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INTRODUCTION

Kuttanad, the rice bowl of Kerala comprising an
area of approximately 870 sqe. km 1s a unigque ngricultural
ragion in the world, Praetically the whole of this area
lies st a dopth of 3 = 4 fecet below cez level and for the

major part of the year remalng submerged uwidar water,

Péﬁdy iz the most important crop in this reglion
producing about 1,5 lakh tonnes of rice eontributing ona
geventh of the States total. The agricultural operations
commance at thae closa of the rainy season, with the strone
gthening of ﬁha rmud embankments around the €ields, The
water'within the embankment is thgn pumped out and sprouted
paddy seeds are sown, During the growth pariod of the crop,
water stands at a depth of §5 - 7 feet outalde the embankments,
the waves lashing out; agalnst the bunds, For this reason,
paddy caltivation in this area 45 considered uncegtain mnd
risky. The harvest geason, generally falls in Pebruory.
After the harvest, sea waler i3 allowed to get into the
fialds. Though this leads to a deterioration in soll strue
cture, the practice has its cwum advantage, in that it proe |

vonts toxice salt accumilation on the surface soil,.

H#ith the construetion of Thaneermukkom zalt watey

barplier meont to halt szlt water intrtusion from tha Arablan



sea into RKuttanad's paddy flelds in the summer and €o
regulato £low of £lood water into the sea during the
monsoons, it has besn madoe possible to ralse an additionsl

crop in this araa,

Origin of Kuttanzd srea as put forward by Velu
Pillay (1940) in ‘Travancore State Monual' is that the
area was once a bay., The waters of Perlyar and other
rivers laden with sgediments were discharged into this bay
resulting in the formation of a sand bank linking up the
nearost points of the land, The bay, thus eventually
became a lagoon which gradually silted up and gave risae
to the present wet paddy lands and coconut gardens,

The scils of Kuttanad tract come under clayey, mixed
acidic ischyperthermic family of Tropic Fluvaguentz. The
f£actors which have beoen particularly dominant in the develops
ment of these soils are high rainfell, temperature,
hydrologieal sonditions and vegetation, The organic matter
in these saiis is rosistant to decomposition and waxy in
appearatce, mest of vhich iz lignitie and ether soluble
gubgtances. The predominant olay is kaolinite,.

Soils of Kuttznad are grouped into 3 categorles
1) kari 2) Harappadem 3) Lkayal solls., Karappadom solle
oecur along tha inland waterway and rivers, and are spread
over a large part of the upper Kuttanad, Fertility problems

of karappadom scoils are connceted with strong acidity, hich



lime recuiremonts wlde CiN rotlo, low avaiiable nutrient
status, high percentege saturation of hydrogen and aluninium
ions. These charaateristic properties are bound €0 have a
profound influcnce on the nltrogen transformation in these

soils (Kurup, 1967) and conseguently the N upteke by rice crops

Hitrogen efficiency in rice largely ranges betwucen 25
to 30 per cent and scldom e&ceeﬂs 50 per cen&; The rosponse
and recovery of nitrogen in rice depends on the mechanism of
transformation of added Ee;tllizer material. Seovoral nitrcgen
loss mechanisms operating in crop flelds are largoly
responaiblo for low nitrogen recoveriess FHence it is highly
essentlial that steps be taken to chock theae losseé g0 that
the €rops make efflcient use of the fertilliger, fHigh use
efficiency of nitrogen by creps depends on gpod soll condiltion,
adegquate application of soll amenduenta, timely application of
fortilisers, sultable method of application, use cof
nitrification inhibitors, coated or othor modificd forms of
fertilisers, |

Studles at Rige Reseorch Stoation, Voncompu strategically
located for catering the researcn noeds of the Kuttancd rice
cuitivation have shown varying response to N application, its
time, mothod of application and sourccg. Application of lime
15 an sbsolute neceasity for ralsing rice crop in Huttanad,
Liming ameliorated soll azeldity and augmented Ca end Mg status

of soil, It has a profound influence on the limo potentiz) and



N transormation in solls,

The commissioning of tha Thancermukkom bund and
introducticn of an additional crop by avoiding a period of
£looding, has resulteﬁ-in eonsiderable variations in soil
acladity and allled soil problems. In the changed situation
of rice ecoe=system this study wos taken up with the

folliowing objectives,

1. To understand the basic mechanism of trangfoye

mation of applied nitrogen in karappadom soil,

2+ To svaluate the beat gource of nitrogen for

rice production,

3, To £ind out the effect of interaction of lime
and nitrogen on the nitrogen use efficiency and yleld of

rlce,
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REVIEW OF LITERATURE

Kuttanad is formed by the deltalc deposition of
four rivors - Panba, Manimala, Meenachi) anrd Achankovil,
Being below sea level, intrusion of sea water is a problem
for rice cultivation, The solli contains large deposits of
sulphur, on 4rying sulphur dioxide is formed which gets
convaerted to sulphuric acid on further remckion with water,
A flooded soil 1s a dynamic hetercgenons goil « water system
with oxidised and reduced coil layers. The nitrogen
tronsformations functioning in theae layers are unigque.
Precise information on these aspects are meagre. A brief

review of research vorke pertaining to the above situation

1 presentcd balow,

Rutriticnal studies of rice plant haa been a subject
of interest from very long. Kumura (1556) found positive
correlation between tiller nurbar and nltrogen content during
tillering, Tanaka et al. (1959) reported maximum tillering
and panicle initiation asg the two peaks of nLESOgeﬁ uptakeas.
Early application of nitrogen was found to promote leaf arca
axpansion (Murata, 1961). Wada and Matsushimes (1962) confirmed
that the differentiation of splkelets was strongly promoted by

nitrogen supplys.



Singlachar (1973) noticed that medium duration

varioties responded upto 150 kg © ha~Ye A simdlar response

of medium duration varieties Lo 145 kg N ha’l

was reported
by Sadavappan ok nle (1974). Rethinem gg al. (1975) reported
higher response of duarf indica varieties to higher levels of

1. According to oy gt gl. {1977)

nitrogen upto 150 kg N ha
application of nitragnn in split doses at planting, tillering,
panicie initiation and boot stage gave hich grain yield of
rice, Studics by ando gt al (1978) reveoled that at tillering
gstage all ammonlacal nitrogen was used and that its supplﬁ'

“econtrolled the attaimment of grcatest number of tillors.

w7

Nitrogan fertiliscrs increened grain yileld in f;ce
(Saho gt al. 1980; HKumar and Shorma, 1980; &nitwogse and
Jirathana, 1981; Pandey and Dayanend, 19847 Kaushik gt al.,
1984}, O©Galas (1983) found that leaf expansion wac malnly
dependent on temperature. plant water stress and nitrogen
absorption. Reddy and Mittra (1985) confirmed@ from thelr
atudics that crop fertilised with nitrogen produced more

tillers and grain visld.

This reveals that nlexogen fertiilsers play on
important role in the nutrition and grouwth of rice plants,
lecding ¢o increased graln ond strav yields when supplied

losses of nitrogen from goll.

Iose of nltrogen cccurs through volatilization



denitrificstion, leaching and run-off, and fixation,

Gaseous loaéiof avronle occured from nitrogen fertilisers
applicd to szoils (Krasge and Satchell, 1960y Reddy and
Patrick, 1980y Criag and Wollum, 1982p Ellingbqn. 1986),

High losses of nitrogen under conditions of alternste wetting
and drying has been raported by many workers (Prasade and
Rajele, 1972y Reddy and Patrick, 1975; Tisdals and Nelrzen,
1975}, Drainage studles in heavily manured rice flields
ravealed that during monsoon crop season, the extent of
nitrogen loss from a low land rice field through leaching was
42 kg M hat (Chakravorthy % 8les 1973}, Large t;uantiiiea
of N was reported to be lost dve to leaching (Yatazawa, 19773
Misra, 1980), MNitrogen was lost ih run~off in JSapan
(Takamura gt ale.s 1977). Singh (1978) observed that a mean
loss of 3 kg N ha"* occurred due to surfece runeoff in
Philippines, FPadnaja and Koshy (1978) reported that a maximum
run=pff of 70 per cent nié:ogen oceurred 1f the surfoce water
wasg drained on the same day of fertiliser application,
Fortilizer nitrogen entering tﬁa inorganic nitrogen pool was
subjected to biological interchange with so0il organic f£raection
(Saite and watansbe, 1975). smmonium fixation was yet anothar
‘channel of nitrogen 10ss (Broadbent, 1979). Naximum nitrogen
lossas from nitrite decomposition occurred at about a pH of 5, -
at lower pi, below 4, nitrification predominsted and nitrogen
losses decreased (Ivanov, 1981). CDenitrificmtion losses were

greater in undrained and Airrigated land, efter direect driliing,



and following fertiliser application (Colbourn and Dowdell,
1984), About 10 por cent of the nitrogen appliecd asz ammonium
'sulphate wag lost as nitrogen, by denitrificetion in 40 Jays
(Mian, 1985), Results of studies by Reddy and Patrick (1986)
preosented an indirect evidence that the process of rhizosphere
nitrificationedenitrification was active in rice, resulting in

a2 significant omount of nitrogen lgss,.

