere
cont, HG end PPU increasad grain yields by 20 and 25.1
percent and N uptake by 7.4 and 1%.8 percent resgoctively.
HG incresged tatal drymatter by 11.1 parcent also,

Bremner and Chal {19286) found that Nebutyl phospho-
rothiole triamide {MNBPT) is considerably more effective
then phenylphosphorodiamidate (PFD) as a $9il uresse inhie-
bitor, It is seen that the inhibitory effect of HEPT on

801l uraase incressed markedly with the amount of NBFT,

0'Connor and Hendrickson (1987) conducted laboratory
incubation studies and showed that phenyl phozsphoradiasmidate
is eble %o inhiblt urea hydrslyals ond control esmonia

volatilization lomses at 1ow temperatures.

Arora et al. (1987) observed that addition of calcium
cyanaside to urea dels’yad smmsnification of urea and increesed
recovery of inorganic nitrogen from 64 %9 87 percent,

De Datta {1387) reported thst phenyl phoephoroe
diamidate can be effectively used to delay urease aetivity
in flsoded rice soils,



2.4 Hineralisation of a

When urea nitrogen is applied to sgricultural lend,
it is rapldly transformed to BH,“=N through hydrslytic
decompositicn by the urease enzyze and later subjected

to nitrification.

Urcase actlivity iz restricted to a snall group of
urea bacteria eventhough, many non-specific miersorganisas

are active in producing the enzyue ureane,

Usually ureolysis is considered %o occur in the
immodiagte soil surface where urease 18 assoclated with
viable microorganisms and an extracelluler molety adsorbed
on moribund cells and so5il colloids, Subsequent reduction
of losses of nitrogen by volatalization depends on move=
ment of both urea and ammonium below the soil surface

where effective adsorption can occur,

Urease activity in soils &8s known to vary with
ilocation, depth, seagon mnd forms of nitrogenous fortiw-
lizers ueed {Bhavansndan and Fernando, 1970).

Zaintua end Bremner (91976) have mentioned that
a0il constituents protect urease sgeinst microbial degrae-
dation and other processes leading to their inactivation
of enzymes and every soil has s steble level of urcase
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activity devermined by the ability of itz constituonts to
provide tea protection.

About 57 to 82 percent of added urea nltrogen was
mineralised within one day of incubation in fine soils,
Host of the applied urea nitrogen was hydrolysed within
one day of incubation in saline, non-saline, heavy amd
light soils and wajor portion of the loss of uree~lii occurred
immediately sfier sddition {Sankhayan and Shukls, 1978).

Bremer and Mulveney (1978) reported that urea was
hydrolysed to coz and HHB by the enzyme urea gaidohydrolase
which acts sn non~poptide C-¥ bonds in linear avides,

More and Varade (1982) observed that 65 percent of
applied ursa nitrogen was hydrolyzed within two ts four
days at varisus moisturs potentiala.

Pargoqui (1993) found that the hydrolysis of urea
under flooded conditions was completed within eleven days
after application.

Baruah and Mishra (1984} have repsrted that uresss
activity was generally higher fu flosded rice soils than
in upland rice soils.

Yadav end Shrivaestava (1987) reported that applied



urea nitrogen was hydrolysed completely within one week
in & sandy loam soil.

2:5 Inhibition of Nitrificetion

Agriculzurally thers may be some advantages &n
meinteining mineral nitrogen in the soil as admonium
‘becsuse both uitrite and pitrate ere susceptible to loss
by leaching and denitrification {Gasser, 1979},

Keeping the nitrogen in the root zune is of course
one means vhareby, efficiency of recovery mey 'he increased.
Kitrate ion is nobile while ammonium ion is immobile 4n
the soil. Therefore, if the smmonium fon is allouwed to
remain in the rastzons, the 1lnss of minersl nitrogen can
be reduced., HNitrification imbibitors, which are toxlc
t5 the nitrifying hacteria way psve way to achieve thia.

Hany cheamicals have besn tesied in recent years
for thelr ability for selactively inhibiting nitrifice-
tion in asils. Thoge tested include pubstituted pyridines,
pyrinidines, scetanilldes, anfilines, isothlocyanotes,
derivatives of urea and low cost indigsnous moterials
such B8 non-edible ollcakes, The officiovncy of some of
the commonly used aitrification inhibitora are reviewed
hereunder,



a'

225.1 Substituted Urese
It hes baen reported that triascines sueh as cysnuricacid,
srmelide, oameline and molamine wora cffective in increasing

nitrogen ure afficienty.

wuller {1963} #Zound that thiouresa epplied at tte rate

of 56 ko i ot

10 clay loem and sand gave & highor yield of
rarcly ao caspared to srmonium sulrhote and showed & worked

residual ¢ffects

Scheffer ot al, (1864) found €hat "yrea=7 comrounds®,
eonsicting of sttylensdlurca, Zesthylose - 3=urce and

athyloures increezed the grain yields.

Cageley and Luckwill (1965) obocrved that moncuron
(11 = {eChlorophenyl) = 17, li=dimothylurea) prevesnted
nitrificaticn, followed by neburon {8 butyl « & {3, ¢ -

Sickloronhonyl) -~ ¥ mothyl urea) at 4.8 prno,

InLternetional Rice Commigsion (1968) reprorted thot
in pot expocrirents I2NU gave 12 porcent highor woight of
panicles oo compared 0 urea perses, They have also chown
thet thiourey treeted with asronivmsulnhute gave 18 porcent

highar yicld of rice cvor untroated arseniuvm sulphate.
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oundy and Gremmor  (1973) observed thot le=anmidine =

swthicures was offective as aitriflicotion inhibicer.

3t 1s repoviog thal thicuzes wen akle o inhibit
nitrification of 0oil nicrensn ond of gided arropium salis

{Khandsiuval, 199% ond Malhl onft Xyhorn, 1974,

Gunesens <t al. (1979) chowed that sulphur costed
uron can be effectively usced for incrc.ring ¥ ure

efficlancy.

Stepanev {1984}  found thet replocement of pert of

the uyrgz hy urca ferraldehyde fortiliver in thoe overald
IR fortilisor corposttion rooculted in o roduction in the

loss of coll nitrogen end alce loss from feriilizers chrough
donitrificstion.
Sabota rnd Sharmo  (3083) resoited thint dlmetryluroa

wry beving nlipificotion imtdbition proreriyv.

Yadvindrr {ingh and Deducherp {2905) renoricd that
negted vreaprills wore peliotsing nitrificetion inhibicory

nropIrEy.

Fengedl ot at, (18£6) roeported Lhet locelizing
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urea in a pest praduced both its rate of hydrolysis and
subsequent nitrification and recsvery of added nitrogen

was increased.

2;5.2 Neen (Azedirachta indica. Juss.) - fesd praducts

High cost and limlted availability of chemical
nitrification inhibitors preclude thelr large sczly use.
Hence some of the emsily aveilable, low cost indigencus
materials, have been extsnsively tested for their nitri-
fication inhibitory property.

The miorabicidal actisn and non-edible character,
which ere ascribed gainly to the presence of some non-
fatty minor constituents of the various ollcakes, drew
the attention of scientisis gearching for cheapsar acurces
of nitrification inhibitors,

The nitrifiable properties of non-edible ollcakes,
particularly neem, keranja, msaroti and ashua hove been
studied by many scientists (/Anjanilys Sharwa, 1972
Droupathi Devi et al. 1975; Jain et al, 1980; Vijayechandran
and Premsdavi, 1982},

Chatterjee et al., (1573} ghowed that costing of
urea with indigenously available fTesh noemzcaks vaa effece
tive in increaesing grain yleld viz. 12,5 kg grain per kg
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of nitrogen as against 9.2 kg with urea alonz at 100 kg
nitrogen par hectare,

Oommen ot al, (1977) found that proteln percentage
of paddy grain wes increased by neeaceke blended wurea.

Sivaraj (1978) recorded an increase in seed cotton
vield with neemcake blended urea.

Subbiah et al. (1930) noted that urea mixed with
neemseed gcrush and noemcake extract incraased grain ang

stravw yields in rice crop.

Rajkumar and Sekhon (1981) reported that nesmgseed
cake was eflective in inhibiting nitrification =f applied
nitrogen and incressing the yield of lowland rice in four
types of soils; viz., loamy sapd, sandy loam with slkaline
phese, sandy 501l and loamy soil,

Babu Mathew (1985) found that nitrogen recovery
percentage was the highest when neemcoated urss was applied
in paddy.

Huneshwer Singh end Singh (1996) cbtained in lysi=
meter experiments with nesmcake blended urea, reduced
leaching loss of pitrogen, incressed grain yisld and N
uptake by wheat compared to urea porse.
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Avasthe and Mishre (1957) reported that sppilcation
of necmeake coated urea was effective in increesing the
grain vields snd nitrogen upteke in rics crop under sube

marged conditions.

25,3 Other materials effective as nitrification
inhibitors
It is found that diazinon, dithane, ®RIC, FCP, Vapam,
sodium chiorate, dicyandiaaide, mangb, sodium azide, riogen,
icdoacetic acid and 2-mercapts lnidazoline, all ars effacw
tive as nitrification inhiditors,.

Peachke (1583) studied the N~dynswpic procesges in
the 5oil and compared salls on the hiasig of niirifteation
delay percentage and found dicyandiemfide as an effective
nitrification inhibitor.

Sutton et 21. (1953) reported thet addition of
nitrapyrin and etradiszol to ganure increased malze

yields, compared to aanure application with no inhibitor,

From pot and field expsriments, Chen awd lu (1985)
showed that the inhibitory effect of calecium cyanamide on
nitrification in rice soils wes greater than that of
dicyandiamtde under waterlogged conditions.
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Walter ot al. (1986) studied the effect of
tecarbamoyl « 3 (5) ~ methyl - pyrazoie (C1P) and nitra-
pyrin, The nitrification proceas vas considerabvly delayed.

Magalhaes and Chalk (1987) found that nitrapyrin
decraased HOZ"- accunulation and prevented jlosses of mineral
nitrogen as H, N,0 and K Mnd,-H. Shaviv (1987) found
dicyandienide to be an effective nitrificstion inhibitor,

2,6 Stage of inhibition in ths mineralisation of ures

Selective inhibition of Nitragomonas sp by neemceke
was reported by Mishra et al, (1975). HNair and Sharza
{1976) found that activity of Hitrassgonas sp was at its
pealkt on the 22nd day end that of Hitrobacter sp on 42nd
day of fertilizer application.

Sathianathan (1982) found that inhibition of nitri-
fication took place at the NH,*-N oxidation step mediated

meinly by Nitrosomones sp and Nitrosococcus sp and not at
nitrite oxidation step.

2.7 Period of retention of Ny, *~N in soil

Reddy and Frasad (1975) found neeucske ss effective
in retarding nitrification of uraa for two weekas,



In a laterite =0il kept in e wdist aerobic condi-
tion, NH,~N showed en increase during initial stsges,
which dropped sharply in 20 days and then gradually upto
70 days of lncubation and H{);-N content vwas found %o

increass with time (Biddappsh and Serkunem, 19797,

Subbiah et 2l. (1980) observed that blending of
urea with neemgake significantly increased P«“xih"-.\i sn 10th
day which gradually declined on the %0th day due to its

conversion to NOB"-N in rice soils,

Sathiznathan (19682} found that urea-neemcake at
5:3 ratid recorded maximum accumulation of NHA*-N on 12th
dey in redloam upland soll and then showed faster decrsase,

accospanied by an increase in ma"-u cotent,

Thoaas and Prasad (1933) raported that the inhibition
of nitrification of uree by neemcake was maximun by the end
of fivat week in aliuvial and blackcotton solls; and by the

end of second week in laterite and acldsulphate zolls,

2.8 Incress the vield and N-use efficiency for wetland
rice
Lowland rice projuction is unique; Flodding imposcs
& completsly different chemical regime on the =0il and
nutrients. Rice grows under field conditions varying from
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flosded to well drained. In fields subjected to octasional
flooding, the situation is wuch worse. fere the ammonium
or amide nitrogen gsts ample opportunity to get oxidized
while the fields are drained. After flooding, the reduced
conditions are cresated and the nitrates get denitrified.

Prasad et al. {1970) obtained Aincreased rice ylelds
by 600 to 700 kg ha™! in a f1e1d experiment with wetland
rice using N serve, AM and IBDU,

Bains et al, (1971) reported that there was increase
in panicle length, ruaber of grains per panicle and increasad
yvield for neemcake treated urea under normal Lrrigation
schedule,

Arunachalan and Morachen (1974) found theit none
edible oilcake extracts treated urea wers effective in

increasing thousandgraln weight in rice crop,

Sivanappan et al, (1974) aleo obtained increasad
thousandgrain velight.

Shiga and Ventura (1976) reporied that avoilable
nitrogen in the 80il plays & crucial role in growth snd
yield of rice plants,

Incremsed nitrogen availability showed siznificant
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effact on plant nitrogen content and totsl nitrsgen uptake
as compared o no applicstion of nitrogen, and thic effect
is guite expeacted in rice where inorganic fertilizaticn
contributes sizeably to the niirogen content in plonts
(¥han and Pathak, 1976 and Talhe et al. 1981).

Sharza and Pragad (1980) obeerved that naencake
coated urea at 100 kg N ha'1 vwas more effective in increasing

peddy yields than urez par-se,

Jedhev et al, (1983) reported that apnlication of
75 kg N ha'1 as nesmcoke coated urca gave higher paddy

yields than 100 kg N ha” | as prilled urea,

Mehendra Singh and Yadev {1985) observed that
coating of urea with neemcake and sulphur was highly bsne-

ficial in improving J-recovery and rice ylelds.

Jovindasany and Kallyappa (1985) found thet 5 use
efficlency of lowland rice with application of noecncske

blended urca was significantly superior to prilled urea,



Matecials and Wethods
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MATERTALS AND METHODS

An investigation was carried out fto find the most
desirable level and combination of unsymmetrical dimethyl
urea (UDMU) and neemcake (NC) as urease/nitrification
inhibitors, to increase the N-use efficiency of urea and
produce the maximum yield. The study was conducted by
estimating the rate of nitrification in the soil and crop
performance in relation to different levels and combina-

tions of UDMU and neemcake under field conditions.

Experimental details

A fleld experiment was laid out in the wetland at
Palappur area, on the western side of the Instructional
Farm, College of Agriculture, Vellayani, taking paddy as
the test crop. The experimental site was under a bulik
crop of rice during the previous two seasons and the trial

was carried out in the first crop season, 1987.

Desien and treatments

The experiment was laid out in simple randomised
block design with ten treatments and three replications,

The layout plan of the experiment is given in Fig. I.
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The NPK dose for all the treatments were 90:45:45 and
nitrogen was given in the form of urea.