Due &0 these losses of nitrogen occurring in different
ways from paddy £fields, nitrogen fertilizers are uscd less
efficliently in this system than in any othar food proéucing
eCCeaysten,

H e b £ 1w 31 ik Molc)

Plant recovery of applied nitrogen is dependent on
soil, climate and cultural practices,Studies- in thls fleld
from year back, has revealed that the recovery of nitrogen
s very low, Patrick and Wyatt (1964) found thet 20 peor
cent of the total =z0il nitrogen was lost by drving and water~
logging of soil alone., Under low land rice cultivation, the
afflciency of applied niircgen is only 10 to 50 per cent
(Recddy and Patrick, 1977). Meelu (1920) obscrvsd that
nitrogen recovered by rice under pot culturc exneriments
 varied from 25.9 per cent to 59.8 per cent, The nitrogen use
afficiency in rice was less than 50 per cent (Hahendra and
singh, 1985). &g nitrogenous fertlliczers contribute ¢o a

gsubgtantial proportion of the cost of cultivation of rice and



only a portion of the applicd nitrogen 1s being utilised
by rice plant, as evident from the low recovery, 1t is

neccasary to ilncreasa the efficlency of opplizd nitrogen.

Mathods of increasing nitrogen use afflciency includea
oplit application, placement, foliar application, use of
nitrification inhibitors and slow release nitrogen fertillsers

(Oerttd 1980; Surendra and Prasad, 1984},

Abraham gf ale. (1975) found that the application of

40 kg B ha™2 as neem ¢oated urea wos equivalent ¢o 80 kg ha_1

as urca. VUrea treated with neem cake incressed grain vield
of paddy (Rulkarnl ok pl., 19752 Shanker gt al., 1976;

Jadhay gt al., 1983), Naem ceke treated urea was suvparior to
mahua oake extroact treated urea (tianickom et al., 1976). |
'Chakravorth%r(1979) reported higher effliciency of ammcniﬁm
sulphata, when blended with neem cakes Studies by Sharma
and Prassd (1980) and Pandey end Dayanand (1980) ravealed
that neem coated urea increased paddy yields, Accordlng to
Sinha et al. (1330} neen cake has nitrification inhivition
properties and blending with urea heiped in conserving

ammoniacal nitrogen in soil.

Blending nezm coke with urea gave significant yield
advantage and savings in nitrogen, in sxperiments conducted
in fammers® fleld et difforent locations in Kuttanad
(Cperationel Research Project Heport, 1980). Increasing the

efficiency of nitrogen Ly blending urea with neen cake has been
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reported by Prassd {(1920), In an ALCRIP trial conducted
during 1983«84 at Mancompuy, highest ylelds were obtained
when coal tar urea was used as source of nitrogen. Rao and
Shinda (1985) showaed that neem cake coated urea was effective
in controlling leaching loss, GStudies on the affect of split
application of nitrogen for high ylelding varieties conducted
at Mancompu Suring 1968«°71, 1974-'78 and 1983«'86 showed no
significant differencs botween timeg of applicatibn.

(Xoruth, Personal communicaticn)

Rock phosphate increased grain ylelds in Kuttanad

(Kurup and Ramsnkutty, 1969). Sharme (1973) has shown that
aprlication of sulphur cooted .urea is superior to urca applied
in a single dressing or split doses. ﬁahajah and Kelstha
(1974) concluded that urea cnd avmonium sulphate were better
than calefu: ermonium nitrate.faghavalu and Sreeram lurthy
{1875) experimenting with @lfforant sources of nitrogen for
low land rice found ammenium sulphate superior to urea, and
caleium ammonium nitrate. JMAccording to Saksena and tchrotre
(1978) applied nitrogen wera heavlly lost £rom urea than
armonium gulphate. Chahal gf ple. (1982) found that basal
dosa of neen éoated urea and rock phosphate coated urea
equally affective as urca applled as bast split, Primed rock
phoasphate wan found o be as efficlent as superphosphate in
-Kaprappadoin, Kayal and coastal sandy s0il in incréaaing rice
vielas (Madhusoodhanan snd Padmaja, 1902), .Subbian (1983)

conparing different forma of nitrogenous fortilieers showed
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that rock phogphate goated urea was the bast among the
sources tried and gypsum coated urea alsgo showed promise,
fuchades gt Bl (198@) found that nitrogen release from
sulphur coated urea was slow and that after three months
29,5 per cent of the applicd nitrogen remained in the
granules, Singh and Yadav (1985) recommending ways of
increesing nitrogen noge efficiency in low land rice, high

lights the promise of rock phoophate and gypsum coated urea.

Thus it can be concluded that these preducts go a
long way by releasing nitrogen from fertilisers slowly. In
sell, they undergo glow mineralisation or inhibits nitri€l.

cation and Amproves tho use efficlency of nitrogen by plants,

anGe on, _goll

tra ormatio

The biological and phyaiochemical changes that
accompany waterlogaing are important in determining the
suitobility of the soil for crop production, The availability
of asveral plant nutrients and the production of toxic
substances are influenced by the restriction in s0il aeration

regulting from submorgence,

The decomposition of organic matter leading &6 release
of cumonium lons proceeds at a slow rxate in a waterlogged soil
(Tenny and Waksman, 1930). Nitrate in a water logged soill was
found to be unstahle and hence egsily lost reports Patrick
(1960}, Due to flooding air movement through the flood watez
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was restricted and the soil has no longer adejuate supply
of oxygens Then facultstlve and true anaerobes became
active, If reductiag was intense, sulphste was reduced to
gulfide, The pil values were higher and had narrowver cange
than that of wcll draiﬁea solils (Reddy and Patrick, 1975).
Soil submargonce brought about considerable changes in
e;ectrochemical and chamlcal properties of soil which
affected the plant nutrition considérably (Fonnamperuma,
1972}, A less efficlent group of crganism with a low
nitrogen regulrement was involved in anaeroblic organic

matter decomposition in veterlogged soils (Alasander, 1977).

Patrick (1964) raeports that pil changed from 4.8 at the
most oxidlsed potential to 7.0 at the most reduced potential,
The production of hydroxyl ions as a result of reduction of
Eer;ic and manganic compounds and production of .ammonia csuld
account for pll rises of 1.6 unlts in acid sollz (Redman and
Patrick, 1965)s: The pH values-of Flooded soil was sengitive
to losgs of cerbundioxide and in most reduced soils it
equliibrated with carbondioxide at one atmosphere snd the
value was 641 (Reddy and Patrick, 1975). Sunil et al. (1982)
reported that during submergence of soils under lab conditions
soll pH gradually increased to stabhilised values in the
neutral range, Kabsesthuma and Patnaik (1982) noted that in
acid soils, the pH increased on £flooding. At 37°C, the

onset a~d complete reduction of nitrate was most rapldly
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effected at pH 7.5 while higher or lower pH values delayed
the onset and decrcased the rate of nitrate reduction (Usha
and Alan, 1982), Coampbell and Zenter (1954) aﬁd Wickrgmsinghe
at al. (1985) reported that soil pH 1p inversely related to
soil nitrate nitrogen, Studles by Martikalner (1965) showed
that nitrification was inhibited by ammonium sulphate and
Fotassium sulphate sdded to soil €rxom organie hordzon of a
pine foreat at pH 4,7 buk stimulsted at pH 6,6 and thét »04l
rH was deeraased hy salté but 1ncrease¢ py ur;a. According
to Goodroed, and Keeney (1984) and Rosebarg and Christensen
(1986) the rate of nitrification of added avmoniacal nitrogen
inerzased with increasing soil pH and nitrification was much

plower in strongly acidic soil) than in near neutral soil,

Submergance for 30 days increased specific conductivity
values and it vas closely related to the orgenic matter content
of soil. Orgonic matter influenced specific conductivity in
2. ways « by production of ifonlgable reduccd organic natorials
and by cerving ag an onecrgy scurce for reduction of inorganic
compounds to more seiuble forms (Redman end Patrick, 1965).

The increase in conductance during the ﬁirst few weeks after
flooc’.:lng was dur to rolease of e > and ,M_n';ﬂ followving

reduction of insoluble iron snd managgﬁﬁée hydrous oOxide,

2 2

displacement of catlons from soll co;ioi@a by Fe'? ang un®
(thnamperuma. 1977). Sunil et £l (19?2? rapofted that due
to submergence the electricel condictivity of soils waa .almoct

doubled and rcached peak valups by 4th week and remained so
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upto 5 weeks and then decrsasseds Salts increased electricsl
conductivity of soil in acid conditions, and the salts had
inhibitory effect on nitrification (Martikaeiner, 1985).