Treatments Materials added Dose
T, Urea alone 90 kg N e
T, Urea + UDMU 90 kg N ha~' + UDMU (1/10th
of urea}
T Urea + UDMU coated 90 kg N ha™' + UDMU (1/10th
of urea)
T, Urea + UDMU 90 kg N ha"t . UDMU (1/5th
of urea)
T, Urea + UDWU coated 90 kg N ha™ + UDMU (1/5th
of urea)
Tg Urea + Neemcake 90 kg N na~! + Neemeake
(40 kg ha-q)
T, Urea + UDMU + Neemcake 90 kg N ha™' + UDMU (1/10th
of urea)
+ Neemcake (40 kg ha'1)
T Urea + UDMJ coated 90 kg N ha~! + UDMU {1/10th
8 of urea)
+ Neemcake
+ Neemcake (40 kg ha™ ')
Ty Urea + UDMU + Neem~ 90 kg N na~! + uoww (1/5th
cake of urea)
+ Neemceke (40 kg had1)
T4g Urea + UDMU coated 90 kg N ha~! + UDMU {1/5th

+ Neemcake

of urea)

+ Neemcake (40 kg ha'1)




25

Size of the plot

Gross plot size 4,2 x 2,7 m

Net plot size 34x2.1m

Spacing 20 x 15 cm

Yariety The rice variety used for the experiment was

Jaya; which is a medium duration variety of

about 120-125 days.

Seeds Paddy seeds obtained from Cropping Systems
Research Centre, Karamana was used for the
experiment, which showed 90 percent germina-

tion., A seed rate of 80 kg ha™ was adopted.

Fertilizers

Urea, Superphosphate and Muriate of Potash
were used as the sources of N, P and K, analy-
sing 46 percent N, 16 percent P205 and 60 per-
cent K20 respectively.

Urea was applied in three split doses. Superphos-
vhate and Muriate of Potash vere given as per the package
of practices recommendations of the Kerala Agricultural

University (Anon. 1986).
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UDMU and neemcake

Unsymuetrical dimethyl urea {(UDMU), used in the
present study, 1s an intermediate material obtained during

the manufacturing process of propellents for rockets.

Structural formula is CH3
N - CO - NH

cny”

3

2

Molecular weight — 88

UDMU used in the present study was supplied by the
Chemicals Division, Vikram Sarabhal Space Centre, Thumpa,
Trivandrum. Neemcake was purchased from the local market

at Trivandrum.

UDMUJ was used for the experiment a2long with urea
as mixed and in the coated form. Coating of UDMJ over
urea was done as follows. UDMU was made into a slurry
and sprayed over urea and allowed to dry to give a proper
coating over the granules before application. Neemcake
was finely powdered and mixed with urea granules, prior to

soll application.

UDMU was applied along with urea during the three
split applications at the rate specified for each treatment.
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Neemcake was added at the rate of 40 kg ha‘1,

Cultivation details

The nursery area of 60 m2 was ploughed well and

raised beds of 1.5 m width and 15 cm height were prepared
with drainage channels in between. Sprouted seeds were
broadcasted uniformly on 6th June 1987. Irrigation was
commenced on the 5th day after sowing and depth of water
level was mailntalined at 5 cm depending upon the growth of
the seedlings,

Mainfield:- The main fleld was ploughed twice and plots

of 4,2 x 2.7 m were laid out with ten plots in each of the
three blocks. The blocks and plots were separated from
each other with bunds of 50 cm and 30 c¢m width respectively.
Irrigation and drainage channels were provided for all
plots. Cowdung was applied at the rate of 5 t ha~! and

incorporated with the scil.

Twentyfive day old healthy seedlings were uprooted
from the nursery and transplanted in the mainfield at a
spacing of 20 x 15 cm with two seedlings per hill. Trans-
planting was done on 2nd July 1987, Ten days later gap-
filling was done wherever necessary. A water level of
1.5 cm was maintained initially and later increased to

5 cm.
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The plots were handweeded twice on the 23rd day and
40th day after transplanting. One spraying with Ekalux
(0.025%) was given to the crop at tillering stage against
gall midge. Later at milking stage metacid (0.05%) was

sprayed as a prophylatic measure against ricebug.

About ten days before harvest the field was drailned.
The field was harvested at full maturmty collecting the
produce of net plots and borderstrips separately. From
threshed, cleaned and dried produce weights of grain and

straw were recorded separately for each net plot.

5.1 Biometric studies

The f£ollowing cbservations to the growth and yield
characteristics of the crop were recorded from each treat-

ment.

One squaremetre area of plants were marked out in
each plot and set apart for taking observations.
1. Plant height at flowering stage and after harvest,

2. Number of tillers per squaremetre area at the panicle

initiation stage.
3. Number of earheads per squaremetre area.

4. Net plot grain yleld.



Table 1 Characteristics of the Soil

A Physical Characteristics

B Chemical Characteristlcs

1) Particle size distribution

a) Coarse sand (%) 31.40
b) Fine sand (%) 20.60
¢) 8ilt (%) 21.40
d) Clay (%) 25.20
Textural Classification - Sandy
clay loam
2) Bulk density 1.62 g e
3) Particle density 2.4 g e
4) Pore Space (%) 51.7
5) Volume expansion
on wetting (%) 4,23
6) Water Holding 32,53

Capacity (%)

1) Soil Reaction (pH)
2) Electrical conductivity
=1
(mmhos cm~ )

3) Organic matter (%)

4) Total nitrogen {%)

5) Total phosphorus (% P205)
6) Total potassium (% KZO)

7) Total caleium (% CaO)
8) Total magnesium {% MgO)
9) Available nitrogen

10) Available P05

11) Available potassium

12) Exchangeable calcium
(me/100 g)

13) Exchangeable magnesium
(me /100 g)

14) Cation exchange capaclty

4.2
0.08

0.85
0.064
0.09
0.037

0.047

0.105
156.8 kg pa™t
35.84 kg ha” |
53.76 kg ha™"

1.9

0.32

5.9 ¢ mol kg
of soil

1

63



30

5. Net plot straw yileld.

6. Thousand grain weight.

2.2 Chemical Studies

.2.1 Soil Analysis

Composite soil samples were collected from the
experimental site before starting the field experiment

and analysed for nutrient status.

The soil sample was airdried in ghade, ground with
wooden mallet, sieved through 0.2 mm mesh and screenings
were collected and stored in labelled stoppered glass-
bottles. The soil was analysed for the following physico-
chemical characteristics and the data are presented in

Table 1.

Y. Mechanical Analysis:- The mechanical composition of the

soil was determined by International Pipette Methed after
oxidation of organic matter with hydrogen peroxide.
Cementing agents were removed by treating with HCI and

dispersed with sodium hydroxide {Piper, 1967).

2, So0il reactiong:- The soil pH was measured in a 1:2.5

8911 water suspension using a photovolt pH meter with a

combined glass/reference electrode.
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Electrical conductivity:- Specific conductlvity was

determined in 1:5 soil water extract using an Elico Soil
Bridge.

Cation Exchange Capacity:- CEC was determined using

neutral normal ammonium acetate {(Jackson, 1973).

Physical Constants:~ This was determined by the method
of Keen and Raizkowskii (Wright, 1938),

Organic_Carbon:~ Organic Carbon was estimated by the
Walkley and Black's rapid titration method (Jackson,
1973).

Total Nitrogen:~ Total nitrogen status of the soil was
determined by the microkjeldahl digestion and distilla-
tion method (Jackson, 1973).

Total Phosphorus:~ Total PZOS was determined by

Vanadomolybdophosphoric Yellow Colour Method (Hesse, 1971).

Available Phosphorus:- Available phosphorus was estimated

by extracting the soil with Bray No.I extractant (0.03 N,
NH4F and 0,025 N, HCI) and thereafter developing Chloro-

molybdic acid blue colour and reading in Klett Summerson

photoelectric colorimeter using red filter (Jackson, 1973).
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Available Nitrogen:- Available nitrogen content of
soil was determined by the alkaline permanganate method

(Subbiah and Asija, 1956).

Exchangeable bases

Available potassium: By Neutrel normal ammonium acetate
extraction method using EEL Flamephotometer (Jackson,
1975).

Available calcium: By Neutral normal ammonium acetate
method using Perkin Elmer 3030 AAS and the spectrum of
absorption was determined at a wavelength of 422.7 nm
(Jackson, 1973).

Available magnesium: By Neutral normal ammonium acetate
extraction method using PE,3030 AAS at a wavelength of
285.2 nm (Jackson, 1973).

3.2,2 Perlcdical Analysis of Soil Samples

From each plot wet soll samples were collected

periodically starting from the day just before fertilizer

application and continued on 1st, 2nd, 3rd, 4th and 5th

days after fertilization. Soil samples were collected at

the above interval for all the three split applications

of fertilizers during the experiment.



Soil samples from each treatment were kept in

separate plastic bags for analysis,

Moisture percentage of each socil sample was deter-
mined and the fractionation of each soil sample for forms
of inorganic nitrogen was done immediately on the same day
of soll collection itself to study the mineralisation

pattern of urea in the various treatments.

1. Determination of Moisture percentase of soil

20 grams of wet soll from each sample was taken
in a container and dried in an air oven at 105°C o con=-
stant welght. Molsture percentage was calculated from

veight loss,

2. Egtimation of Urea Nitrogen

Colorimetric method using diacetylmonoxine solution
and acid reagent and determined at a wavelength of 525 nnm

(Dougzlas and Bremner, 1972).

3. Estimation of Smmonia Nitrogen

KCI extract of soll sample was prepared and after
nesslerisation, NHﬁ*-N was measured colorimetrically using

blue filter (Jackson, 1973).
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L, Estigation of Nitrate nitrogen

Calcium sulphate extract of the solil sample was
prepared and NOB"—N was measured colorimetrically by
phenoldisulphonic acid method using blue filter (Keeney
and Nelson, 1982).

5, Egtimation of Nitrite nitrogen

N02”-N was colorimetrically determined using green
filter by standard Griess-liosvay method with sulphanilie

acid and o -naphthyl-amine reagents (Black, 1968).

3.3 Rate of nitrification and inhibition percentage

Rates of nitrification were computed from the con-~

centrations of NH4+-N, NOZ'—N and NOB--N at different

periods of fertilizer application of the soll samples from

each experimental plot.,

N02 =N + NO3 =N]x 100

Nitrification Rate (%) =
+ - -
NHA =N + NO2 =N + NO3 -N

(Sanrawat, 1980)
Nitrification inhibition percentages under different

treatments were also calculated based on the following

formula (Sahrawat, 1980),.



35

Nitrification rate (%) Nitrification rate (%)
in the untreated urea =~ in the UDMU/NC/AUDVNU + = 100
plots NC treated urea plots
Percent
Inhibition =

{Nitrification rate (%) in the untreated urea
plots)

3.4 EPElant Analysis

Marked plants from each treatment were pulled out
at different stages of crop and analysed for total nitrogen
separately with leaves and roots. Total nitrogen in straw

and graln also were estimated after harvest.

The graln, straw end root samples from each plot
were kept in separate paper bags and dried at 60°C in an
air oven. These samples were powdered separately in an

electrical grinding mill and used for chemical analysis.

Total nitrogen contents of the straw, grain and root
vwere determined by Modified microkjeldahl method (Jackson,
1973},

3.5 N uptaske studieg

The total nitrogen uptake of the crop at different
stages was computed for each treatment, based on N content
in the straw, grain and root and ailso from their dryweights
regpectively.
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3.6 Statistical Analysis

The data generated from the £ield experiment and
laboratory studies were analysed statistlcally aud the

results vere obtained.

Data relating to vaerious bilometric characters were
analysed statistically £olliowing the methods of Snedecor
ond Cochran (1967). For the mineralisation studics, soil
samples were drawn st varisus periods from the experimentsl
plote after applicatisn of fertilizers. These soil samples
were analysed pepiosdlcally to estimate forms of inorganlc
nitrogen in the e3il and hence the statistical analysis

was done as f£olliows (Gomoz and Gomez, 1984).

Analysis of variance

Source of variation Degrees of freedom
Replication 2
Treatment (T) 9
Error (1) 18
Stages (S) 2
T=xS 18
Error (2} 40
Total €9

Iuportant correlations were alss worked outa



Results
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RESULTS

This chapter presents the various results obtained
in the investigation, The experimental data and the
biometric observatlions made on rice crop at various growth
stages were subjected to statistical analysis and the
results were recorded. The salient findings of the experi-

ment are presented below.

4.1 Perlodic Soil Analysis

Soil samples were peyilodically collected from the
experimental plots for analysis a day before the applica=
tion of fertillzers, immediately after fertilizer appli-
catlon, on the same day and after one, two, three and
four days. Soll szmples were drawn at the above interval
after the basal application and the first and second top-
dressings. The fractionation of each scll sample for
various forms of inorganic nitrogen was done immediately
after collection to study the release pattern of nitrogen

in the various treatments.

4,2 Mineralisation pattern of Urea + (UDMU/NC/UDMU + NC)
blends during basal application of fertilizers

4,2,1 Urea mitrogen

Table 2 contains the mean values in ppm of urea-N
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in the various treatments immediately after fertilizer
application and thereafter one, two, three and four days

interval.

On studying the data in the table, it was seen
that, the mean value of urea-N with respect to the control
plot (T1), dropped from 13.12 ppm on zerc day, to 2.78 ppm
on one day after manuring. This is equivalent to a fall
of 79 percent in the urea-N content of the zero day. T6
(urea + neemcake) showed a reduction of 78 percent in
urea-=N. On the other hand, corresponding reduction in
the urea~-N for T2 was 57.5 percent. The values showing
fall in urea-N content for Th, Tg and Ty were 51 percent,

50 percent and 48.5 percent respectively.

On the second day of manuring, TH showed a total
reduction of 90 percent and T6, 86 percent. Correspond-
ing decrease with respect to the treatments Tz’ T3, Th
and T5 was 74 percent on an average and for T, it was

%
73 percent,

The residusl urea-N contents ascertained on the
3rd day were 3,5 percent of that of the first day in the
contrel plot and 3.75 percent for T6 With respect to

the treatments T2 T3 and Th the respective values were
’ 1]
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17.5 percent, 14.7 percent and 16,2 percent. The residual
urea=-N for T7 and T9 were 16 percent and 16,8 percent

respectively on the third day of fertilizer appliocation.

Analytical data on urea-N for samples collected
on the 4th day of manuring revealed that hydrolysis of
urea was almost complete in T, (99.8 percent) and T
(99.76 percent).

In contrast to the above results, the values on
the amount of urea hydrolysed for T2 and T4 were 97.2
percent and 96.3 percent respectively, The corresponding

values for T7 and T, were 96.7 and 96.2 percent respec-

9
tively.

Split plot ANOVA Table for the urea=N contents
of the experimental plots is given in Appendix I a, Based
on the ANOVA Table, the rate of urea hydrolysis in the
various treatments on each day of sampling were assessed

with respect to its urease inhibition property.

T (Urea + UDMU (1/5th of urea + neemcske) was
found superior with regard to urease inhibition, However
it was found that TB, Tg and T10
were statistically on par and less efficient than T10

were on par. T5 and T7

T2 follows T7’ and ‘I‘2 was statistically on par with T3



Table 2 Urea-N content (mean values in ppm) in the experimental plots
during Basal Application of Fertilizers

.

Immediately
Treatments after 1st day 2nd day 3rd day 4th day
application
T 13.12 2.78 1.34 0.46 0,03
T, 13.79 5.90 3.60 2.39 0.38
Ty 13.70 6.20 3.51 2.01 0.47
T4 13.86 6.80 3.61 2.22 0.51
Ty 13.90 6.24 3.64 2,13 0.50
T6 13.21 2,98 1.92 0.51 0.03
Iy 13.82 6.09 3.61 2.21 0.46
T8 13.80 6.95 3.60 2.24 0.51
T9 13.92 7.21 3.7 2,33 0.53
Ty 13.82 6.68 3.64 2.20 0.51

)4
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T, was found inferior to T3 The control plot (T1)

showed the lowest urease inhibition.

The data on urea-N content for the treatments

during the sald period is graphically represented (Fig. 2).

From the graph it is clear that urease inhibition
is maximum for Tg_ T4 followsa Tg, T7 1g less efficient
than Th. With respect to inhibition of urease activity,
T6 was seen inferior to Tz' Rate of hydrolysils of urea

is rapid for the control plot (T1).

4,2.2 Ammonia Nitrogen

The mean values of NH4+-N in the s0il samples for

the various treatments were tabulated (Table 3).

On appraisal of the data, it can be found that
NH4+-N values in ppm for T, were 0.32, 7.35, 2.92, 2,01
and 1.92 the zerc day, 1st, 2nd, 3rd and 4th days res-
pectively. Corresponding values for T6 were 0.32, 7.19,
2,99, 3.6 and 2.64, With respect to the plots treated

with UDMJ, the NHJ-N values obtained for T, for the

2,
zero day, 1st, 2nd, 3rd and 4th days were 0.35, 5.3,
6.4, 5.3 and 5.25 respectively. The respective values

for '1‘4 were 0.33, 5.26, 6.64, 5.46 and 5.43. With regard



to T. +the corresponding values were 0.36, 5.33, 7.05,

9,
5,60 and 5,29 respectively.

The control plot showed a rapid rise in NH4+-N
content on the day after fertilizer application ltself,
followed by a sudden fall during 2, 3 and & days after.

A similar trend was observed for T6 also.

On the contrary, in the UDMU treated plots the
release of NH4+—N showed a slow rate. The value reaches
the maximum on the second day and thereafter it shows a
glow decreasing rate of ammonification. On the 1st day
there was an ilncrease of 7.02 NH4+-N in T1 and 6,99 ppm

in T6 The corresponding values for T T8 and T

2, Ts, 10

were 4,95 and 5,08, 4.9 and 5.0 respectively.

On the 2nd day of manuring, the NH4+-N contents
in T1 and T6 were decreased by 4.43 ppm and 4.2 ppm res-
pectively. In contrast to this, the UDMU treated plots
showed an increasing trend. With respect to the treat-
ments T3, TA, T7’ Tg,and T10’ the values of lncrease in
NH4+-N contents were 1.16, 1.38, 1.32, 1.72 and 1.46 res-~
pectively on the 2nd day.

The NH4+-N values obtained orn the 3rd day of

manuring with respect to T, and T¢ were 2.01 and 3.6

42



Table 3 Ammonia Nitrogen status (mean values in ppm) in the experimental
plots during basal application of fertilizers

Treatments i?gzii:;;ﬁ- 15t day 2nd day 3rd day 4th day
cation
T1 0.32 7435 2.92 2.01 1.92
T, 0,35 5.30 6.40 5.30 5.25
Ty 0.32 5.24 6.46 5.29 5.24
T, 0.33 5.26 6.64 5.46 5.4%
Iy 0.35 5.43 6.68 5.58 5.36
T 0.32 7.19 3.0 3.60 2.64
T, 0.38 5.26 6.58 5.57 5.32
Tg 0.36 5.26 6.27 5.49 5.20
Tqy 0.36 5.33 7.05 5460 5.30
Tq0 0.34 5434 6.80 5.39 5.24

94
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T
respectively. For the treatments TZ, T&, T5. T?, 8

and T, the NH4+-N values were 5.3, 5.46, 5.58, 5.49 and

9
5.6 respectively.

Four days after fertilization, the NH, -N contents
for T1 vas 1,92 ppm and the respective value for T6 vas
2.64 ppm. With respect to the treatments T, T, Ty T

14 ? 5' 7
and T, the corresponding values were 5,25, 5.43, 5.36,

9,
5.32 and 5.29 respectively.

Split plot ANOVA Table for the NHh+-N contents

during the said period is given in Appendix I a.

Comparing the treatments based on NH4+—N content,
Tg was found to be superior, Treatments TS, Th, T1O and
T7 were statistically on par. Besides, T3 and T2 were
also on par. T6 was much inferior to T, and the control

plot (T1) was found to be having the lowest performance.

The data on NH4+—N content of the treatmemts are

graphically represented (Fig. 3).

It was observed that NH4+—N status reaches the
maximum value on the first day for the control plot (T1)
and thereafter decreases rapidly. T9 was seen superior.
T4' T,7 and T10 were found statistically on par. Retention
of NH4+-N in T6 was found better than that of T1_
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Fig., 4 furnishes the data on NH4+-N content after
basal application of fertilizers graphically represented
in a different way, with the ten treatments plotted on the

X-axis and NH4+-N values in ppm on the Y-axis.

On the first day the value of NH4+-N was seen
maximum with regard to the control plot. T6 also recorded
a higher value for NH;-N on the first day. But with
respect to the other treatwents, viz. TZ, T3' Tu' T5' T7'

T T9 and T1o much lower values were obtalned on the

8
fi;st day. On the second day of application of fertilizers,
NHA+-N status was found decreasing rapidly for T1 as well as
for T6. On the other hand, with regard to all other treat=-
ments, NH4+-N status was found increasing on the second

day.

Maximum retention of NH4+-N was found with respect

to Tg_

A1l the treatments showed a decreasing trend on the

third and fourth days of fertilizer application.

4,2.,3 Nitrate Nitrogen

The mean values in ppm of NOB'-N in the soil samples

for the various treatuments are given in Table 4.



On perusal of the data, it was observed that for
the control plot, value of nitrate nitrogen increases

from 0,25 to 4.1 ppm on the first day.

On the second day, it reaches the maximum value

of 7.74 ppm and thereafter it decreases at a rapid rate.

In contrast to this, it was observed that the
maximum value of NOB'-N was reached only on the 3rd day
of manuring. The decrease in NOa'-N status thereafter
was noted at a very slow rate for these treatments.

NO.,.”-N contents with regard to Tg for 1st, 2nd, 3rd and

3
4th days were 3,08, 7.2, 4.84 and 3.94 respectively., It
was seen that NO3'-N values with respect to 2nd, 3rd and
4tn day of manuring for T1 were higher than the correg-

ponding values for T6

With regard to T, the N03'-N contents for 1, 2, 3
?
and 4 days after fertilization were 2.56, 4.41, 6.19 and
5.42 respectively. The respective values for T9 were

2.45, 4,31, 5.98 and 5,34,

Split plot ANOVA table for the mean values of
NOB'—N of the various treatments after basal application
of fertilizers 1s given in Appendix I a.

T9 was found to be superior among the treatments,

46



Tabla 4 Hitrate-N content (mean values in ppm) in the experimental plots
during basal application of fertilizers

Treatments i?fggiggg- ist day 2nd day 3rd day 4th day
cation
Ty 025 4419 7.7h 4,19 3.12
Ty 0.20 2.56 4,41 6.19 542
T3 0.24 2.51 442 6.22 5.37
Th 0.27 2.23 4,36 6.08 544
T 0.26 243 4.45 6.14 5.5%
T6 0.22 3.08 7.20 4.8 3.94
Ty 0.26 2.53 443 5.93 5.45
Tg 0.25 2.52 4.55 6.14 5040
’1‘9 0.25 2.45 4,31 5.98 534
Tig 0.25 2.49 4,04 6.14 5440

Ly
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It was seen that T7, T10, T3’ T2 T5 and T8 vere

®
statistically on par. The control plot was much inferior
with regard to nitrification inhibition property than all

other treatments.

The data on the NOB'-N contents is graphically
represented in Fig. 5. From the graph, it was observed

that nitrification rate is maximum for T1

T6 showed a comparatively lesser rate of nitrifi-
cation than ’I‘1 T9 was found superior with regard to

inhibition of nitrification.

4.2.,4 Nitrite Nitrogen

Analysis of Noz'-N showed that the contents vere
found to be meagre compared to the other forms of irorganic

nitrogen.

Table 5 contains the mean values in ppm of nitrite-N
in the treétments after basél application of fertilizers.
In general, a slight increasing trend in the content of
nitrite was noticed. Though treatments showed significant
differences, the variation did not follow any consistent

pattern to dravw a conclusion.

From the split plot ANOVA Table, it was found that
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Table 5 Nitrite-N content (mean values in ppm) in the experimental
plots during basal application of fertilizers

Immediately
Treatments after appli- 1st day 2nd day 3rd day 4th day
cation
T1 0,009 0.16 0.25 1.08 0.76
T2 0.009 0.22 0.64 0.35 0.59
Ty 0.008 0.19 0.63 0.39 0.7
Th 0.008 0.22 0.56 0.35 0.60
'I'5 0.0084 0.23 0.28 0.34 0.69
Te 0.009 0.27 0.52 0.71 0.75
T7 0.01 0.23 0.50 0.46 0.63
T8 0,009 0.22 0.48 0.43 G.57
Tg 0.008 0.23 0.27 0.43 0.68
4o 0,008 0.18 0.23 0.39 0.57

oF
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the treatments T10, T5’ Tg, T8 and TQ were statistically
on par with regard to amounts of nitrite nitrogen. T1

showed the lowest performance.

4.2,5 Rate of nitrification and percentage - inhibition

Table 6 presents the rate of nitrification (percent)
in the soil under different treatments and the percentage
inhibition of nitrification imparted by UDMU and neemcake
in different combinations during the basal application of
fertilizers.

The data showed that the untreated urea maintained
a higher nitrification rate compared to all other treat-

ments.

With regard to T1' the values of nitrification
percentagf on 2nd, 3rd and 4th days after fertilizer
application were 73.23, 72,39 and 66.87 respectively.
For TG, the corresponding values were 72.12, 60,66 and
63 .97 respectively. During two, three and four days
after fertilizer application the nitrification percentage
for ‘I‘2 were 44,10, 55,20 and 53.37 respectively. For TA,
the values were 42.41, 54.06 and 52,64 respectively.
Corresponding values of nitrification percentage with
respect to 'I‘9 were 39.39, 52.74 and 53.36 respectively.



Table 6 Percentage Nitrification and Inhibition

Treatments 2nd day 3rd day 4th day
Nitrifi- Inhibi- Nitrifi- Inhibi- Nitrifi- Inhibl-
cation tion cation tion cation tion

T4 73.23 - 72.39 - 66.87 -

T2 44,10 39.78 55.20 23.74 53.37 20.19
‘I'3 43.88 40,08 55.50 23.33 53.68 19.72
Tlt 42,41 42,09 54.06 25.32 52.64 21,28
g 41,398 43.48 53.74 25.76 53.95 19.32
Ty 72.92 1.53 60.66 16.20 63.97 4,34
Ty 42,84 41,50 53.42 26.20 53.32 20.26
Ty 44,49 39.25 54 .46 24,77 53.43 20,10
'.I‘9 39.39 46.21 52.74 27.14 53.36 20,20
T'IO 40,69 Lh Ly 54,78 24.33 53.26 20,35

A%



Among the treatments, T9 was showing the minlmum value

for nitrification percentage,

With regard to inhibition percentage, the values
for 2, 3 and 4 days after fertilization for Tg were 1,53,
16.2 and 4.34 resgpectively. For TZ, the corresponding
values were 39,78, 23.74 and 20,19 respectively., With
respect to ?5) the respeecitive values were 43.48, 25,76

and 19.32. Pertaining to T, the inhibition percentage
3

9
values for 2nd, 3rd and 4th days of menuring were 46,21,
27.14 and 20,2 respectively., Among the treatments T9

showed the meximum value for inhibition percentage.

From Fig. 6 it is evident that T6 (urea + neemcake)
is having the ability to inhibit nitrification. But the
treatments applied with UDMU were observed to be superior
to TG in this regard. The values obtained as inhibition
percentages with regard to T6 on the second, third and
fourth days of application of fertillzers were found much
lesser than that for the other treatments. T9 wag found

superior.

As the rate of nitrification increased, the per-
centage inhibition was found decreasing. In all the

treatments the percentage inhibition showed peak values
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on the second day of fertilizer application. In general,
application of neemcake was observed to be impariing
nitrification inhibition property. But inhibition per-
centage was found to be much inferior compared to that

by UDMU., In addition, it was also found that the cumula-
tive effect of neemcake and UDMU was higher than that of
UDMU only. DBeszides, it was also observed that plots treated
with greater concentration of UDMU increased the rate of

inhibition.

4,3 Mineralisation pattern of Urea + (UDMI/NC/UDMU + NC)
blends during the first topdressing of fertilizers

4,3.1 Urea nitrogen

Table 7 furmishes the mean values of urea-N in
the experimental plots during day before immediately
after and one, two, three and four days respectively

after first topdressing.

Data showed that before fertilizer application
the content of urea-N in the plots were only in traces
and statistically there was no significant differences

among them.

With respect to the control plot (TH) the mean

value of urea-N decreased from 12.73 ppm as on zero day



to 2.7 ppm on one day after manuring. This corresponds to

a drop of about 79 percent in urea-N from that of the first

day and corresponding reduction for TG was 76 percent. For

the treatments T, T, T, and T, the respective values of
2, 4, 78 9,

reduction in urea-N were 53.5 percent, 48.5 percent, 45

percent and 44,9 percent.