Heﬂman“éna Patrick (1965) found that the redox potentisl
decreased from high values immedintely after flooding to very
low valuoa after 30 dayse. Iron compounds were active in reta=
rding decline ¢f redox potantial after submergence, Hedox
potential of highly reduced soils was increased by snddition
of nitrate, According to Van Cleemput and Patrick (1974)
nitrate reduction rate increased with increasing pH and
decreasing redox potential; Reddy and Patrick (1975) reported
that, for continuscusly anaecrobie condition, the rotential
decreagsed rapldly to 300 nv and remained congstant thacgafter,
Studlaes by Bg&ﬂy and Patrick (197G6) ravezled that redox-
potential ﬁaluea below +340 mv vaa favourable for denitrifie
cation. Ponnamperuma (1977) found that redox potential
affects nltrogen status of the soll, avallability of
phosphorus and silicon and generation 4f organic ac;ds and
_hydrogen sulphite., Buresh and Patrick (1981) concluded that
'denitification is dominant in soils with Eh less than «100 mv,
Reddy and Patrick (1985) confirmed £rom their worke that an
Bh value of 300 mv at pH 7 was the break paint between

oxidiged and reduced zones,

Thus it can be summariséﬁ that submergence has profound
influence on thes rhyslicoschemical properties of rice soil which

in turn affect nitrogen transformations in the soil,



Dffoct O iminag on i € 3 an &t n
tranggormatgcn :

S0l acidity is comron in all reésons were precipitation
is high encugh to leach appreciable emounts of exchangeable
bases from the surface layers of zolls. It has been proved
that liming has a direct influence on the nitrogen transfore
mations in acldic soils (Tisdale and Nelson, 1975), Studies
by Murall and Riclsen (1978) revealed that nitrogen content
in a=rial parts of coybean lncreased with linming acid sulphate
soll, Hurphy and Follet (1979) found that liming of soil
reduces acldity and gtimiliated nitrogen fixation. ~Acecording
to Thiagalingem et al. (1979) growth of rice and sell pH were
increased by arplication of lime &0 flooded acid sulphate 5011.
Rice ylelds increased on liming ecldic solls (Gajbhiye, 1980),
Merzlyakov gt al. (1981) noticed that application of lime or
open-hnearth alag increased the uptake of 501l and fertliizer
nitrogen. Studies by Attanandana and Vacharotayan (1984)
revealed that liming was very necessary for solls with pH less
than 4.5 for good vields, Subba Rao and Ahmed (1984) coneluded
that raising the pH of extremely zcidic soils from 4 0 5 with
Ca(OH)2 and NaOH solutions resulted in sharp incre=zse in uraea
adgorption. Liming acidle solls increased the oil
(Chanchareonsock and Panichaokpetna, 1984; Datta, 19847 and
Yaria et al. (1985}, <“he favourasble results produced due to
liming of acid solils could be attributéd to a four fold change
as described by Baligar and Benbet (1986).
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1. Eliminates acidity and reduces toxicity of aluminium
and mangancae,

2., Improves structure and calciun, phosphorus and
molybdenum aveilabllity.

3« Creates favourable conditions for symbiotic nitrogen
fixation.

4. Reducas availabhility of zinc, manganese and coppcre

Experiments conducted at Kuftanad revezled that
liming was edisential for better nitrient avallability and
vield increase, Due to the high acidity in these soils
depletion of exchangeable bases, nutrient status and plant
available nutsients show extreme variations depending on the

vagaries of tropical) conditions,

Idming experiments conducted by Subramoney and
Sankarsnarayanan (2963} concluded that f£fully burnt lime, when
applied at sowing glves maximunm benefit. Anandavalll gﬁ,gl,
(19656) reported that the application ofllime to- Xuttanad soils
increased the avafllabla nitrogen in soil.Kurup (1967) in his
studies revealed that liming.favourea mineralisation of soil
nitrogen. Kabeerthuma (1969) reported that liming incroased
the avallabllity of nitrogen by enhancing the minaralisation
of organic matter, Sukumaran gt. 2l (1971) ané Kobeerthuma
and Chithranjan {1973} found that lime apnlication to kari and
karappadom colls hed beneflcial effeets on growing rice and
that the optimum dose of lime fbr'ﬁaximum afflicieney was half
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the 1ima requirement for Karappadom soils, Kuruvilla (1973)
suggasted that acld sulphate solls of Kerala could be
ameliorated for growing goaa rice crop by lcaching of salts
followod by applicsticn of lime and continuous flooding,
Kabeerthuma and Patnaik (1982) noted, in acid soils that the
pH 1ncr§aseﬁ on flooding, Liming smeliorated soll acidity
and sugumented the calelum and magnasium status and lime

potential in seil (Datta and Gupta, 1983),

From the above review it can be conecluded that liming
plays a definite role in acidic solls in modifying the soll
properties and making conditions gsultable for availability
of othér matrients, It aleo plays a major role in the
nitrogen transformation. ilence it is necessary that such

solls be limed for bhetter yields.
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MATERIALS AND METHODS

‘The present study was aimed at studying the
mineralisation pattern of dlfferent sources of niltrogen

in karappadom soils and thelr interaction with lime,

The study comprised of two parts.
A, Laboratory experiments

B, Pot « culture experiment

The experiments were conducted during the period from

January 12886 to December 1986, at the College of

Hortlculture; Vellanikkara, Trichur,

The soil for both the experiments was éollected

during the month of December 1985 firom the Rice Reszaxch

18

Station, Mancompu, from a site where bulk crop of rice was

grown. The as0il taken Ffrom the top 15 cm depth was alr

dried under shade, sleved through 2 mm sieve and utilized

for the study. Mechanical composition and important

characteristlics of tha soll arz givem in Table 1.

Table i. Physico=chemical properties of the soil.

A, PEhysical characteristics

Mechanical compusition
(International pipette method, Fiper 1350}

Coarse sand 10.4%

Fine sand 19.53%
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Table 1 (contd.) i\ 1 .

,.J“l . < )
Silt I 25455%
Clay . . el 40,82%
Textural class Clayey
Mofisturs at 1/3 atmospherie tension
(Pressure plate apparatus, Richards, 19489) 14.9
Moigturae at 15 atmosphoric tension
(Preasure membrane apparatus, Richards, 1947) - 9,68%
Water holding capacity (maximum) 35.4%

Be $cal chara stic

p (132,5 soil water suspension)
{Elico pH meter, Jackson, 1958) 4,5
Electrical conductivity (122,5 s0i
water, suspension)
{Direct reading conductivity bridgs,
Jackson, 1958) 0,3 mmhos/om
Cation exchange capacity 27.23 me/100g
Organic carbon _
(Walkley and Black Method, Piper,1950) 1,869
Total nitrogen
(Macro=-Kjoldhal, Jﬁckson, 1958) 0637%.
Available phosphorus (Bray I extract)
(Chlorostannous reguccd- molybdophosphoric -1
blue colour method, Jackson, 1958) 11.66 kg ha
Available potassium (Neutral normal -1
anmonium acetate) : ' 125 kg ha

(Flame photometrie Methed, Jackson, 1958)



A, LABORATORY BXPERIMENIS

Laboratory incubation study was undertaken to study

tha pattern of transformation of nitrogen applied through

dlsferent fertlliser scurces under limed and no=lime

conditions and alszo under two different molsture regimes,

The treatments woresl

le
Za
3e
de
Se
Ge
Te
B
Ve
10.
i1.
12.
134
4.

No nitrogen « contrnl (HDC)

Iime + no nitrogen-control (LC)

Urea (L,U)

ILime + Urea (LU)

Ammonium sulphate (QD&S)

Lime + amaoniuwrn sulphate (LAS)

Neam coated urea (QDNCU)-'

Lime + Hoem coated Ureaz (LNCU)

Nean coated ammonium culphate (LbNCA)
Lime + NHeem coated ammonlum sulphate (LNCA)
Gypsum coated ures (L GCU)

iime + Gypsum coated ures (LICU)

Rock phosphate coated urea (QDRPU)

Linme + Rock phosphate coated urea (LRPU)

Ong sot of treatments were kept at complete submergence and

*he other at 70 per cent of fleld moisture capacity,

Esperdment (1) Studies on soll reaction of karappadom soil

This exporiment was aimed at studylng the change in

pH due to submorgence and liming of soll and ita conseguent
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effect on the transformation of different H fertiliser
materials, Soil woter suspension (131) was used to determine
the pH of soil in all treatments. The pH reading was taken

at periodic intervals using Elico pH meter,

Cymarime 2) Studies on the redox-potential (Eh) of
karappadom soil

This experiment was to study the change in Eh due to
submergence of soll and its effect on the tranaformation of
different N fertilizer matcrials over a period of time,

(30 days) Soileiater suspension (181) was usede The Eh
readings were taken using platinumereference combination
electrede in an exidation Reduction Potential metere. Model
M=1K of TOA Electronics Ltd. (The reference electrode is
silver « silver chloride olectrode}, Tha values were
corrected with respect to the potential of standard wt

ion electrode,

Experinent (3) Studies on the electrical conductivity (EC)
of Karappadom 50il

This experiment was intended to study the change in
electrical conductivity due to submergence snd the affect of
N fertilizer materials and lime on the changa in EC; ©Goil
water sugspension (1:2,5) was used., The EC of the suspension

was measured using direct reading conductlvity meter,
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Exnepimen Studies on the nitrifying organism of
karappadom soil