For control plot (T1) there was a total decrease
of about 89.5 percent on the second day and with regard
to T6, the reduction was about 87 percent. But the total
reduction in urea-N content with respect to the treatments
Tz' Th, T8, T9 and T,, were 73.3 percent, 71.6 percent,
72.6 percent, 71.9 percent, and 71.4 percent respectively.

The amount of urea<N hydrolysed upto the 4th day
of manuring was recorded as 99.8 percent for 'I‘1 and T6
On the contrary, the corresponding values ascertained
for the treatments Tz, Th, T9 and T1O were 96.3 percent,

97 percent, 97.5 percent and 97 percent respectively.

It was observed that rate of hydrolysis of urea
was very rapid in plots treated with urea alone (T1). T¢
also followed a similar pattern. On the other hand, in
the plots treated with UDMJ, the rate of hydrolysis of

urea was at a much slower rate.



Table 7 Urea-N contents (mean values in ppm) in the experimental plots during
first topdressing of fertilizers
Day before Inrmediately
Treatment application after appli- 1st day 2nd day 3rd day 4th day
cation
Ty 0,002 12.73 2,70 134 0.30 0.02
TZ 0.001 12.85 6.00 344 2,29 0,47
T3 0.0009 12.94 6.27 3433 2.25 0.37
Th 0.001 12.81 6.61 3.65 2.29 0.38
’l‘5 0.001 12.80 6.24 3.66 2,22 0.42
Tg 0.0c1 12.69 3,04 1.67 0.31 0.02
T7 0.0007 12.92 6.47 .48 2.51 0.39
Tg 0.002 12,95 7.15 3.55 2.26 0.34
T9 0,001 12.99 7.16 3.65 2.36 0,32
L 0.001 12,87 6,48 3.68 2.31 0.39

g4
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From the split plot ANOVA Table (given in Appendix I b)
of urea-N values obtained in the six days test after first
top dressing, statistically significant differences were

obtained for the different treatments under study.

It was seen that the treatments T9 and T8 were
statistically on par and superior to all other treatments.
Then comes the treatments TA, T1O, T7 and T5 which were
found to be on par by statistical scrutiny. T6 was found
inferior to those treatments applied with UDMU. T1 showed
the lowest performance with regard to urease-inhibitory

property.

Fig. 7 represents the urea hydrolysis pattern in
the various treatments. The control plot showed a rapid
rate of hydrolysis of urea. T6 also followed a similar
trend, T9 and T8 were found statistically on par and

superior to all other treatments.

4.3.2 Ammonia Nitrogen

The mean values of NH4+-N in the soll samples for
the various itreatments during six days were tabulated

(Table 8).

On analysis of the data it was revealed that NH,*-N
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values for control plot were 0.007, 0.25, 7.26, 2.88,

2,66 and 2,09 for the day before manuring, zero day, ist,
2nd, 3rd and 4th days respectively. Regarding the treat-
ment (Té) with neemcake, the respective values were 0,003,

0.30, 7.09, 2.8, 3.43 and 2,52,

With respect to T2 the corresponding values were

]
0.007, 0.24, 5.37, 6.27, 5.28 and 5.16 respectively and
for ‘1‘4 the regpective values were 0.28, 5.23, 6.53, 5.43

and 5.29.

For T, the NH;'-N contents ascertained for the
1]

7

day before manuring, zero day, 1st, 2nd, 3rd and 4th days

were 0,004, 0,27, 5.24, 6.35, 5.46 and 5.22 respectively.

With regard to T9 the respective wvalues were 0,007, 0.33,
»

5.32, 6.98, 5,56 and 5.22.

Pertaining to the control plot, the maximum value
of NHL:-N was recorded on 1st day of manuring (7.26 ppm)
and 1t dropped rapidly to 2,88 ppm on the next day. A
similar trend was observed in T6 also, But with respect
to the plots treated with UDMU, an entirely different

pattern of ammonification was observed. For T, the

3,
maximum value of N‘H,:-N was recorded on the second day

(6.43) and next day onwards, the NH4+-N contents were found



Table 8 NH,-N contents (mean values in ppm) in the experimental plots during
first topdressing of fertilizers

Day before ITmmediately -

Treetments applica- after appli- 1 2 3 4
tion cation
T1 0.006 0.25 7.26 2.88 2.66 2.09
T2 0.007 0.24 5.37 6.27 5.28 5.16
T3 0.003 0.27 5.20 6.43 5.24 5.21
Th 0.005 0.28 5.23 6.53 5.43 5.29
T5 0.005 0.31 537 6.54 5.37 5.31
T6 0,003 0.30 7.09 2.80 3.43 2,52
T7 0.004 0.27 5.24 6.35 5.46 5.22
TB 0.005 * 0.30 5.25 6.30 5.36 5.32
Tg 0.007 033 5.32 6.98 5.56 5e22
Tag 0.006 0.30 5431 6.80 5.38 5.23

8Y
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decreasing at a slow rate, The values recerded on 3rd

and 4th day were 5.24 and 5.21 respectively. With regard
to T5, the maximum value of 6,54 was obtained on second

day of meanuring and this dropped slouly to 5.37 on 3rd

day and 5.31 on 4th day respectively. For T1O, the maximum
value was 6,80 on two days after fertilizer application,
followed by 5.38 and 5.23 on the subsequent days respec-
tively.

It was observed that in the UDMU treated plots
NH4+-N contents were more or less at a uniform rate without
sudden fall and in the contrsl plot a higher value of
NH4+-N was obtained on the day after manuring followed

by a rapid reduction in the subsequent days.

Split plot ANOVA Table of the NH4+-N contents

for the said period is given in Appendix I b.

1t was observed thai the treatments T9 and T1O
were statistically on par and superior to all other treat-
ments. Besides, the treatments T10. T5, T7 and TB were
also statistically on par. T6 was found statiastically
much inferlor to those treatments applied with UDMU and

T1 was the least effective treatment.

The data on NH4+-N content for the treatments are
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graphically represented (Fig. 8).

With regard to T, 1t was found that the maximum
’
value was reached on the first day and dropped rapidly
on the second day. T9 wasg found superlor with regard to

retention of NH4+-N.

4.,3.3 Nitrate Nitrogen

The table 9 furnishes the data on mean values of
Nitrate-N in the soil samples from the experimental plots
during the said period.

The value of NOB‘-N for T, was 4.24 ppm on first
day and 3.85 ppm was the respective value for T6. It
was observed that for plots treated with UDMU, lower
values of N03'~N were obtained when compared to T, and
T, For T, the NOB--N value was 2.91 and with respect
to TA, T5, Ta' T9 and T.. the values recorded were 2,59,

i0
2.72, 2.53, 2.69 and 2.57 respectively.

"It was seen that on the second day, a maximum value
of 7.27 ppm was recorded for the control plot. After the
second day of fertilizer application, it was found that
the NO3'—N contents were decreasing at a rapid rate for

the control plot. The NOB'-N values recorded for control



plot for 3rd and 4th days of manuring were 4.51 and 3,72
respectively. For T6, the maximum value of 6.22 was
recorded on the second day and NOB'-N values recorded on
3rd and 4th days were 4.93 and 4.29 respectively. It
was found that with respect to T, (urea + neemcake)} the
nitrification was not so rapid as that for the control
plot (T1 .

On the other hand, for the UDMU treated plots
the maximum value of NOB--N was reached on the 3rd day
of manuring. Thereafter, NOB'—N status decreases at a

very slow rate.

Split plot ANOVA Table of the NOB'-N values during
the saild period is given in Appendix I b,

From the split plot ANOVA Table, it was found
T
that the treatments T7’ Ta' 4, T1O, T9 and T5 were
statistically on par. T, was having the lowest nitrifi-
cation inhibitory property.

The data on NO3'-N content for the treatments
after first topdressing are graphically represented
{(Fig. 9).

Nitrification was seen rapid with regard to the

control plot (T1). T6 showed inhibition of nitrification

6l
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Table 9 Nitrate-N contents (mean values in ppm) in the experimental plots
during first topdressing of fertilizers
'Day before ‘ Immediately
Treatments application after appli- 1 II 11T Iv
cation

T1 0.05 0.18 4. 24 T.27 4.51 3.72
T, 0.62 0.17 2.9 4,60 6.07 5.59
T3 0.05 0.18 2,90 4,55 6.21 5.58
T, 0.07 0.19 2.59 &.42 6.096 5.48
T5 0.05 0.21 2.72 4 .49 6.07 5.42
Tg 0.06 0.15 3.85 6.22 4.93 4.29
I, 0.05 0,20 2.48 L.61 6.04 5.47
T8 .06 0.19 2.53 4,57 6.03 547
1, 0.06 0.19 2.69 4.0 5.94 5.57
Ty 0.04 0.18 2.57 4.52 6.06 5.46

g9



but its rate of nitrification inhibition was found inferior

to other treatments.

Rate of nitrification inhibition was found maximum

for T

9.
4,3.,4 Nitrite nitrogen

Table 10 furnishes the mean values of nitrite-N

in the various treatments during said period.

The data showed that the values of nitrite-N for
all the treatments during six days after the first top

dressing were below 1 ppm.

It was observed that the treatments T T T
5, ~10, 73,
TB and T9 were statistically onr par. T1 showed the least

performance,

4.3.5 Rate of Nitrification and percentage inhibition

Table 11 furnishes the rate of nitrification (%)
in the solil under different treatments and the percentage
inhibition of nitrification imparted by the treatment
combinations during the first top dressing, after trans-

planting of the paddy crop.

On appraisal of the data, it was observed that



Table 10 NOZ--N contents (mean values in ppm) in the experimental plots

during the second applicetion of fertilizers

Day bvefore Immediately
Treatments application after appli- 1 i1 11T iv -
cation
T, 0.054 0.003 0.037 0.233 0.921 0.870
T, 0,062 0.003 0.035 0.158 0.507 0.552
T3 0.054 0,004 0.040 0.151 0.421 0.388
T, 0.072 0.005 0.036 0.142 0.431 0.466
T5 0.050 0.003 0.034 0.148 0.433 0.320
Te 0.055 0.004 0.037 0.155 0.925 0.847
T7 0.045 0.004 0.041 0.220 0.413 0,400
Tg 0.057 0.003 0.040 0.140 0.458 0.365
T9 0.059 0.004 0.036 0.143 0.433 0.411
T10 0.047 0.003 0.040 0.138 0.413 0.363

¥9
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control plot was having the highest rate of nitrification.
Nitrification rate obtained was comparatively lesser for

T6 and much lesser nitrification percentages were got
?

for plots treated with UDMU,

With regard to the control plot, the values of
nitrification percentage on 2nd, 3rd and 4th days after
fertilizer application were 72.28, 67.12 and 68,68 res-
pectively. For T6, the corresponding values were 69.48,
63,06 and 67.06 respectively.

The nitrification percenmtage for T, were 43,14,

2
55.44 and 54.36 respectivdly. For T5 the values were
L

41,49, 54,79 and 51.95 respectively. Corresponding values

of nitrification percentage with respect to T, were 39.78,

9

53.41 and 53.4 respectively, T9 showed the least nitrifi-

cation percentage.

The inhibition percentage values with respect to
TB were 3.87, 6.05 and 2,36 respectively on 2nd, 3rd and

4th days of fertilization. For T2 the inhibition percen-
1

tages recorded were 40,31, 17.4 and 20.85. Respective

values with regard to T_ were 42,59, 18.39 and 24.36.

5
Inhibitlon percentages recorded on 2nd, 3rd and 4th days

for T7 were 40.23, 19.34 and 22,98 respectively. Corres-

ponding values for T, Were 45.38, 20,42 and 22,25 respec~

9
'tiVelY .



Table 11 Percentage Nitrification and Inhibition
Treatments 2nd day 3rd day 4th day
Nitrifica- Inhibi- Nitrifica- Inhibl- Nitrifica- Inhibi-
tion tion tion tion tion tion
T 72.28 - 67.12 - 68.68 -
T, 43.14 40.31 55 .4k 17.40 54.36 20.85
T 42,24 41.56 55.88 16.75 53.39 22,26
Tl;. 41,13 43,09 54,58 18.68 52.9 22.98
Ty 41.49 42,59 54.79 18.39 51.95 2436
Te 69.48 3.87 63.06 6.05 67.06 2.36
T7 43,20 40,23 54,14 19.34 52490 22.98
14 42,76 40,84 54.76 18.40 52.31 23 .84
Ty 39.78 45,38 53 .41 20.42 53 .40 22.25
T1o 40,65 43.7€ 54,61 18.64 52.67 23.31

99
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Fig. 10 furnishes the nitrification inhibition
pattern in the various treatments. Percentage inhibition

was observed maximum for T9.

It was observed that with increase in rate of
nitrification, the percentage inhibition was seen decreas-
ing, and percentage inhibition showed higher values on

second day of mamuring.

4,4, Mineralisation pattern of urea s+ (UDMU/NC/UDMU + NC)
blends during the second topdregsing of fertilizers

4.4.1 Urea Nitrogen

Table 12 gives the data on urea=-N contents in the
different treatments under investigation during day before,
immediately after and one, two, three and four days after

2nd topdressing of fertilizers.

Data revealed that on the day before manuring the
urea nitrogen was present only in small quantities in the
s80il and statistically there was no significant differences
among the various treatments. The mean value of urea-N
was 11.42 on zero day and it drops to 1.89 ppm day after
application with regard to the control plot. For T6. the

urea-N value dropped from 11.36 to 2.05 ppm. On the other
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Table 12 Urea-N contents {(mean values in ppm) in the experimental plots during
the second topdressing of fertilizers

Day before Inmediately

Treatuments application after appli- I 1x IIT v
cation
T1 0.,0002 1,420 1.890 1.32 0.19 0.02
T, 0.0003 11.591 4,370 3.25 2.00 0.22
T3 0.0002 11.616 4.356 3.29 1.98 0.33
Th 0.0002 11.715 4,406 3.30 2.16 0.42
T5 0.00004 11 .696 4,330 3.23 2.15 0.32
T6 0.0001 11.359 2,050 1.66 0.21 0.01
T7 0.0002 11.665 4,340 3.28 2.05 0.44
‘1‘8 0.0003 11.724 4.13 3.25 2.06 0.34
T9 0.,0001 11.789 4,493 3.26 2.13 0.41
T10 0.0003 11,760 4,436 3.27 2,10 ‘0.32

89



69

hand, it was observed that in the UDMU treated plots, the

£all in urea-N was not so rapid.