Hitrifying bocteria, belng difficult to isolate they
are usually detaected 4n soil by suitable tests and determining
their most probable nurbers (MPR), In this experiment serial
dilutions of 10 g soil sample were made ond 1 ml aliquots of
each dilution were transfered into tegst btubes contasining 3 ml
sterilised NHQ - CaCOs mediun, Tha tubes were plugged ond
incubated for 3 weeks, at 28°C for determining MEN of
Nitrosomonas. In the case of MPN for Nitrobacter, N02 - Cacﬂa
mediun was used to enumerante the organisme At the end of the
incubation, thoy were tested with Griesse-lllosvay resgent and
the negative and positive tubes were marked, Based on the

data the MPN was calculated from tabkle provided by Alexender
(1968) .,

Byreriment {58) Nitrogen transformations in karappadom
soils at submerged molsture regime,

Soil sanplea (20 g) were mixed with required quantities
of diffarent sources ag per treatments to give a final concene
tration of 100 ppm N with respect to soil, and kept in plastic
containers, Lime was gdded at the rate of 1000 kg hé-i. In
the case of neam coated urea and nasem coated ammonium sulphate,
neem wag coated at the rate of 20 per cent by welaht of urea
and ammonium sulphate. After the addition of lime, the soils
were kept submerged for 7 days, prior to the addition of the

fartiliser materlial., 2Abgolute care was taken o naintain
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equal quant1t§ of water in all containers by adding
distilled water. Sufficient number of replications were
kept, 50 as to remova duplicate samples at dlfferent
intorvals for 3 months, Samples ware analysed for

ammoniacal, nitrite ond nitrate nitrogen,

Exvoriment (8) Nitrogen transformation in karappadom
soils at non-gsubmerged melsture regime,

Soll samples wereo incubated in the similar way, as
in ewperiment. 5, but, here appropriate quantity of distilled
water was added to malntain the soll at 70 per cent of fleld
capacity. Samples were drawn in duplicate and estimations
vere carried out as in experiment S.
Sol

TO chg soil, 2 M neutral KCl solution was added and
extracted for one hour. It was f£ittored through Whatman No.42
filter papér and the extract wag used for analysis (Bremner,
1965), Ammoniacal nitrogen was estimated by steam diseillation
{Bromner, 1965}, nitrate nitrogen by chromotropic acid method
{Sims and Jackeon, 1571) and nitrite nitrogen by Criess

Illosvey method (Bremner, 1965),
Be POT=CULTURE EXPERIMENT

A pot culture stﬁdy was conducted to £ind out crop
response to the application of different sources of nitrogen

along with the aeffect of lime,
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Soil)
The soil Zor the experiment was collected from the
Rico Research Station, Moncompue. The detalls of tho charae

cteristics of the soil_is given Table 1.
5 . m

The pote=guliure stuydy was conducted during the period
from June 1986. to October 1986. Metcorological data for the

crop period sare presented in Appondixe.la

Lav out

The experiment was lald out in completely rondomised
dasign, s0 as to sample two replications each at four
intervals viz, maximum tillering, panicle initiation, flowering
and harvast, Separate replications were set to semple soil at

these four intervals.

Tr an

~ All the fourtcen treatments of the laboratory evperiment

vera used in the poteculture studies also,

This is 2 high analysls fertilizer containing 46 per
cent Ne It contains N in the amide form, It is readily
seluble in water and eanily deccmposed by micro-organisms
~in soll.



Neem copted urgg

Heem (Azadirachia indigg) cske is one of the casily
avallable noneadible indigentus cake reported to posses
nitrdfication inhibiting propertiecs. Xnown amount of urea
was taken in a polythene bag and coal tar solution added
(2 m1/100 g fertiliser) and contents were mixed thoroughly.
Than fresh finoly powdered nceém cake was added at the rate
of 20 ¢/100 g urea and contents were again thoroughly mixed

so that an uniform coating was obtalned.

Ammonium _sulphate

This 1a the well~known nitrogenous fertiliser to the
gultivators of Indla, It containg 20«21% W, It ig

crystalline, stable, soluble in water and stores well,.

Heem coatod anmonium sulrhate

A known cuantity of ammonium culphate was taken in a
polythene bag and cpal tar solution (2 ml/100 g) was added,
It was mized well, then neem cake was added (20 o/100 )

and contonts were thoroughly mixed,,

Ggagnm cgate§ nrea

The materiel uscd was supplied by Madras Fertilizers
Ltd, It contalned 32 per cent urea N, 8,5 per cent caleium

and 6.5 per cent sulphur,
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Rack phospha 4 ren

Thig fertliliser material was also supplicd by
Madras Fertiligers Ltd, It contained 31 per cent Ureag N

and 4.6 per cent ?205.

Crop

The rice varliety seleccted for the study was Jyothi,
a croas between PTBe«iD and IR=3, This variety has a
duration of 110 to 125 days with moderate to profuse
tillering habit, good fertiliser response and an yleld
potential of 5.5 tons ha'l. ‘The colour of bran is red and
the grain is long. It L2 moderately tolerant to BFH and
blact, It is susceptible to sheath blight and sheds grains

ot maturity,
£ 11

The paddy secds were obtained from the Agricultural
Research Station, Mannuthy. The secds ware soaked in water
and incubated in a warm, molst place for gsprouting. The
germinated seeds were sown on the third day, in pots previously
prepared for'the pusposes The seedlings were pulled out on the
21st day after sowing and transplated into the prepzred pots
containing 5 kg s0il eachs The =201l in the pots ware submerged
for two weeks, Lime was added and az weok later the seedlings

wore transplanted.
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Irrigation

The pots wore watered and the level of water

malntalned unifoonly upto harvest,
N4 ication

Fertilisersz were appllied at the rate 90: 45t 45
of | onsaxzo. ka hd'l. Hitrogen was applied in two splitay
half at tillering snd the remaining a week before panicle

initiation stage,

After cultivation

Heading and plant protection operations were carried

out as and when required.

Obgqrvationg
Poriodic sol) asnolvals

Soll samples were drawn from two replications at

periodic intervals and ana;ysea for Hﬁz - N, NOE - B and
NOE = N, The pt! and EC of the soil was also recorded.

Nﬂz = N was estimated by steam distillation {Bremner, 1965),
No; « N by chromotropic acld method (Sims end Jackson, 1971)

-

and N0, « N by Griess - Illosvay Hothod. (Bremner, 1965)

The plents were selected from each treatment and the

observations wore made on these plants,
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Plapt heloht
Height was recorded from the basa of the plant to

the tip of the longest lcaf,
¢ O

The nunber of tillers in a3 hill was counted at

neriodde intervals, till harvest,

Loaf area iIndex {(LAI)

The plants sampled at different periocds were used to
detormine the LAX. The total leaf area 0f the plant was
found out by measuring the length and width of leaves 2nd
multinlying it with the factor 6.8. The leaf area index
was computed as £0llowse

Tota}l leafl are

LAZ Total land areca

D maticl N io

The samples drawn for measuring LAI were used for
determining the Ary matter production. The plants were
oven dried ot 70° & 2°C and total dry welght cxpressed as

g plant ~3,

1ald oare rS

Numbae of panicles wor nlant

The number of panicleg in eachi hill of each
replication was counted and the mean nuvwber of panicles per

plant was noted saparatelye.



Numbar o ajot rand
The number of spikelets in each ponlcle of a

raplication was eounted and the average number of apikelets

rer penicle vas recorded.
Gral, (=)

The weight of grains in cach replication was recorded

and expressed as g pot-I.

Che cal_ans a
Total nitrogen

The total nitrogen in the plant sample was estimated

by fcro=kieldahl method (Bremnmer, 1965).

Total phognhorug
The plant gamples ware ground and P content detarmined

colorimetrically by vanadomolybdate method,
T otasgium

The potassium content in plant somples were dekermined
uging flame pnotometric mothods Chemical analysis of grain

and gtraw was done saparatelye.

Untake of N, P andg X

The H, P and K contents of the plant were multiplied

with tholr respective dry mattor yiolds to got the uptake

values, It was expressed in mg planﬁ'i.



30

S st nalyai

The dota obtalned from the ineubation stuaies‘ ang
the poteculture studies werc subjected to statistical
analysls using analysis of variance technique (Fanse and
Sukhatme, 1967).



RESULTS AND DISCUSSION
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SULEE AND DISCUSSION

The data from the laboratory sxperimonts age
presented £irst ang thece are followed by tha results
from poteculturs atudy.

Liagho ey

Exrepinont 1é Studies on coil feaction of
karappadom soll

This experiment was undertaken to study the changaes
in pH due to submergence and limlng of soil and its effect

on the transformation of dlfferent N fertiliser materials,

The data on pil of the sell are glven in Table 2 and
representative N =zources illustrated in Fig. t and 2. The
qhanga in ptl Guo to submergence, application of lime, and -
N fertilisers showed that liming increzsed soil pH compared
to its corresronding unlimed treatments, during the initlal
days of submergencee Thereafter, though the linzd treatmaents
recorded higher wvalues, the difference was not considerable,
in the case of unlimed urea, the pH incroased upto 5.3 on the
30th day and was maintained almost the same till the 90th day.
then limed, the pH was 6.2 on tha 2nd day and it renained
more or less the same 11l the 5th daye. It gradually
decreased to 5.5 on the 45th day and was maintained at 5.6
till the 20th day, 'ith unlimed emmoniuvm sulphate, thore wos



Table 2, Changes in pH of the soll on submergence as influenced by Nesources
and lining
: Bays after incubation

Treatments | 2 5 10 15 20 30 45 60 5 20

Loc 4,5 4.4 4,5 S5e5 55 55 Sed S5e3 Sed 526 55
Lc 501 5.5 5.‘ 5.5 S‘S 5'6 5'8 5.8 5..3 5.8 5.7
LU 4.8 4.9 S5e1 4.9 5.0 S5al 5.3 5.2 5.3 5.3 5.3
Ly 56 6,42 6ol Se7 Se8 Se9 Sed 5e5 56 S5e¢8 SeH
Lohs 4.6 4.4 444 4.4 S50 Se2 5e3 Sel Se2 545 S50
LAS 4,7 5Se2 5«0 53 Se3 Se2 Sed Se2 55 5.8 Se3
LbHCU 4.5 4,6 Sal Se2 5.0 Se5 Se6 Seéd Se5 59 6.0
LNCY Se6 Deb 6ot 595 545 Se? S5a7 Sed S5 6.0 5.8
QQRCA 4,3 4,3 4.3 4,5 Se2 Sed Se0 S5eS 55 S5 S5e5
LNCA 6.1 5.8 52 501 S5e3 5e5 546 546 Se5 55 Se6
LOGCU 4.7 4.8 ‘.9 5.‘ 5.5 ) 5.8 5.9 5-5 5.6 5.7 5.5
LGCU 546 645 6ol 5e5 Se6 548 6e3 6.0 6.0 6al 5.8
BORPU ‘.9 4.9 5.1 5.4 5.5 5.6 5.6 5.5 5.6 506 5..9
WU 6.‘ 6.5 6'2 5.5 5.7 5.8 6.3 6-1 6.1 6.1 . s.a

¢€

7
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10th day, £ollowed

a decrease in pil from 4.6 %0 4.4 on the
by an increase by one unit, whereas, for the limed troatment,
thera was an increase £from 4.7 to 5,2 on the 2“‘ daye. After
the 1oth day the value remained ailmost constant till the 45th
day. There after there was a slight incresse o 5.8 and then

th

a decrcnse to 5.3 on the 90 daye

For coated fertilisers (KRCU, NCA, GCU, RPU) the
increase in pH due to iirming was higher. When compared with
the uncnated fertilisers (Urea and AS) the Aifference hetween
limed and unlimed treatments were highly conspicuous upto
5 dayse. From the 30ﬁh day onwards, limed GCU and RPU showed

th

and increase in pis On the 90 day the limcd and unlimed

treatmente had almost similar values.

Digcuasiont Xt could be seen that the pH incrensed on
submergence. This observation is in confirmity with the
general observation that pH increases in acidiec s0ils on
submergance. (De Datta, 1981). The reatricted diffusion of
oxygan in flood water followed by soid) reduciion which
invelve the canéumpbion of ¥' ion would have rasulted in the
increase in soil pH, The Karaypadom solls have a high content
of ferric and manganic compounds (Fisharody, 1963) and an
increase in pH would be mainly due t0 the reduction of iron,
represented as

0

Fe(CH), + 3 H ¢+ e—— > e + 3 H,0

A nearly stable pH attalned after a3 few weeks of
submergence could be due 0 the stabillsstion of partial
pressure of ecarhon donide. There was an increasae in pH

due to lirming during the initlel 10-15 days of submergence



34

for all treatments becausé. the liming material ;aactca
with acid aoil replacing the hydrogen ions on the colloidal
complox, Calclum ad=zorbed on the qolloidal complex might
have raised the percentage base saturation and the pH
pushaed up.

| However, it should be noted that after Ze3 wecks of
submergence the pH differance between'limad pnd unlined
treatments nerrowed down. This was due to the effect of
submergence.w It may be probable that benoficlal effect of
liming was more as é source of calcium in the soll than
ameliorating the socil pH. The temporary ncutralising effect
of liming on active acidity might have been masked by the
potential aciditg 65 the soil. |

For iimed uren, the pH incressed sharply on the 2“d

éay of submefgence compared to unllimed urea and it graduslly
reduced almost to the initial value after the loth any
(Fig.1). This temporary increase wazs probably due to the
beneficial effoct of lime in anhancing urea hydrolysis, It
18 established that urea hydrolysis increnses sol) pH, as
evident from the following reaction.

(mzz)2 Co + 2 H20 _— {NH4)2 c03

By the 5th day, the hydrolysis might have been completed and
hence the pH declined.
The increase in pH that was noted for limed armonium

sulphate (LAS) cculd be Gue to the effcct of submergsnce and



application of lime, Compared t0 urea, the increase in pH
for ammonium sulphate soon after submergence was not vary
drastic, HHence, the higher pH maintalned by urea was due to
hydrolysise | .

There was an increase in pH for coated urea fertilisers
(GCU, RPU and NCU) in the presance of lime, just as in the case
of ureas Therefore, 1t could be that irrespective of whether
the materlsl 4s coated or not, the process of urea hydrolysis

was enhanced by liming.

£ ™ = 2. Studies on the resdox potential of
Kerappadom soil.

This experiment was aimeé to study tho effoct of
svisnergence and liming on the Eh of the soll and Aits influence
on the transformation of N fertiliser materials. The data
pertaining to this is presanted in Table, 3. and reprogentative
N sources deploted in Fig, 3 and 4,

On the first day of incubation the £h volue ranged from
+265 mv for l}med'uzea o +170 mv for limed rock phosphate
coated urea {(LRFU), On the Sﬁh day, the value drastically
decreased in 511 the treatments.. It ranged from +25 mv t0

+9¢ v, From the sﬂh

around the loth days The Eh values deoraased thereafter €11}

the 20th day and was maintained t111 the 30%" gay,

day, the values increased, to s maximum

~ The limed treatments recorded lower valuos compared to

thé unlimed treatments, itlowvever, the difference was not



Table 3.

Chang=s in redox potential of the $0il as influenced by

Negources and liming (in mv)

Days after incubation’

Treatments 1 2 S ‘10 15 20 30
Loc +225 +20% +55 +166 +154 +30 +30
LG +200 +220 +75 176 +164 +50 +50
LU +250 +135° +75 +206 +236. 4105 +105.
CLU +265 +189 +55 +176 +104 +25 +20
B, A9 +245 +225 +60 +246 +274 +90 +50
‘TAS +195 +200 +70 +196 +139 +35 +35
Loncu. +225 +130 +35 +196 +169 +50 +55
LNCU +175 +165 +25 +206 +149 +25 +25
L,HCA +215 +195 +90 +186 +294 +120 +120
LNCA +200 +185 +55 +196 +189 +80 +85
L,GcU +180 +135 +90 +1886 +104 +80 +85
LGCU 4180 +105. +35 +211 +169 +35 +35
L REU +205 +185. +60 +201 +179 +70 +75
LRPU +170 +175 +45 +176 +144 +70 +75

9¢
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drastic upto tha 10th day. Between tha coated and uncoated

fertiliser traatments, there was only a very slight variation,

D ssions: There was a repld Gecline in Eh immediately on

Sth day folloucd by a sharp increass

‘submergence upto the
upto the 10°" day, This inittal rapid drop in Eh night be
due to thg production of hydrogen on submergsnce (Tamane end
Okazaki, 1982) or due to the ralease of reducing substences
accompanying oxygen Gepletion bhefore Mn (IV) and Fe (III)
oxide hydrates ¢an mobiline thelr buffeoring capacity. There
was a gradual decline in Eh from tﬁm xo““ day to the 20th day
before the velue got stablised at 30" Gay. The decresse in
Eh after the 10th day might be due to the decreased activity
of the oxidised phase, an increased activity of the reduced
rhase and accompanied by en increase in pi. Results of this

observations are in confirmity with that of Ponnamperuma {(1977).

The Eh values of +105 mv to +25 mv on the 30*“ Qay of
gubmergence lndicated that the meln redox system operating
uiider this situantion was ferric « forrous and manganic
manganous syctems. The high anount of iron present in the
soll would hava prevented the decline of £h to the neqgative
values, Hence, the reduction of sulphate to sulphides would

not have occurad under the present situation.