For T, the urea-N dropped from 11.59 on zero day

2,

to 4.37 on day after manuring. With regard to T, it vas
»

from 11.72 to 4.41. Urea-N contents were 11.79 on zero

day and 4.49 on 1st day with respect to T For T the

9. 10,
respective values were 1%.76 and 4.44,

The drop in urea-N was 89 percent for the control
plot in the second day compared to zero day. Corresponding

reduction for T6 was 85.5 percent,

The reduction in urea-N in the second day for TZ
was 62.3 percent. The corresponding values for treatments
'1‘4' T

5, TB, T9 and Ty, were 62.4, 62,99, 62.4, 61.8 and

62,2 respectively,

It was observed that ureolysis was practically
over on 4th day after fertilizer application in the control
plot., More or less a similer trend was observed for T6
also. In contrast to the above result, residual urea-N
was recorded in plots treated with UDMU on the 4th day
of manuring, Split plot ANOVA Table for urea=-N contents
during the sald period is given in Appendix I b. Fron

the table it was observed that treatments T T

9, Tu, T

10,
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T7’ TB, T5 and T3

observed that the treatments T6 and T1 were not effective

were statlstically on par. It was also

in urease inhibition.

Fig. 11 furnishes the graphical representation

of the data on urea-N content after second topdressing.

4.,4,2 Ammonia Nitrogen

The mean values of NH4+-N in the soil samples for

the various treatments were tabulated (Table /3 ),

On appraisal of the data it was observed that for
T1’ the NH4+-N values were 0,007, 0,15, 6.63, 2.64, 2,53
and 1.92 respectively for the day before application of
fertilizers, zero day, 1st, 2nd, 3rd and 4th days of manu-
ring, the respective values for T6 were 0.003, 0.99, 6.57,
2.47, 3.2 and 2,41,

The corresponding values of NH4+-N recorded as
above for T, were 0.001, 0.12, 4.85, 5.94, 4.79 and 4.83
respectively. The respective values for T4 were 0.006,

0.11, 4,76, 6.1, 4.74 and 4.75.

With respect to T, ‘the NH,"-N values obtained
?
during the said period were 0.006, 0.14, 4.76, 5.88, 4,7

and 4.64 respectively. The respective values recorded
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Table 13 NH4+-N contents (mean values in ppm) in the experimental plots
during the second topdressing of fertilizers

Day before Immediately

Treatments application after appli- 1 2 3 4
cation
T, 0.002 0.15 6.63 2.64 2,53 1.92
T, 0.001 0.12 4.85 5.94 4.79 4.83
Ty 0.006 0.12 4,77 6.01 4,75 4.66
Ty, 0.006 0.1 4.76 6.11 4,74 4,75
T5 0.006 0.13 477 5.85 4,71 4,64
Tg 0.003 0.99 6.57 2.7 3.19 2.41
T, 0.006 0.14 4,76 5.88 4,70 4,64
Tq 0.004 0.46 4.70 5.86 4,63 4,55
Tg 0.002 0.15 4.76 6.03 4,66 4,79
T10 0.002 0.15 4,63 5.99 4.56 4,67

A
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for T9 were 0,002, 0.15, 4.76, 6.03, &4.66 and 4.,79.

With regard to the control plot, the maximum value
of NH4+-N was reached on the first day of manuring and
it was reduced to 2,64 ppm on 2nd day. A similar reduction
in NH4+-N contents was also recorded for T6. On the con-
+rary, it was observed that the maximum value of NH4+-N
was reached only on the second day for the plots treated
with UDMU and thereafter, the values were found decreas-
ing at a very slow rate. A prolonged retention of NH4+-N

wag noticed in the UDMU treated plots.

Split plot ANOVA Tables for the NH4+—N contents
during the said period is given in Appendix I b. From

the table it was observed that the treatments T2 Th T
) J

9,
T3 and T7 were statistically on par. T4 was having the ,

lowest performance.

The data on NHA+-N contents after second topdressing
are graphically represented (Fig. 12).

44,3 Nitrate Nitrogen

The table 14 summarises the data on NOB'-N in the

soll samples during the third application of fertilizers.

The NOB--N values were recorded to be in traces
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for the day before application of fertilizers.

The values of NO3'-N obtained for the control plot
were 4,20, 7.52, 4.28 end 2,23 during 1st, 2nd, 3rd and
4th days of manuring. The corresponding values for T6

were 3.36, 6.85, 4.96 and 2.94 respectively.

With regard to the control plot, the maximum value
(7.52) was recorded on 2nd day of manuring and thereafter
they were found decreasing at a rapid rate. Similarly the
highest value of 6.8% was obtained for T6 on the 2nd day,

followed by a rapid reduction.

In contrast to the above observation, maximum values

of NO3'-N were obtained on the third day of fertilizer

application, for the plots treated with UDMU, followed by
a slow rate of reductlon in NOB--N contents. Split plot

ANOVA Table for the NOB’-N oontents 1s presented in Appendix

I b. From the table, it was observed that T, was superior

9
to all other treatments, followed by T4 It was seen that
the treatments T7 and T3 were statistically on par. T6
was much inferior to plots treated with UDMU. T1 showed

the least performance.

Fig. 13 gives the graphical representation of the

data on NO3_-N content after second topdressing.
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Table 14 NOB'-N contents (mean values in ppm) of the experimental plots
durlng the second topdressing of fertilizers

Before appli- Immediately

Treatments cation after appli- I II i1z iv
cation
T1 0,020 0.19 4,20 7.52 4,28 2.23
T, 0.009 0.22 2,52 3.58 5.69 4.85
'I‘3 0.008 0.22 2.39 3.58 5.56 5.4
Tl& 0,010 0.25 2.18 3.26 5.31 5.09
T5 0.008 0.25 2.40 3.56 5.51 5.28
Tg 0.006 0.14 3.36 6.85 4.96 2,9
T7 0.008 0.22 2.26 3.52 5.63 5.24
Tg 0.007 0.25 2.41 3.53 5.64 5.33
Tg 0,112 0.26 2.14 3.22 5.21 4,95
T4 0.011 0,26 2.14 3.22 5.21 4,95

YL
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4o bl Nitrite Witrogen

Table 15 presents the mean values of nitrite-N

in the various treatments.

The nitrite-N contents recorded were comparatively

low in all the experimental plots.

Split plot ANOVA Table for the nitrite-N contents

is presented in Appendix I b.

It was seen that the treatments Tg, TS, T1O, TB.
T7. T4 and T2 were statistically on par. T6 and T, were

observed to be the least effective treatments.

4.4,5 Rate of nitrification and percentage inhibition

The rate of nitrification (%) in the soil under
different treatments and the percentage inhibitlon of
nitrification imparted by the treatment combinations were
tabulated (Table 16).

It was recorded that nitrification rate was the
highest for the control plot (T1). This was followed by
T6. With respect to the plots treated with UDMU much

smaller rates of nitrification were recorded.

The percentage nitrification obtained with regard



Table 15 NOZ'-N contents (mean values in ppm) in the experimental plots
during the second topdressing of fertilizers

Day before Immediately

Treatments application after appli- 1 2 35 4
cation
T1 0.002 0.13 0,06 0.36 0.72 0.84
T2 0.002 0.,12 0.03 0.30 0.64 0.53
T3 0.001 0.11 0,03 0.27 0.58 0.49
T4 0.001 0.11 0.04 0.28 0.58 0.56
T5 0.001 0.122 0.04 0.34 0.62 0.57
TG 0.001 0.101 0.05 0.37 0,82 0.77
T7 0.001 0.107 0.04 0.33 0.56 0.54
Ig 0.001 0.117 0.04 0.33 0.51 0.45
Tg 0,001 0.122 0.03 0.28 0.54 0.45
45 0,001 0.121 0.03 0.31 0.53 0.49

24



7

to T, on 2nd, 3rd and 4th days of manuring were 74.92,
66,43 and 61.54 respectively. Corresponding values for
T6 were 74.51, 64,38 and 60.78 respectively. Respective
values with regard to T, were 38.61, 56,52 and 52.71.
For T, the above values were 36.7, 55.45 and 53,31 res-
pectively. Similarly for T8 the nitrification percen-
tages recorded were 39,67, 57.04 and 55.94 respectively.

With respect to T, the corresponding values were 36.72,

9
55,27 and 53.02 respectively.

The percentage inhibition was found to be decreasing
with advancement of nitrification. The inhibition percen-
tages obtained for T, on 2nd, 3rd and 4th day of manuring

were 48,48, 14.92 and 14.35 respectively and for T he

3,
respective values were 47.85, 15.13 and 11,02, With
respect to T5 the above values were 46.6, 14.86 and 9.41

respectively,

The inhibition percentage values recorded for T7

during the above period were 47.16, 14.44 and 9.93 res-

pectively. With respect to T, the corresponding values

9
were 50.99, 16.8 and 13.84 respectively and for T10 the

respective values were 48.77, 14.07 and 10.45.

Fig. 14 furnishes the graphical representation of



Table 16

Percentage Nitrificatlion and Inhibition

Treatments 2nd day 3rd day 4th day
Nitrifi- Inhibi- Nitrifi- Inhibi- Nitrifi- Inhibi-
cation tion cation tion cation tion

Ty 74.92 - 66.43 - 61.54 -

T, 38.61 48,48 56,52 14,92 52.71 14,35
I3 39.07 47.85 56.38 15.13 54.76 11.02
T, 36.70 51.01 55.45 16.53 53.31 13.37
Ty 40,01 46,6 56.56 14,86 55.75 9.41
Tg 7451 0.55 64.38 3.09 60.78 1456
T7 39.59 47.16 56.84 14 .44 55.43 9.95
Tg 39.67 47.06 57 04 14,44 55.94 9,10
Ty 36.72 50.99 55.27 16,80 53.02 13.84
10 38.38 48.77 57.08 14,07 55.11 10.45

8.
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the data on the inhibition percentage after second top-

dressing.
4,5 Biometric Qbservations

The biometric observations made on the rice crop
at the various growth stages and uptake of nitrogen were

statistically analysed and the results are given hereunder.

A, Growth Characters

I. Height of plants

The helght measurements recorded at active tillering
and panicle initiation stages and at harvest are presented
in Table 17 and the abstract of analysis of variance in

Appendix II.

I a. Active tillering stage

I was observed that there was statistically signi-
ficant differences in plant helght among the various treat-
ments. UDMU treated plots were found to be superior to
other plots. However, all the plots treated with UDMU
were found to be statistically on par. T6 was noted as
inferior to UDMU applied treatments. T, showed the lowest

performance,



Table 17 Height of plant (in cm) (mean values)

Treatments  Active Tiller- Panicle ini- Harvest
ing stage tiation stage
Ty 37.16 51.80 83.30
T, L4047 58.75 99.50
T4 39.13 58,50 99.50
T, 40.57 59.73 102.77
Ty 40.03 59.43 99.90
Te 38.43 55.57 89.70
T, 39.93 61.33 99,60
Ty 40.63 59.49 100.93
‘I.‘g 40.83 62,40 103.70
T1O 40,20 60,83 100,57
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I b. Panicle initiation stage

The data revealed that with respect to plant-

height, T, was statistically on par with T, and T1O It

9 7

was observed that T7 T1O and ‘I.‘4 were on par. Besides, 1t
’

was also seen that Th, TB, T5, T2 and T3 were statisti-

cally on par. T6 was seen inferior to T3 T1 showed the

lowest plant height.

I c¢. Harvest stage

It was observed that plots treated with UDMU were
superior to T6 and T1 with respect to plant height. How-
ever, it was seen that the UDMU treated plots were stati-
stically on par in this regard. T6 was found inferior to

T T1 showed the least plant height.

2-

II. Number of tillers per square metre at panicle initia-
tion stage

v

The data on mean values of number of tillers per
square metre at panicle initlation stage are presented

in Table 18 and the analysis of variance in Appendix III.

It was found that T9 and Th were statistically on

par and superior to all other treatments. Tﬁo T5 and
]

T7 were also observed to be on par and comes after Th in



82

Table 18 Number of Tillers per sgquare metre
Treatments Ry R2 R3 Mean
T4 379 356 368 367.7
T2 440 401 415 L08.7
T, 402 397 405 401,3
T, 425 429 438 430.7
Ty 428 414 432 b424.7
Tg 388 382 385 385.0
‘1‘7 419 421 425 421.6
Ty 405 419 422 412.6
T9 440 432 428 433.3
Tig 420 429 427 425.3




3%

performance. T6 was inferior to T2 T1 showed the lowest

number of tillers.

B, Yield Attributes

1. Number of earheads per square metre

The mean values are presented in Table 19 and the
analysis of variance in Appendix IV. Vith regard to this
parameter, T9 was the superior treatment. T4 and T10 were
found to be statistically on par. Besides, T2 and T3 were
on par, T6 wasg inferior to T3. T1 was having the least

periormance.

2. Thougsand grain weight

The data on thousand graln welght are presented

in Table 20 and the analysis of variance in Appendix V.

Application of UDMU was found to increase the
thousand grain weight., The lowest value wag recorded
for the control plot with urea alone. T6 {(urea and neem-
cake) was better than T1_ T1 was found to be statistically
inferior to all other treatments. It was seen that treat-
ments T9' T7. TB, T1O, Th, T3 and T5 were statistically
on par with regard to thousand grain weight, In addition,

it was also seen that T, and T¢ were on par.
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Table 19 Number of earheads per square metre
Treatments R1 R2 R3 Mean
T, 214 195 203 204,0
T, 240 236 245 240.3
T.j 240 232 236 236.0
Tu 275 258 262 265.0
T5 260 252 253 255.0
T6 204 218 220 214.0
T7 258 244 242 248.,0
T8 245 249 240 244 7
T9 275 269 270 271.3
T10 270 264 254 262.7




Table 20 Thousand grain weight (g)

Treatments Ry R, R3 Mean
T1 24,7 25.0 24.9 24.9
T, 25.7 25.3 26.2 25.7
T 25.9 26.6 26.1 26,2
T, 26.4 26.8 25.8 26.3
Tg 25.4 26.7 25.9 26.0
Tg 2k.8 25.1 25.2 25.0
T, 26,2 26,4 26.7 26.4
T8 25.6 27.2 26 .4 26.4
Ty 26.1 26.9 27.0 26.7

Tio 26.9 26,5 25.8 26.4
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3. Grain Yield

The values for the yield of grain are given in

Table 21 and the analysis of variance in Appendix VI.

It was observed that the effect of UDMU was signi-
ficant in increasing grain ylelds of rice. The maxlimum

grain yield was obtained for T It was observed that

9.

the treatments T T T,. and T_. were statistically on
9, 4, 10 5

par. Besides, the treatments T5 T7 and TB were on par.
’

T6 was inferior to UDMU applied treatments. The lowest

grain yield was obtained for the control plot (T1).