Nitrogen sources were pot found to influence seil bh,

This might be because, no nitrates, which would have affected
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the Eh could be detected in any of the Hescurce upto BOth

day of submergencs, 7There was a degresse in Bh value for
1limod treatments compared to the unlimed treatments, This
eould be due to the inercase in rH of the limed treatmont.

Eh varies inversoly os pl (Redmon and Patrick, 196S).

E m -« 3, Studies on the electricsl conductivity
of Harappadom aodl, _

This experiment wvas conducted to study the ehangs
in BC due €0 submergence and also the effect of N fertiliser
material and lime on the EC, Tho data are precented in
Table.4 and thone of a fow reprasgntative troatments 4in

F&g- 5 and 5._

The EC values inoransed gradually with time of
$ncubation, Batwasn trectments it rongcd £from 0.28 to 0,77
schos/cme on the 1°% day and from 0.49 €0 1415 mmhos/ecm on
the gnth daye. The troatments with I sources had hicher
values when cowparad €0 controle For both limed ond unlimed

5th

control, EC increased stoodily €rom the 1 day onwards,

whereas, in the trantmonts with 9 sources the increase was

noted from the Sth day iteolf, On the first day tha highest
value of LC was for the trentment with NOA followed by that

with ereoniur sulghato (A5), ALl the othor traatments maintained

simdlar valucge By the 90"

day, for RCA the increase was from
0.75 £0 1415 mwhos/em and for AS it wos from .64 to 0695 mmhoa/em,
Thore wao 1llttle varlation hetween other N sources on any day of

incubation.



Taplﬁ 4,

Changes in electrical conductivity (BC) of the spils as
influenced by N sources and liming (in mmhos co=1)

Days after incubation

Tgeatments 3 2 5 1915 2030 45 60 %90

LC 0430 0430, 0428. 0.29. 030 0433 0e34° 0442 0,58 0455 0465
LC Ge31 0428 0434 0.3 0439 0.40  0.38. 0.33. 0446 0.55 0.48
LU 0426 0428 0433 043¢ 0481  0.43. 0.63. 0.35. 0443 055 De73
LU 0e36 0.3 041  0e40 0440  0o81. 0¢39. 0435 0442 0450 0,68
L, AS 068 061 0463 D64  0.69  0e68. 0e67. 0o72 0485 1,00 0495
LAS 0e65 0e55  0e61 0461 0466 0466 0468 0,70 . 0487 . 1,00 0495
L KCU 0628 0428 0436 0.36: 0e37 0437 0040 0438 . 0,44 . 0e55 0.89
LiCY 0029 0443 0,47 0485 0447 0,87  0.42  0.39  0.42 0.50 0450
L HCA 0677  0e72 ° 0673 0,74 080 0482  0e81  0.77 091 1.00. 1415
Luea 0072 0477 0e89 0479 089 0489 0488 0848 0,97 1,05, 115
L,GCU 028 0426 ° 0634 0638 080  0e39 0439  0e36 0452 0.65 0.73.
LGCU 0027 0e44 ' 0487  0o51  0e55 0655  0e52  0e55  0a60 0s60. 0,75
L REY 0e22 0427 © 0e34 0436 0.4  0u42 0443  0.39 0,48 0450 0475
LREU 0040 0e39  0ed3 ~ 0e43  0e82  0u44 046  0De43 0457 0470 0470

6€
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Datween the limed and unlimed treatments, limed
treatments recorded highoer EC values, The difference, was
notable upto tha 2ot“ day, 1t norrowed graduwelly, reaching

oth

similar values from the 6 daya

Digeuanions There was an incrsase in EC following submergence
of tha snil, for all troatmenta. This increase in EC might

2

bo due to the release of Fa'® and Mn+2 following reduction of

insoluble ferric and manganic hydrous oxide, accumulation of

NH:, Hco3 and RCOD™ and displacement of cations from soll

e and Mn+2. Ponnanperuna, (1976) also reported

collodds by Fo©
an inerease in ER on submergence, The hicher EC valuop
recorded by NCA and A5, compared to the other Y aources was
probably due to the dissociation of ammonium sulphate preducing
ammoniumn and sulphate ions, There.was an increased values for
EC in limed trsatments compared o unlimed trestments. Liming
might have indircctly influenced the EC by increasing the ionic
coneentration, Liming might have increased the concentration
of hydroxyl ilons phosphates, molybdates ete. (Brady, 1974).
Taviards the énd of the incubation study, the values for lired
aﬁd unlimed treatments, were found to be more or less the same,
The expected reason for this is the similarity in ions between
the limed and unlimed trestments, with periocd of submergenca,

Exnepimont: « 4, Studies on the nitrifyving orgénisms of
. Raragzpadom soil.

As it is difficult to isgolate the nitrifying organisms
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they were determined by their most proboble numbers (KEN).

The incubation was carried out for 3 wecks. At the end of
the period they were tostcd for MO = N with Griess = Illosvay
reagents It was found that the tubes set for determining

“P8§ of Nitrosononas us well as that set for Hitrobacter gsve

.negative resulta.

Discusgions The taost tubes gsot for deternining MPY of
Ritrosomonas contained ammoniuvm ions in the mediom, Had
there besn sufficient organisms to convert this to nitrite,
the test would have given positive rasults with GriecsseIllosvay
reagent, As the results were negative it could be concluded
that there uefo no sufficient arganiem to carry out this
reaction. Similorly, for determining MPR of Hitrchacter, the
mediuvm had nitrite, Since thare were no organisms to convert
this nitrite to nitrate the tost qave negative result (by
producing pink colour with Grisss « Illosvay reagent). It
could be assumed that the rote of nitrification in Karappadom
o0il was either slow or negligible,

Zxgapingnt = 5, litrogan transformations in Xarappadom
' lolls‘at submerged moisture regime,

This study was conducted to understand the nitrﬁgen
gransformaeisn of different N sources as affected by liming
in £looded xz0il.

48 no NO, w 8 could be detected ti21 the 30%Maay,

another sat of semoplos were incubsted for sampling from
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45N £o oo™ asy,

N&; « N content:e The data are given in Table S (a} and

5 (b)s Few representative treatrments are illustrated in
Flge 7 and Fige. 8. The analysis of variance 1s presented
in Appendix, II,

The N&j = Ii content increased gradually till the
4™ 9ay and then decreasea till the 30%® day, similerly,
on the 45th day high values were recorded which decreased
by the 9ath daye On an average, 1iming inoreased the

wﬁj - N content,

On the 13t day after fertiliser application NHI - N
was maximum for aswmmonium sulphate the contant in all other
treatments were on par and lcast valua vas recorded by RPU,
Liming 4id not significantly influence the NH: = N content,
The effect of interaction was significant 2nd maximum value
was reparted by AS, which significantly decreased on liminge
The HH: - H content in RFU and HCU increansed significantly

with liming.

On the 2nd day, the NH: = N content increzged in all
sources except AS, The maxlmun content was recorded by NCA
followed by GCU, There was significant reduction in NH: - N
conteant on liming. Interaction of 0 soﬁrcas and lime was
significant with highest values recorded by unlimed coatad

fartilisers (NCA, GCU, RPU), The limed treatments showed




Table 5 (3)e Cffect of Negsources and lime on the armonlacal nitrogen content
(ppm) of the soil at submerged moisture regime (1-30 days)

Treatw lat dav 204 day ' 4th _day Sth _day
mentg,  gource ynlimed limed  gourge unlimeq limed source ynlimed Jimed  gourge unlimed ijmed
Urea . 58415 48,82 67.48 69463 T1.79 67,48 83,99 B83.28 84.71 73.94 83,27 64.61
AS 83,28 89,02 77,54 78.54 74,60 83,28 85443 74.66 96.20 65433 65.05 64,61
RCU 56,00 4021 71.79 72451 T1.79 73,23 90,45 87,58 93,32 60.30 53.12 67.48
NCA 63e17 70436 55,99 B83e28 90445 76.;0 83428 86,16 B0.41 7538 78,97 T1.79
GCU 54.56 5887 5022 82.20 €687 77.53 86.14 63,27 89,02 60,30 53,13 67.48
REPU 52443 41.64 63,23 75.38 78,97 71,79 84,71 77.54 91.89 85,87 97.63 T4.12
Mean (58415) (64.38) {79.08) {74,90) (82,08)(€9,30) (72.03) (684,35)
‘P CD(SX) SEmg 'P*  CD(5%) SEmg " Cn{5%) SEmt 'r*  CD{S%} SEmi
Lect Last fest Lost
Source Sig** 12,68 4,17 SLg®* 5,51 1.81 HS - 3.38 Sig®** 10.50 3,45
1ime NS - 2.4 Sig* 318 1,05 Sig* 5.59 197 NS - 1.99
Intore
action Sig** 17.93 5.82 Sig®* T.79 253 N5 - 4,76 Sig** 14.85 4,82
AS § Ammonium sulphate NCU ¢ UNeem costed Urea NCA ¢t Heem coated armoniuvm sulphate

GCU & Gypsum coated urea RPU 3 Rock phosphate coated urea.