Graphic representation of the grain yield obtained

for the various treatments is given in Fig. 15.
4, Yield of Straw

The values are presented in Table 22 and the

analysis of variance in Appendix VII,

Application of UDMU was found to be having signi-

ficant effect in increasing straw ylelds. T9 was found

8, T5 @nd Tyq,

Besides, the treatments T7' TB, T5' T1O, T2 and T3 were

+o be statistically on par with Th T, T
’ 9

found to be on par. T6 and T1 were the inferior treatments
recorded in this connection and T6 and T1 were statistically

on par.



Table 21 Grain Yield (kg ha~')

Treatments R, Ry R3 Mean
T, 2469.1 2292.8 2557 o4 2439.8
T, 3362.8 3186.4 3127.5 3225.6
T3 3318.7 2965.9 3054,2 3112.9
Ty 3450.9 3398.1 3386.4 3411.8
T5 3362.8 3350.2 3295.6 3336.2
Te 2557.5 2580.6 2733.7 2623.9
T7 3380.4 3186.5 3310.4 3292.4
Tg 3292.2 3318.7 3215.5 3275.5
T9 3468,.6 3406.9 3539.2 3471.6

40 3445.9 3410.7 3299.4 3385.3
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Table 22 Straw Yield (kg ha™1)

Treatments R1 R2 R3 Mean
T, 3858.6  3680.5 3995.8 3845,0
T, 5098, 1 4822.6 4716.4 4879.0
T 5030.4 475041 4615,8 4798,8
Ty 5235.9  5154.2 4910.1 5100.0
T 5098.3  4925.4 4987.8 5003 .8
T 3995.8  3858.6 4171.6 4008,7
T, 5125.6  4922.1 5029.2 5025,6
Tq 4987.8  5035.6 5014 .4 5012.6
Ty 5254,9  5167.5 4919.2 5113.9
T1o 5035.5  5120,.2 4818.6 4991 .4
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Fig. 16 furnishes the graphic representation of

the straw yield obtained for the various treatments.

L,6 Nitrogen concentration in plant parts at various
growth stages
Nitrogen c¢ontent of different plant parts, viz.,
leaf blade, roots, flower, straw and grain at different

growth stages of the crop were determined.

4,6.1 At 35th day after transplanting

Table 23 furnishes the wmean values of nitrogen
content in percentage in different plant parts. The

abstract of analysis of variance 1s given in Appendix VIII,
4.6.1.1 Lleaf blade

The application of UDMU was found to be signifi-

cantly influencing the lamina-nitrogen content,

It was observed that the treatments T4 T, T

» 9 7T,
T3' T1O, T2 and T8 were statistically on par. T6 and T1
showed the most inferior performance. T6 and T1 were

found to be on par.
4,6.,1.2 Roots

It was f 4
as found that the treatments Tg, T7, Tl&, T2,



Table 25 N content (%) at 35 days of transplanting
(mean values)

Treatments Leaf blade Roots
T1 2,02 0.62
T3 2.60 0.76
T4 2,74 0.84
T5 2,37 0.73
T6 2.09 0.65
T7 2,62 C.84
TB 2.50 0.7
T9 2.71 0.85

10 2.59 0.76
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T and T_. were statistically on par. T1 showed

8, T3, T10 5
the lowest performance in this regard.

4,6.2 At Flowering Stage

Table 24 contains the mean values of treatments
applied with UDMU were statistically on par. T6 and T1

were the inferior treatments and were found to bhe on par.

4.6.3 Harvest stage

The data on the nitrogen content (%) in the leaf

blade, roots and grains are presented in Table 25.

4,6,3.1 Leaf blade

It was found that the treatments T9 T7 T4 and
? ¥
T, were statistically on par. Besides, T, T, T, and
8 L, "8, 73
T5 were on par, T6 and T; were the inferior treatments

in this connection.

4.6.3.2 Roots

It was observed that the treatments 7. 7. T
?

9 7’ 2] TBI
T;, Ti, and T_ were statistically on par. T, was the most
4, *10 5 1

inferior treatment.,

4.6.,3.3 Grains

It was observed that there was statistically



Table 24 Nitrogen concentration in percentages at
flowering stage (mean values)

Treatments Leaf blade Roots Flowers
Ty 0.95 0.41 0.24
T2 1.55 0.72 0,40
T3 1.38 0.61 0.34
Th 1.82 0.73 0.38
5 1.57 0.68 0.33
Tg 1.23 0.45 0.27
T, 1,70 0.67 0.39
T8 1.69 0.58 0.33
T9 1.83 0.70 0.37

Ty 1.73 0.66 0.34




Table 25 Nitrogen concentration (in percentages) at
harvest stage (mean values)

Treatments Leaf blade Roots Grains
T, 0.58 0.23 1.12
T, 0.74 0.35 1.42
T3 0.67 0.30 1.37
T, 0.74 035 1.45
Tg 0.66 0.33 1.38
T¢ 0,61 0.27 1.28
T, 0.77 0.37 1.46
g 0.74 0.35 1.4
Tg 0.78 D440 140
‘I‘10 0.68 0.33 1.42
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significant differences between UDMU treated plots and
those not treated with UDMU with respect to nitrogen con-

centration in grains.

It was found that the treatments T7’ Th, TZ, T1O,

T T5 and T3 were statistically on par. T6 was infe-

8, 9,
rior to treatments applied with UDMU. Ty was having the

lowest percentage of nitrogen ln grains,

Protein content gln nercentage) in grains

The data on proteln content in grain are given

in Table 26 and the analysls of variance in Appendix IX.

The grains were analysed for total nitrogen. It
was observed that T7 and Ta were superior to other treat-
ments and were statistically on par. Besldes, T9 T2 T8

’ L) ’
T, T. and T, were on par, T, was inferior to treatments
10, °5 3 6
applied with UDMU, T1 showed the lowest value for grain

protein content.

4,7 Nitrogen uptake by plant at various growth stages

Fig. 17 furnishes the graphic representation of the

data on N uptake of rice at the various growth stages.

a. At 35 days after transplenting

The data on nitrogen uptake at 35 days after



Table 26 Percentage proteln content of grains at
harvest stage

Treatments R4 Rz R3 Mean
T, 6.75 6.98 7.33 7.02
T, 8.88 8.68 9.13 8,90
T3 8.25 8.50 8494 8.56
T, 9.56 8.82 8.82 9.10
T5 8.12 9.07 8.73 8.64
T¢ 7.7 8.15 7.89 7.98
T7 9.10 9.31 8.98 9.13
Ig 8.82 g.12 847 8.80
T9 9.05 8.73 9.12 8.97
T10 8.64 8.87 8.70 B.74

95
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Table 27 N uptake of rice at 35 days after trans-
planting (kg na”')

Treatments Ry R, R3 Mean
T, 36.55 38.70 39.77 38.34
T2 52.03 49,02 48.16 49,74
T3 45.15 47.08 52.67 48.30
Ty, 55.68 52.24 54,18 54.03
T5 49.45 51.17 45,58 48.73
T 43,00 40.85 41,06 41,64
T7 52.67 55 .04 52.89 53.53
Tq 49.88 46,22 51.38 49.16
T9 53.75 51.38 55.90 53.68
T4g 51.60 46,44 49,02 49,02
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N uptake of rice at flowering stage (kg ha'1)

Table 28

Treatments R4 Ry R3 Mean
T, 60.20 61.27 59.34 60.27
T, 75.25 72.45 80.62 76.11
T3 71.81 69.87 75.23 72.30
TA 80.41 74.82 78.47 77.90
5 67.51 75.25 70.95 71.24
Tg 62.35 64.70 63.42 63.50
T, 79.12 73.10 75.03 75.75
T8 77.18 76,12 76.98 76.77
T9 75.89 79.98 78.69 78.19
Tig 70.52 77.83 69.66 72.67
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transplanting are given in Table 27 and the abstract of

analysis of varience in Appendix X.

The application of UDMU significantly influenced

the nitrogen uptake at 35 days after transplanting.

It was seen that Th 'I'9 and 'I‘7 were statistically
?

on par. In addition, the treatments T T and

2, T, M0, %5
T3 were statistically on par. T6 was inferior to all treat-
ments applied with UDMU, T6 and T1 were found to be on

par,

b. Flowering stage

The values on nitrogen uptake at flowering stage
are given in Table 28 and the analysis of variance in

Appendix X.

It was observed that the treatments T, T T
9, "4, 8,

T2 and T7 were on par, In addition, the treatments T2
’
T7, T10’ T3 and T5 were statistically on par. T6 and T1

were also on par and found to be having the lowest N uptake.

c. At harvest gtage

The data on nitrogen uptake are presented in

Table 29 and the analysis of variance in Appendix X,



Table 29 N uptake of rice at harvest (kg ha_1)

Treatments Ry Rz R3 Mean
‘I‘1 85.10 90.51 94.60 90.37
T2 109.65 102.83 103.48 105.32
T3 107 .50 110,72 102,44 106.89
T4 113.95 118,13 112.54 114.88
‘1‘5 105,75 112.66 105..56 107.99
Tg 88,15 9?.33 98.04 95.17
T7 101.05 122,98 11(?.08 1M1.37
Ty 116,10 109.43 113,30 112,95
T9 118.25 117.60 116,99 117.61
T 111 «80 107.07 105.02 107.96

-
o
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Table 30 Values of Simple Correlation Coefficient

ﬁ%' Characters correlated Correlation coefficient
*
1. N uptake of rice at harvest (kg/ha) 0.8158
and grain yield
*
2. Proteln content (%) of grains at 0.8355
harvest and grain yleld
3. Ammonia (NH,*-N) nitrogen content *
at 3rd day of fertilizer application 0.9331
and grain yield
4, Ammonia (NH,*-N) nitrogen content %
at 4th day of fertilizer application 0.9392
and grailn yvield
5. Ammonia-nitrogen content at 5th day %
of fertilizer application and grain 0.9320

yleld

* Significant at 0.05 level

ool
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It was observed that the treatments T, T, T
9, 4, 8,
T, T. and T,. were statistically on par. T, was inferior
Ty °5 10 6
to all treatments applied with UDMU. T6 was found to be
on par with T1 with respect to the nitrogen uptake at

this harvest stage.
4.8 Correlation studies

The values of simple correlation coefficients are

presented in Table 30,

N uptake of rice at harvest was correlated with
grain ylield. Grain yield was also correlated with protein
content (%} of grains and with NHA"-N content respectively
at 3rd day, 4th day and 5th day after application of ferti-

lizers.

In these studles 1t was found that the correlation
of the grain yleld with N uptake of rice.at harvest and
protein content (%) of grains are highly significant and
positive. It was also observed that there was highly
gignificant and positive correlations of grain yield with
ammonia form of nitrogen at 3rd, 4th and 5th days after
application of fertilizers.



Biseussion
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DISCUSSION

The results of the field experiment to study the
possibllities of using unsymmetrical Dimethyl Urea and
neemcake as urease/nitrification inhibitors with the
fertilizer urea for increasing the Neuse efficiency in

vetland rice s0ils are discussed below,

5,1 Inhibition of urease activity

Urea=N values recorded from the soil samples during
the three split applications of fertilizers throw 1light
on the extent of urease inhibition in the various treate

ments,

On appraisal of the data it is observed that with
respect to the control plot there is a rapid rate of urea
hydrolysis, The decrease in urea-N contents (expressed
in percentazes) obtained £or control (T1) after cne, two,
three and four days of basal application of fertilizers
are 73, 92, 9.5 and 99.8 respectively,

T (urea and neemcake) followad a ureolysis pattern
much similar to T, indicating the lesser influence of
b
neemecake on urea hydrolysis. The values obtained for urea

hydrolysis (expreased in percentages) with respect to TG
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are 78, 86, 96 and 99.7 respectively.

'1‘9 {urea + UDMY (1/5th of urea) + neemcake) is
found 1o be superior to all other trestments with regard
to urease~inhibition. The drop in urea-N content {percen-
tages) with regerd to T, are 48,5, 73, 85.2 and G6.2 reg-
pectively after one, two, three and four days. The supsrior
performance of this treatument may be due to the cuaulative
effect of higher dose of UDM! and neemcake., The above
values of reduction in urea-¥ respectively for '1‘7 are
5549, 73.9, 84 and 96.7. ‘I'7 is seen lees efficient than
‘I'g. his is perhaps due to the lower dose of UDMU in ‘I'.’,.

T1o (urea + UIMU coated (1/5th of urea) + nmemcake)
ia found to be less erfficlent than Tg This indicates
that crating of urea with UDMJ is not as effective as

mixing 1t with urea.

The agount of urea-i being hydrolysed with respect
to T, are 51, 74, 83.8 and 96.3. Ty, (urea + UDMU (1/5¢th
of urea) 1s found to be on par with Ty, This is supported
by the result that T7 and 'I‘3 are statistically on par
during second topdressing. It 1s observed that neemonke
is nat effective as a urease inhibiior,

In general, comparatively faster rate of decline
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in urea-N content is observed in the plots not treated
with UDMU and urea hydrolysis iz seen at a slower rate

in plots treated with UDMU., This indicates the differen-
+4al inhibition on urease activity brought about by diffe-
rent levels of UDMI,

The urea-i values recorded in the verious treat-
ments showed that there 1s s relatively faster rate of
urea hydrolysis during the first two days after application
of fartilizers. Similar observation was made by Thoaas
and Prasad (1982).

1t is observed that for all treatments, in general,
more than 90 percent of the urea applied ig hydrolysed
within four days after application of fertilizers. The
Quicker disappearance of urea-N under waterlogged condie
tion 18 due to its more rapid hydrolysis, under the high
moisture regime (Sannigrahi and Msndal, 1987)¢ In flooded
rice soils ur;aae activity is known to be higher than in
upland rice solls (Baruah and Mishra, 1934).

2:2 Amponification rate am influenced by application of

U4 and neemcake

The data on NH,'=N in the soil during the three
split applications of fertilizers give a clear picture of
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the influence of UIMU and neeacake as urease/nitrification
inhibitors on the different processes involved in the
transformation of applied ures in soil.

In the initial perisds after application of urea,
both ammonification and pitrification are operative side
by side. The first process leads to the generatiosn of
anmonium and the other to its utilizatlon to form nitrate,

Urease inhibition will result in & slow rate of
ammonification., The fertilizer urea undergoes hydrolysis
only at a low rate due to the application of an urease
inhibitor, This will lead to release of ammonia nitragen
in small amounts over a proloaged period. The data on
urea-N values recorded for the UDMU applied plots indicates
that UDMU is having the ability to act as a urease inhi-
bitor.

In addition to the above observation, it is also
seen that UDIU Ls abla o act as a nitrification inhibitor,
Inhibition will result in a slow rate of formation of
NOB'-N. Hence the NH,*-N content will decline only at a
slow rate in the UDMU treated plota.