Contdescese

€7



Table 5(0) (GOﬂtﬁo.-)

0th gav

SOUTCe UNe 1immed

limﬁd

b _day ~Ldth day Jdoth daw 23cd_day
Source une- limed Source un= limed Source un- limed Source un= limed
e limed limed 1imed _limed
61lad9 54,06 65432 TDeS7 71679 6943% T2451 77653 67,48 8i,25 GBe92 59458
68220 74466 61.74 50697 63,89 38404 51469 64,61 38.77 61.74 68492 54,56
62610 56672 67648 61,30 59458 63617 55499 40420 71,79 53,84 50,25 57,43
64461 70630 S8e8T 68435 67483 69622 54459 4154 57,55 55,19 48,64 61,74
58430 5199 64461 51e68 40620 63617 54420 54,56 53.84 66,76 G4.61 68,92
80405 67648 02461 78,74 74422 83,28 63489 53012 T4eGE 71,07 76,10 66,05

(62.54X63,04) (62,25 64,37} £5.28){(52,39) 62.,90) 61,38

68600
51.6%2
55404
37428
62,41
684,76

G8Be77 67433
73,08 30,71
69,77 42,92
484,60 65490
53418 71,64
G446 73,07
(562,82 (58,59)

'F'test CD(S%) SEmt

*F'test CD(S%) SEmt 'P'test CD(5%)SEmi

'Fieeat CD{5%) SEm

'FPltegt CD(SH)SEmt

NS - 4022
NS - 20,43

Sig*'k
NS
s,_gtﬁ

10639 3441 NS
12,69 4,76 N3

Te37
4.25
10,29

NS . 715
0431 - $4432
HS - 10,46

Sigt* 10,79 3,54
NS - 2405
Sigr® 15427 4,95

b7




Table 5 (b)e Effect of H-sources and lime on the ammoniacal nitrogen
content of the soill at submorged molsture regime (45 to 90 days)

— 45th day 6dth day a0th day

Treatments Sgurce unlimed limed Source unlimed 1imed source uniimed limed
Urea T6e81 77453 76,10 CT1.54 74 .66 68441 68,38 T3.22 63453
AS 82,18 74.62 894,74 56474  69.41 64,08 60,66 6677 54,56
NCU 83.63 83,929 83,28 62,81 58414 67 .48 56470 48,79 64.61
RCA 83,28 83,30 78425 64,66 69,78 59453 55425 454,85 64,64
GCy 84,17 £85.,07 83,28 58643 47 .43 69 .44 60673 59,59 61.88
REU 80.04 78625 81.8¢ 7467 7037 78,97 6748 64,61 70638
Mean (81,30) (82,08) (64,27} (67,99} (59.81) (63.26)

'Fltest <CD(5%)  SEm: 'F'test  CD(5% SBmt ‘F'test CD(5%) SEm#

Source NS - L 82 Sig*~ 8.48 278 HS - 3.77
Lime HS - 2,78 NS - 1.26 N3 - 2. 18
Interaction N8 - Ge74 Sige+* 9447 307 NS - 5427
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almost the sane value ranging f£rom 67.48 to 83,28 ppm

irrespective of the socurce,

On the ¢th day also, ths content increased, with the
highest value being for KCU closely followed by GCU, All
the treatments were on par, Effect of liming was significant
in increasing Nﬁ; -~ N content. ﬁhereas.'the effect of

interoction was statistically insignificant,

On the Sth day, the nffect of N sources and intere
action were significant, However, the affect 0f lime was
insignificant, RPU rccorded the maximum content followed
by NCA., KCU and GCU gave the lowest values, Urea, AS, NCA
vare on par. RPU without lime recorded high valuesz but for
GCU liming increased the content of NHZ - N,

On the 9th

day nelther the effect of N sources, liming
or interaction was signifi&ant. RPU pecorded the highest
content, among the dlifferent i sources,

lth day was sigﬁificantly

The N, = N content on the 1
influenced by the ¥ sources and interaction, Treatments with
RPU, NCA and Urea were on par and these with a5, NCU, and GCU
wvera on pare In combination with. iime, the NHZ = N content
decreased for AS, whoreas, for RFU the content increascd.

16th rd

Though RPU maintained high values on the and 23

day, there was no signifiecant influence on the NHZ - N

content by the N sources, lime or interaction.
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The effect of R sources and interaction of i sources

and lime wore significant on the 30th daye. RFU and Urea were

on par but, superior t9 all othar sources. Liming increased

the RH; -~ N content for RPU, GCU and RCA, ILowest value was
recorded by AS in combination with lime,

th

On the 45th and 907" day neither the effect of N

gources, lime or interaction was significant. On the Goth
day affect of B gources and interaction significantly

influenced the Nﬂj - N content,. RPU and Urea gave higher
values when compared with the other gources, In general,

liming increnczed NHZ = li content on all days,

NOS, = N content:= Nitrate nitrogen was detected only £xom

the asth day. The data are presented in Table € and analysis
of verlonce given in Appendix III,

w;th 1ime, the No; « N content increased till the Gﬂth

day and thereafter it decroasecde The nitrogen cources had .

significant effect on the content of 303
with maximum valdes belng for RP#U followed by WCU. All the

- N on the 45%0 qay,

other source were on pare On the sot“ day urea recorded the

highest velue followed by AS vhich were significantly higher

h

than HCa, GCU apnd RPU. 0On the QOt day, effect of sources

were insignificant,

Bffect of lime was inslgnificant on all days, On the

oth

whole, liming reduced the concentration on the 6 and 90



Table 6. Effect of lesources and lime on the nitrate nitrogen (ppm)lof
the goil at submerged moisture regime,

45th day : 60th day : 90th day

Treatment Source unlimed 1imed . sourcs unlimed linmed ' source unlimed 1imed
Urea 1,98 200 1098 Dell 500 517 303 3.34 272
AS 203 2431 1.74 4,82 5.09 4,55 3647 3,93 3.02
Heu 2655 2433 2478 4,72 4496 3446 3.07 277 3.37
NCA 1.82 1.77 187 . 3,70 3420 4420 ' 330 2073 3.86
GCu ‘ 2024 2,06 2043 . 4426 545 3,08 i 355 3.88 323
RPU ‘ 2.86 2445 3428 : 4045 290 4,50 ' 3.68 2,73 3.64
Mean ] o £2415) . (2435) . (4.7) (4.3) ' {3.39) (3.30)

'Preest CDISW)  SBEmt , 'Fltoat CD(5%)} SEm 'Fotest CD(S5%) SEm:
Source Sig* 0,50 0019 Sig* 0e76 0e25 N3 - D34
Lime s - 0,11 NS - 0.14 NS - 0,19
Interaction NS - 027 Sig 1,08 04,35 NS - 0.48

8%
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day, howevar, there was an increase in value on the ngh

daye.

Interaction of N gources with lime affected ﬁog - N
‘content significantly only on the 60%" day. There was an
increase in content for urea, NCA, and RPU. The reverse was
noticed for as, GCU and NCU,

Digcygaions On the first day ammsniacal'nit:ugen content was
found to be moximum in AS traestment, The high value recorded
could be due to the NH, fons relessed €rom (Nif),20,. It was
also noted that this high content was not recorded in HCA,
probably because of the couting of neen, which might hava
retarded the dissociation of (uﬂglzso‘. Contrary to the
normmal rate of urea hydrolysis belng completed within 2 to 3
days, it was observed that maxinum HHI = N content was on the
4% day for urea treatment. Hence Lt may be likely that urea
hydrolysis takes place q&qwly in this s0il,

For the nosm coated materials also maximum NH: - N
content wasn noted within 3 to 5 days and thercafter it
decreased, The decrease was similar to that for the correse
ponding uncoated fertiliger, For GCU algso the ammoniacal
nitrogen content was found to follow the same trend as for
urea, in the initisl period. It micht be due to the easy
dissolution of éhe gypsun coating whlcﬁ axposes urea and
hence GCU might have behaved similar to that of urca, whereas,

!+

4-2!

in the case of RFU there was = grafdual increase in Nt
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from the 2™ to 9™ dey. This might be becsuse of the
compaktivaly less zolubles coating of rockephosphate over

urea whieﬁ might have -resulted in a progressive release of
nitrogen and subsequent hydrolysla. HEnqe.‘there was no sharp
increase as in the case of huo |

From the 5 th

day onwards, it was Observad that the
NH: « N content decrecased for all N source expept for RPU,
High concentration of ammonium accumalation within the first
3 days would have resulted in an 1nbrease¢ content of NHB
(aqueous) concentration in the soll solution which would have

been lost through N, volatilimatlon, The rate of nitriti-

3
cation was less, as indicated by very low to negligible quantitics
of nitrate nitrogen during fhe‘pcriod of study, It was also
revealed by the microbial atuﬁies. Honce, N ?oss through '
denitrification might nct,bé:suﬁstantiel ugdgg thic situation.