The ability of UDMJ to act as urvasze as well as
nitrification inhibitors will iead to retention of rmh"-u
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in high concentrations over 2 longer period in plots

treated with UDMU,

The control plot (T1) showed & rapld rise in
NH,*-N on the day after fertilizer application 1tself,
followed by a sudden fall during 2, 3 and 4 days after.
The respective values in ppm are 7.3, 2,9, 2.0 and 1.9,

The corresponding values in ppm for '1'.‘5 are 7.2, 3.0,

3.6 and 2.6 respectively.,

T9 is observed as superior with regard to retention

of NH;-N. For T, the paximum value was recorded on the

9
second day of manuring and thereafter NH;’-H content is
found decreasing st a slow rate. The NH,:-N values recorded

for T, during 1st, 2nd, 3rd and 4th days are 5,3, 7.04,

9
5.6 and 5.3 regpectively. The high avoilability of rmﬁ-n
in Tg may be dus to the cumulative effect of higher dose

of UDHU and neemcake. The data on urea-N, ¥H,'-1, NOZ™=N
and NO3-'N indicates that UDMU is effective os a ureasc as

well as a nitrification inhibitor,

Tin is seen to be less efficient than Tg. indicating
that coating of urea with UDMU 18 not 2o efficient as mixing

it with urea,

Paster rote of fall in NHJ'-N content and an
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accompanied faster rate of farmation of HO;-N is observed
for the cantrol plot.

Tg (urea + neemcake) is seen supsrior to T, {control).
This shows that neemcake is possessing nitrification inhi-
bltory properties., High retention of Ni,'-N using urea
blended with nsemcake and urea coated with neemcake was
reported by Yadav and Shrivastava (1987).

A high retention of NHA*-N end a comparatively low
rate of nitrification is exhibited by all the plats applied
with UDMU, 4in general. This is dus to the differential
inhibition on urease activity as vell as nitrification rate
brought about by UDMU mt different levels. With respect
to the ebility to “ct as a nitrification inhibitor, neem-
cake 1s observed to be less efficient than UDWJ,

It is clear that NH;-N is retained in greater con-
centration for a longer period in plots treated with UCMU
and neemcake than the plote with urea alone. This high
avallability of NH“*'-N over a longer period of time in
8911 18 highly beneficial to crops, especially rice.

323 Inhibition of Nitrificetion

Noj"-N values obtained at the three split applications
of fertilizers indicated the degree of nitrification inhibi-
tion in the various treatments.
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With regard to the control plot (T,), the NOB'-N
value reaches the maximum on the second day and thereafter
it decreases st a rapid rate., For T‘i, the HDS"-N values
in ppm recorded on 1st, 2nd, 3rd and 4th days are 4.1, 7.7,
4.2 and 3.1 respactively during basal application of ferti-

lizers.

It is seen that the maxiaum value of NOB'-N is
reached on the third day of manuring for the plots tresated
with UDMU. Then the NOB'-N status is found decreasing at
e very slow rate, For example, with regard to T5. the
correspsading values in ppm are 2.4, 4.5, 6.1 gnd 5,6 res-
pectively.

It is observed that '1'9 is superior with regard to
inhibition of nitrification, For Tg, the N03"'-N contents
(ppa) recorded during the first, second, third and fourth
days after basal epplication of fertilizers are 2, 5, 4.3,
5.98 and 5.34 respsctively. The superiority of T9 may be
due to the cumulative effect of higher dose of UL and

neencaka,

It is observed that T, (urea + neemcake) is much
inferior in nitrification inhibition coopared o those
treateants applied with UDMU. This shows that neemcake
is less efficient as a nitrificetion inhibitor than UDMU,
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It is inferred that UDMU might be toxic to the
nitrifying bacteria end would have lnhibited the nitrifi-
cation process. This 1s further supported by the data on
NH, =N during the three split applications of fertilizers.

Several studies indicated that substituted ureas
are possasaing nitrification inhibitory propartliez (Gunasgena
et al., 1979; Stepanov, 1984; Sahota and Sharaa, 1985;
Yadvinder $ingh and Beauchamp, 1985 and Momreal et al.,
1986}.

14 is obzerved that T~6 i3 better in psrformance
then the control (T,). The data on NH, <N also supports
the ability of neemcake to act ss a nitrification inhibitor,
Higher NH,'«N end low NOg"-N ia obtained with application
of neemcake with urea. Biddappsh and Ssrkunam (1979) also
reported the presence of higher NH,:-H and lower NO.;-N
by the treatment of urea with neencake, in an incubation

study using laterite soll in mois: serobic conditiosn,

Some imhibiting factor present in neemcake might
have been toxic to nitrifiers and thus nitrification

process might have been slowed down,

It 15 reported that the low nitrificetion rate in

neamcake blended urea may be due to the presence of active
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principles, viz,, nimbin and nimbidin in the cake
(Chakaravarti, 1979).

The low nitrification rate of urea blended with
neemcake was reported by Rajkumar and Sekhon (1981),
Sathianathen (1982) and Muneshwar Singh and Singh (1986),

With regard to the NOZ'-N, only very small smounts
are recorded in the experimentsl plots. Accumulation of
Noz'-N is not common in soil sinc¢e there is oxidation of

NO,"-N to NO “.N soon after its formation during the nitri-

3
fication process in which nitrite formation is an inter-

mediate stage.

With respect to the control plot, the NOZ"-N values
recorded during first, second, third and fourth days of
basal application are 0,16, 0.25, 1.08 and 0,76 respectively.
For Tg, the corresponding values in ppm are 0.22, 0.27, 0.43
and 0,68 respectively., With regard to Th, the respective
values (ppm) are 0.22, 0.56, 0.35 and 0.59.

Differences in NOZ--N content of the soil as
influenced by the treatments did not present any consistent
pattern to draw a conclusion, Biddappah and Sarkunam (1979)

in an incubation study in moist aerobic soil with coaltar
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and neem coated urea, did not find any treatment influence

on Noa'-N content.,

Selective inhibition of neemcake on Nityosomonas Sp
has been observed by !iishra et al. (1975) and Sathianathan
(1982).

5.4 The influence of UDMJ on the rate of nitrification
and percentage inhibition

{a) Rate of Nitrification

Contral plot (T1) meintained a higher nitrification
rate for all the three split applicetions of fertlillzers.
Percentage nitrification recorded for T4 during second,
third and fourth days are 73.23, 72.39 and 66,87 rospectively,

With respect to T6, percentage nitrification recorded
during second, third and fourth days are 72,12, 60.66 and
63.97 respectively,

T9 {urea + UDMU (1/5th of urea) + neemcsie) is found
o be superior with respect to inhibition of nitrification.
The nitrificatisn percentage for Tg far 2nd, 3rd and 4th
days of manuring are 39.39, 52.74 and 53.36 respectively,

Percentage nitrification is found to be less for
plots treated with UDMU and neemcake., It is due to the
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ability of UDW ¢o5 act as a nitrification inhibitor. Heean-
cake iz almo having nivrification imhibitory proporties
but ia chssywed 5 be inferisr to UMW,

For ‘?7' the percentage nitrification valucs yecorded
during second, third and fourth days are 42,84, 53.42 and
53.32 raspactively. The corresponding vealuass with respect
to T, are 42.41, 54.06 and 52.64 respectively.

(b) Percentage inhibition

As the rate of nitrification decrezsss, the percen~
tage inhibition increases,

The percentage inhibition obtained for 'i‘s during
gecond, third and fourth days are 1.53, 16.2 and 4.34
respectively. On the basis of percentege inhibition Tg
is found superior. The percentage inhibitian values
obtained for '1‘9 during second, third asnd f£aurth deys are
46,21, 27,14 and 20.2 respectively, fThe correspanding
values for T, are 42,09, 25.32 and 21.23 respectively.

Respective values obtained for T7 are 41,5, 26.2 and 20.26.

Plots treated with UDMU are found t2 be superior
with regard to inhibition of nitrification, The neemcake
is sbserved ta be less efficlent in this regard,
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Effect of UDMU end peesmcake on
characters of rice

T. Zlant heisht

The ohbservations racorded at varlous stages of
plant growth indicated that different levels of UDMU and
neemcake had signifteant influence in increasing the height
of plents,

Mean values of plant height (ca) obtained for T9
at active tillering stage, panicle~initiation stage and
bharvest stage in ca respectively are 40,8, 62.4 and 103.7.
The corresponding values for T, are 571, 51.8 and 83,3
respectively and for T6. the values are 38.4, 55.6 and
89.7.

In general, it is seen that application of UDWMU
is effective in sugmenting plant height. The inhibitory
property of UIMU night have rasulted in & slow ainerali-
sation rate emabling the avaeilability of nitraogen for a
prolonged period of time, The nitrogen would have been
utilised by the plants for the developaent of vegetative
parts and would have favourably influenced the plant
height. This result is in conforeity with the findings
of Sushama Kumari (1981); Sobhana (1983) and Anon. (1984),
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From the results cbtained, it is evident that plota
treated with neegcake (TB) are superior, in increasing
plant height to the control plots (T1). Neemcake would
have conseyved nitrogen to the maximum extent and thus
favourably influenced the plant growth to record the maxious
plant haight, Results obtaipsd by Oommen et al, (1977) end
Sathtanathan (19582) lend gupport to this finding.

2, Number of tillers pasr sguare astre

Varicus combinations of ULMJ and neeacske showed
significant effect on the nugber of tillers at the panicle
initiztion stsze. Number of tillers per sguare are observed
t5 be higher in plots treated with UDMJ then oontrol plots.

Humber of tillers per squars astre (mean values)
at panicle initiation stage with ragard to '1‘9 ie 433.3,
The respective vaiues for TZ and ‘I'7 are 408.6 and 421.6,
For T, (control) it is 367.7 and with regerd to 'i’S. it is
385,

N uptake recorded at the various stages 5f growth
also revealed that the rice plant has taken more nitrogen
in those plots treated with UDMU, Tillering is closely
assoclated with the nutritional condition of the mother
plant which supplies nutrients to the tillers upto three



lecf stage. The higher intake of nitrogen would have
resulted in the production of more numbsr of tillers,

Benaficial effect of nitragen to enhance tiller
production has been reported by ameny scientists {Gunasena

at 2l, 1979; Ajithkumer, 1984 and Meera, 1366).

\A high concentration of nitrogen in the rootzone

favours vigorous tillering (Yoshida and Padre, 1931).

3. Number of earhasds per squarepetre

The spplication of UDMIJ showed significant effect

in increasing the numher 5% earhesds par squaremetre.

The wean values of number of earhsads per souare-
metre recorded, for T9 T2 and T? are 271.3, 240,35 ond
?
243 respectively, Vith respect to T, Lt is 204 and for
T6. it is 214,

The fact that increased avallability of NH&*—N
was more from UDMU treated urea and neemcake treatod
ures cleariy 1llustrated the reason f£or the increaase of
number of carheads per squaremetre, Hitrogen being the
key nutrient both for growth and yield sttributes, it is
but netural that the production 5P earheeda has 21lso been

increased hy higher nitrsgen uptake.

115
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Similar result was reported by Meera (1986).

4. Thousand_grain weisht

The results revealod thut thousend grain welght
increased with spplication of UDMU,

The mean valuss af thousand grain weight recorded
for '29 TT and T, are 2647, 26.56 end 25,7 respectively.
[ ]
The respective values with regard to T, and ‘1‘6 are 24,9

and 25,03,

It 1s but patural o record the lowest thousend
grain veight by untreated ures because of tho lower avallae
bility of nitrogen in the soil., The aspplication of UDMJ
and noemcake would have inhibited the nitrification process,
and thereby prevented the subsequent leaching and runoff
losses, making Ni,*-i zvailsble for a longer perisd. This
hypothesis is confirmed by the fact thet UL and neemcake
applied plots gave mors ﬁ}l;-ﬁ compared £0 untreated urca.
The availsbility of mitrogen spraed osver a lonzer period
rasulted in the proper £4lling of the grains which subse-
quently increased the thousand grain weight., These results
are in agreenent with the findings of Yownen et al. (1977)
and Meera (1926).



5. ¥ield of grain

It 1% observed that UDMU when epplied with urea
is effactive in increesing grain yield.

The mean value of grain vield (kg ha~') recorded
£or '1‘9 is 3471.6. The respsctive values for Tz' T“. TS.
T.,' TS end T‘IO are 3225.6, 3511.8, 3336.2, 3292.4, 3275.5
and 3385.3 respectively. Corresponding values for I, and
Tg are 2439.8 and 2623.0 respectively,

The aignificant positive effect of ULMU osn tha
yield components like number of productive tillers per

grain weight clesrly bring osut the reason for the positive

aquaremetrs, number of earheads por squaremeire and thousand

effact on increasing vield of grain. The fact that nitrogen

uptake at verious grovth stages are also positively corree-
lated with the grain yield, further illustrates the supa-
riopity of UDMU.

Plots applied with neewcske were found to have
higher grain yields then the control plots, The deta
ahowed that higher levels of nitrogen supply due to applie
cation of neemcake with urea resulted in a higher grain
yield.



Fleld experiments for comparing the different
nitrification inhibitors agaimst untvsated urea conducted
under various agro-ecilogical conditions have conclusively
proved tha importance of nitrification innibitors in
reducing N losses and subsequent increase in the grain
vield in rice. (Subbish et &1, 1980; Anom, 1985 and Chen
and lu, 1985).

The cumulative effect of availability of nitrogen
in the rootzone on the grauth characters and yleld compo~
nents might have resulted in a highsr grain yield.

6. Straw vield

The mesn value of straw yield (kg ha™') recorded
for T, 48 3845, With regard to TG. it is 400B.7. The
corresponding veluss (kg ha'1) with respect to T, TB, 'rg'
T?. 'i‘9 and T.m are 4879, 4793.8, 5303.8, 5025.6 and $113.9
respectively, UDMU treated plots are found to be having
the maximus strav yleld, T, {urea + neemcake) is found
to ke better than T." Straw yleld was maximum in plots
where more nitrogen uptake was racorded. The part played
by nitrogen in increasing vegetative growth is vell reco=
gnised. By providing a steady supply of nitrogen thraughe
out the growing season, UDXU and noemcake might have

influsnced the plents in producing more vegetative growth

18
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which resulted in increased stravw yleld.

The favsurable influence of N on atraw yleld is
very wall documerted (Surendran, 1985 and Heera, 1986),

7. Mitrogen uotoke of plant at variows grawth gtaces

3011 mineral nitrogen can be well correlated with
nitrogon upteke (Meera, 1986). Perlodic soll analysis
cleariy indicated that application of UDMU mné neemcake
resulted in higher avsilability of M1, *-H in goil. Nitrogen
uptake studleg carried cut at 35 days after transplanting,
flowering and at harvest stages clearly indicate ihe supe-
riority of UDFU and neemonke in increasing the intake of
mineral nitrogen by the plant. Higher availability of
nitrogen naturally might have rasulted in groater uptoke
by the plant,

The pean values of 4 upteke of rice (kg ha™')
obtalned at 35 days after transplanting for ’1’9’ T,,' T5
end T, are 53.68, 53.53, 88,73 and 49,74 respectively.
The above values for T, and Ty are 38.34 and 41,64 respec-

tively.

The mean velurs of i uptake (kg na~?) obtained at
harvest stage for Tg. T,?' TA and ’i‘a are 117.61, 111,37,
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114,68 and 105.32 respectively., The oorresponding values
for T, and Tg are 90.37 ard $5.17 respectively. Application
of nitrification inhibitors resulting in higher uptoke of
nltrogen haas been reported by Sathiamathan (1932},

8. Protein coptant of srain

It is obasprved that application of UDMU and neege
cake incrszased the protein content of grain.

The mean values (percentages) of protein contont
of grains at harvest stage for T, T, T, and T, ere 8.89,
2, "4y 77 2
9.09, 3.13 and 5.97 respectively, The corresponding values
for Ty amd Ts are 7.02 and 7.98 respectively.

Higher rates of nitrogen absorptian consequent to
higher nitrogen avalilability uight have resulted in higher
rate of proteln synthesis, Thus application of ULJ and
neepcake finally resulted in the productisn of guality
grains.

Adthkuner, 1984; Surendren, 1985 end Meera, 1986
have reported similar results.

9. Corpelation studies

The yield attributing charactars such as number of
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productive tillers per squarssetre, nusber of earheads
per squaremetre and thousand-grain weight are found to be
significsntly higher in plots applied with UDMU and nesm=
cake, The greater grain and atraw yields racorded in
these plots are ths result of the cumulative and comple-
mentary effects of these yleld attributing characters.

The nitrogen uptake is seen correlated with grain
yield. The value i3 significant and positiva, This indi~
cates that higher nitrogen uptake is responsible £or the
higher yields in piots treated with UDHU and neemcake.

N‘ﬁ,“'-ﬁ conteats recorded at the various stages of
plant growth sre wall correlated with the grain yield,
This indicntes that UDHU end neemcake are capable of
retaining more NHA"-N in the aoil for a longer periad,
This higher supply of nitrogen throughout the plant growth
resulted in inoreased nunber of tillers and eerheads and
also proper development of filled grains, This resulted
in increased thousendgrain weight and finally for the
greater grein ylelds. This way ba the reason for N}la"-ﬂ

9
positively correlated with grain yield,
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SUMMARY AND CONCLUSIONS

An investigation was carried out at the College of
Agriculture, Vellayani, during the first crop season of
1987 to £ind out the possibility of using unsymmetrical
dimethyl urea (UDMU) and neemcake (NC) in various combi-
nations as urease/nitrification inhibitors for increasing
the nitrogen use efficiency of wetland rice, variety Jaya.
UDMU was applied as mixed and in the coated form. Two
levels of UDMU, viz., 1/10th and 1/5th of the quantity
of urea were used for study. The experiment was carried
out in a simple randomised block design with ten treat-

ment and three replications.

The initial snalysis of the basic physico-chemical
properties of the soll from the experimental site was
conducted. The periodical changes in the mineralisation
pattern of urea with application of UDMU were studied by
estimating urea-N, NH4+-N, N02'~N and NOE'—N contents by
analysing the wet soll samples withdrawn at various periods
after application of fertilizers. The data generated from
the field experiment and laboratory studies were subjected
to statistical analysis to bring out the significance of
‘the important changes observed in the rate of hydrolysis
of urea and nitrification.

[R2
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The important findings from these studies are

summarised below,

)

(2)

(3)

(4)

{(5)

A faster rate of hydrolysis of urea, accompanied by

a rapld increase in NHL:-N was observed in untreated
urea plots. On the other hand, a muich slower rate of
urea hydrolysis and ammonification was found in plots
treated with UDMU, indicating the inhibition of urease
activity by UDMU,

Increasing the level of UDMU from 1/10th of urea to
1/5th of urea seemed to have a positive effect in
augmenting the nitrification inhibitory properties.

Plots treated with {urea + neemcaske) followed a pattern
of urea hydrolysis similar to untreated plots indicating

the lesser influence of neemcake on urea hydrolysis.

T, (urea + UDMU (1/5th of urea) + neemcake) was found
to be superior based on the nitrification and urease
inhibitory properties of the soil as well as crop

performance,

Coating of UDMU with urea was found to be less effective
as compared to the mixing of urea and UDMU.



(6)

(7)

(8)

(9)

(10)
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Periodic soil analysis during the three split applica-
tions of fertilizers indicated that retention of NH,'-N
was much higher in UDMU treated plots compared to the

untreated plots.

A rapld rate of nitrification was exhibited in the
control plot, with simultaneous Increase in,NH4+-N
content contrary to the much slower rate of nitrifica-
tion in UDMU treated plots, showing thereby that UDMU

possesses nitrification inhibitory properties.

Neemcake (NC) was observed to be possessing nitrifica-
tion inhibitory propertlies but it is significantly
lower than that of UDMU,

Various combinations of urea with UDMU, with neemcake
and both vith UDMJ and NC showed significant increase
in the height of plants at active tillering and panicle
initiation stages and also at harvest. Number of
tillers per sQuaremetre at panicle initiation stage
was signiflcantly increased due to the application of
UDMU ,

The yleld of grain was significantly increased by the
application of UDMU with urea. There was significant
increase in straw yileld also by UDMU treatment.
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(11) The total nitrogen content of soll in UDMU treated
plots was high in all the stages of crop growth.
Untreated urea gave the lowest nitrogen content in

the soil,

{12) Higher nitrogen uptake by the crop was recorded by the
treatments applied with UDMU,

(13) Application of UDMU with urea increased the protein

content of grain.

(14) Correlation studies revealed that N uptake of rice at
harvest (kg»h;§ and Ammonia nitrogen (NH4+-N) contents
of the soil at various perieds after application of
fertilizers vere positively correlated with yield

resulting significant increase in the grain yield.

From the investigation carried out, it has been
possible to obtain a systematic account of the extent and
nature of the different processes involved in the minerali-

sation of applied urea in soil.

The results of the present study have clearly
indicated that unsymmetrical dimethyl urea (UDMU) is
effective in inhibiting urease activity as well as nitri-~
fication. There has been significant increase in the
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avallabllity of mineral nitrogen for the crop, as_evidenced
by the Ni,*-N contents recorded at various periods.
Increased nitrogen uptake by the plant 1s recorded for
plots treated with UDMU. Obviously, the increased yield
and better crop performance are due to the more efficient

nitrogen conservation in the soil with application of UDMU.

Neemcake is observed to be ineffective in inhibiting
ureage activity while 1t is efficient in retardation of
nitrification in the soil, though not to the extent of
uDMU .

Findings of the present study paved the way for

the following future lines of investigation.

(i) To £ind out the optimum level of UDMU as an urease/

nitrification inhibitor in wetland rice sgoils.

(11) To study the effect of application of UDMU with urea
on the uptake of other nutrients.
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APPENDIX I{a)

Absiract of Split plot AMIVA for Bamal application of fertilizers

Kean Jum of Sqgusres

Source df Ureas=i HHA -4 HOB i NJQ -H
Aeplication 0,022 0,019 0,012 3007
£ 3 * 2 RE i
Inhibitors (A) 9 7880 5,270 0.070 7,050
Lrervor (1) 18 0.005 D003 D017
Interval (B) 4 828,150 156,240 & 1564220 1,880
AxB 36 0.959 2,950 2.320 3083
Srror {2) 23] 0.037 9.008 97.210 2.008
Total 149

¥ Significant at 5s level

#% Significant at 1% level



APPENDIX I(Db)

Abstract of Split plot ANOVA

. Y

Mean Sum of Squares

Urea-l A NO, "N NO, =N
Source af 18t top- 2nd top~- 1st top- 2nd top- 18t top= 2nd top- 18t top- 2nd top-
dressing dressing dressing drassing dressing dressing dressing dressing
Replication 2 0.02 0.004 0.02 0.12 0,002 0.001 0,011 0,004
A 9 6.11" 400" TR WY 2 0.3  o.078™" 0.879""  0.0%32""
Error (1) 18 0.02 0.02 0,01 0.009 0.002 0.003 0.001 0.002
B 5  699.59 " 554.40°  214.86""  179.19" 155,92  197.05 1850 2,4
AB 45 1.22"  os7™ 249 2.06 2.63 15.007" 0.033 "  o0.01""
Error (2) 100 0,02 0.007 0.007 0.010 63,40 101 .44 0.022 0.003
Total 179

* Significant at 5%

lavel

** gignificant st 1% level



APPENDIX IIX

Abstract of Analysis of Variance Height of Plants {cm)

Mean Sum of Sguares

Source df Active tiller~ Panicle inil- Harvest
ing stage tiation stage stage
Replication 2 1.18 0.66 734
* ¥ =t ¥
Treatments e 4,08 27.96 122,12
Error 18 1.41 1.08 6.73
Total 29
APFPENDIX III
Analysis of variance table
Number of tillers per squescemetre
Source df eisd MSS r
Replication 2 1008.50 504,25 2.89
Treatments 9 13261.00  1473.46 845
Error 18 3140,00 174,44
Total 29 17409,50
S ~ Treatments 7.63
CD -~ Treabtments 22,66



APPCNDIX IV

Analysis of wvariance teble
Number of earheads per squaremetre

Source 4af 55 MSsS F
st
Replication 2 2517.25 1258.63% 6 .61;**
Treatments 9 10822,88 1202.54 6.35
Error 18 3411.38 189.52
Total 29 16751.50
SE Treatments 7.95
CU Treatments 23.62
APPENDIX V
Analysis of variance table
Thousand grain weight (g)

Source af 55 M3 r
Replication 2 1.15 0.57 2,93
Treatments 9 10.18 1.13 5.76
Error 18 353 0.20

Total 29 14 .86

SE Treatments 0.26
Ch  Treatments 0.76



APPENDIX VI

Analysls of variance table
Yield of grains (kg/ha)

Source daf SS 188 I
Replication 2 51648 25824,00 3 .08**
Treatments 9 3257152 361905.80 43,20
Error 18 150784 8376.89

Total 29 3459584

SE  Treatments 52.84
CD  Treatments 157.01
APPENDIX VII
Analysis of variance table
Straw yield (kg/ha)

Source df 33 1SS F
Replication 2 136256 68128.00 3.67:*
Treatments S 5707392 634154,70 34,19
Error 18 333824 18545,78

Total 29 6177472

SE Treatments 78.63
CD Treatments 233.62



APPENDIX VIII

Abstract of Anelysis of variance

Nitrogen concentration in percentage

Mean sum of squares

at 35 days after

at flowering stage

at hervest stage

transplanting
Source dat Leaf Roots Leaf Roots Tlowers Leaf Roots Grains
Replication 2 0.034 0.015 0.009 0,002 0.003 0.007 0.003 0.001
3 * b o # K * *H
Treatments 9 0.186  0.019  0.236  0.037© 0.008  0.014 « 0.008  0.031
Brror 18 0.022 0.005 0.018 0.010 0,002 0.003 0.002 0.003
Total 29




APPENDIX TX

‘nalysis of variance table

Percentage protein content of grains

Source at 35 MSS F
Replication 2 0,09 004 0.47**
Treatments 9 11.04 1.23 13,37
Error 18 1,65 0.09

Total 29 12.78

SE  Treatments 0.18
CD Treatments 0.52
APPENDIX X
Abstract of analysis of variance
N uptake of rice (kg/ha)
Mean sum of squares
Source df at 35 days at f£lovering at harvest
after trans- stage
planting
Replication 2 4.85 1.69 128,14
*i e #%
Treatments 9 78.42 111.86 234 .41
Error 18 5.59 g.18 34.30
Total 29
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ABSTRACT

An investigation was carried out at the College
of Agriculture, Vellayani, during the first crop season
of 1987 to study the efficacy of the use of unsymmetrical
dimethyl urea (UDMU) and neemcake {NC) in varisus combi-
nations as urease/nitriflcation inhibitors for increasing
the nitrogen use efficiency in wetland rice soils of

Kerala,

The Initlal analysis of the basic physico~chemical
properties of the soll from the experimental site was
done, UDMU was applied along with urea as wixed and in
the costed form. Two levels of UDMU, viz. 1/10th and
1/5th of the quantity of urea were used for swudy., KNeem~
cake was added at the rate of 40 kg/ha. Soil samples
were withdrawn periodically from the experimental plots
and analysed in the laboratory for estimating urea-N,
““;.u, N0, -N end NO;™-N contents in order to study the
o of miteralisation of urea. The experiment was carried

rat

in o simple randomised bleck design with ten treatments
our in

and tWe® replications.

"he study has revealed that unsymmetrical dimethyl

rea § effective in inhibiting urease activity as well as
u ¥



nitrification. Increasing the level of UD/U from 1/10th

4o 1/5th of urea has a positive effect in increasing the
nitrification inbibitory properties. Neemcake was found

to be ineffective in inhibiting ureahydrolysis, eventhough
it can act as a nitrification inhibitor. Coating of UDMU
with urea was observed less effective compared to the mixing

of urea and UDMU,

Periodic 891l analysis during the three split
applications of fertjlizers indicated\that retention of
NH;-N was much higher in UDMU treated plots compared ta
the untreated plots. A faster rate of ammonification was
observed in untreated urea plots. ©On the other hand, a
much slower rate of urea hydrolysis was seen in UDMU
tregted plots, indicating the inhibition of urease acti-
vity by UDMU. The control plots showed a rapid rate of
nitrification contrary to the much slower rate of nitrifi-
cation in the plots treated with UDMU,

All the plots applied with UDMU showed significant
increase in the number of productive tillers and earheads

per squaremetre as well as thousand grain weight.

Tg (urea + UDMU (1/5th of urea) r neemcake) recorded
the maximum grain and straw yields. Nitrogen uptake during



the various stages of crop growth was also wmaximum in
UDMU treated urea plots. Meximum protein content in grain
was obtained in plots treated with UDMU,

Correlation studies revealed that number of pro-
ductive tillers, number of earheads per squaremetre,
thousand grain weight, NH[:'-N content of the soil at
various periods and nitrogen uptake at different growth
stages were positively correlated with yleld.

The results of the study have clearly brought out
the sultability of using UDMU as urease as well as nitri-
fication inhibitors.