The data revealed that RPU weg the best sou:ée of N in reducing
the I losses probably because the rate of re;base of urea was

comparitively slower,

Betuyeen the unlimed:and limed treatments, higher
Hﬂz ~ N was maintained by unlimed treatments, For 1imed AS
there was a decrease in content of HH: - N cﬁmparea o unlimed
AS (Fige %)e This difforcace could be attributed to the
higher pH values noted in limed AS, which would have resulted
in Arastic losses of ﬁH from the system. In the case of

unlimed RPU an alternate. increase and decrease in E34
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content was noticed, It could be due to the pemriodic
release of nitrogen., However, for limed RPU this pattern
was noticed only till the 10th day, therceafter there wos a
gradual decrease in the content, This indicated that liming
affected the release of nitrogen from RPU, The ressons for

this however, could not ba expleined,.

Eyxperiment «» 6, Nitrogen transformation in Karappadom
soils at non=submerged molsture rcegime,

This study was conducted to understand the nitrogen
transformation of differant N sources, taking place at 70
per cent of field moisture capaclity and the effect of lime
on these transformations Since, no No; - 1 could be detected
till 218t day, a separate set was incubated for ssupling

th

£rom 300 o 00! aay.

The data are presented in Table 7 {a) and 7 (b) and
few represantative tresatments are illustrated in Fig. 9 and
10, The analysis of varisnce is given in Appendix IV,

NHI - N content: The NH; ~ N content increaseld progressively
4th

reaching, maximum values by 1
(23]

-day and then decresged by
217" day in 21l the I sources, except for NCA, wvhere maximum

value wes noticed on the 7th day itgelf,

N _Souressie« There was significant differcnce between sources
on all the sampling days. On the first day highast value was
for AS (70.39 ppm)e Urea recorded the least value (21.53 pom)



Table 7 (a).

Effect of Hesourceg and lime on the amnoniacal nitrogen
content (ppm) of the soll at 70 percent of field
moisture capacity (1 to 21 days)

ek Y Teh_day l4th _day 2ipk any
Tre:t- Source unlimed limed  source unlimed limed source unlimed limed source unlimed limed
men ) .
Urea 21453 17.67 25,39 7581 7647 75416 9233 93,55 091,12 85.16 83,88 85,48
A8 70.89 65433 76,44 92489 G1.,685 94,10 93.15 95.31 9099 88,80 '90.54 87,07
Neu 3791 23,51 52431 66425 63,02 69,48 82,33 92617 72,50 73,61 05,55 61.68
HCA 40,34 ST7,17 41,50 €838 95,82 80,97 83,05 90605 76,05 75,74 83,15 68434
asu 49,01 D8e28 39,73 T497 79459 70634 89,61 83,68 89,55 82,20 87,77 76.63
RPU 82,99 36,75 439,22 B6a54 7926 93,83 97424 97,16 97.33 96,06 94,37 97.75
Hean (53.12) (47.44) {80.97) (80.65) (92,98) (86,26) (87.54) {79.55)
'‘Pl'eest CD(S3) SEmt  ‘F'test CD(5%) SEmk "Flieat COD(5%) SEmt  'Pltest CD(S)%) Stmi
Source Sig**¥ 6,00 1.98 Sig**  5.52 2614 Slgw* 3.01 0«99 Siqg*® 3,01 0699
Lime Sig* 3446 1413 N3 - 1,23 Sigk# 1.73 0457 Sige* 1,72 0456
Inter
action Sig** Bl.49 275 Sig¥* 9,22 2,99 SLga% 4426 1038  Sig®* 4,25 1.38

¢S



Tsble 7 (b). Effect of Hescurces mnd lime on the zmmoniacal nitrogen
content (ppm) of the soll, at 70 percent of field
wolsture capacity (30 to 90 days)

Treate- ___.30th day 45th dav §0th dav 20D Y

ments source unlimed limed source unlimed limed  source unlimed 1imé@ sourcs unlimed limed
Urea 80468 79,68 61,68 72446 7587 68405 89,00 80,88 BB,13 83,54 81,64 85,44
AS 5753 89477 84,93 89,68 87,79 91,57 O0el3 90,69 B8I,57 87,00 91,07 82,91
NCU 69,77 81408 58687 64,42 65,71 63,13 T0456 T8.54 66,58 76,75 81,20 7230
NCaA 71e72 82,06 61038 83,93 91,88 76,02 B3e29 9191 7567 76493 82,15 71,72
GCU 7309 7727 684,92 74,56 81,41 67,72 76455 83,18 67,92 82,20 81,34 83,06
RPU 89464 B87.12 92.17 B2,45 74,52 90,38 ‘Ble38 T6,07 B4a.69 87,99 91,33 84,65

Mean ' (82483) (7125) (792.69) (76.15) {84,38) {78.,93). &a¢.79)(ao.oz}

'Fieest CD(5%) SEmt ‘F'test CD(5%) SEmi 'Fltest CD(5X) SEm: ‘'F'test CD({5%X) SEm:

Source Sig** 6.14 2.62  Sig** 5,14 1469  51g%* 4,22 1,38 Sig** 5,89 1,94
\*ma\ S1g** 3.5 1416  Sigh 2,96 0497  Sig*"  2.44 0.80 Sig* 3,40 1,12

\'ﬂ{ 8469 2,82 Sig** 7,27 2,36 Sig** 5.97 1,93 Ne 8e384 2,70

€8
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JCU and REU were on par and HCA and GCU were on par. On the

th

77" Qay. maximum content was recorded by AS (92,89 ppm}

‘followed by NCA and RFU. chjgave the lowest value. Urea
and GCU were on par. Highest content of NHZ - N was for RPFU
on the léth day, foliowed by AS; twhich were on par. LoOwest
was for NCU, Urea ané'écu were On pars On the 21°% day also
RPY recordea.the maximn content (96;06 ppm) f£ollouad by AS,

Urea, HNCA and WCU wvere on par,

imings:= Liming had significent effect on the HH: = 1 content
on all days cxcept on the ?th dayes Liming reduced the content
on all days of zampling except on the 1St day.

Interacgtions~ The effect of interaction of N gourcesn and lime
was statistically significant on all 4 Gays of sampling. The
addition of lime reduced the content for GCU and fNCA on the
15t days. Whereas, it increased the content in =2l) other
treatments, On the 7th day A3 with iime recoraéd maxirmm
value of 94,1 prm, The increase in content in limed DU was

th day the content for 21l the

significant, whereas on the 1%
sources in combination with lime decreaced. The reduction
being significant for NCA and NCU, ©n the 215¢ day, lowest

value was recorded by limed NCU and highest by limed R5U,

F ﬁﬁth ! goth 1aVe
As on the nrevious dates of gampling thers was

significant effect of N sources on 2ll the sampling days. On



the 30th day treatments with RFU rggorded the highast content
followed by AS which ware on par, Theoy wero significantly
superior to all other saurées. WCU, NCA and GCU were on pars
On the 45%" day madmum content wag for AS followed by KA
and RPU which wars on par and the least for BCU (64,42 ppm).
oth

On the 6 day maximum value was recorded by AS which vas

on par with ures, RPU and nen recorded significantly higher

! gay highest

NH, = N content than urea end GCU, On the o0®
valug was for RPU followed by AS, GCU and urea which vare on
par but algnificantly superior to NCU and KCA,

Limings~ The effect of Liming was significant on all days.

Idming reduced the Ni} = N content on all days.

Interactionts The affect of intersction was significant

on the 30 days RPU with lime regorded the maximum ﬁﬂz - N
content and NCU in combination with lime, had the }least value.
on the 45% aay aleo REU with lime had a high value. On the
ﬁoth day whan all trostments with lime‘gave lower HH' - B

4

content, RPU with lime gave a higher concentration of HHy - N,

on the 9o day effect of interaction was not significant.

NOE - } 3= %he data pertaining éa this are pregented in Table
8 and the analysic of varlance in Appendiz V,

Tha ﬂd; « N content 1ncreaseﬂ-£namwaofbntoiﬁofp;dayu

th

and decreasged from Gﬁth to the 90" days Lowest value was

for urez on all dsyse On the 30%% day, the cffoct of sources

1
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Table 8. Effect 0f hsgources and lime on ths nitrate nitrogen content {(ppm)
of the zoil at 70 percent £leld moisture capacity,

Treate 2080 day A5¢h. gday Goth dav 90%h _dayr
mant Source unlimed limed souree uniimed limed source unlimed limed source unlimed limed
Urea 1a64 1,80 1,49 3,56 3409 4,03 5421 5,08 5,34 4435 4457 3,74
AS 2430 2449 2411 3498  4.90 5,07 6e25 5488 6.G6 4,58 4464 4.52
HCY 263 2,12 3413 408 4459 3,57 6el19 Go06 6432 2.95 5,76 4,14
Nea 2,13 2,00 2.3 3078 3485 3,91 5456 554 5457 8272 432 5417
Gcu 2621 2,00 2,41 4,65 4432 4,98 6506 6463 5449 5433 5,88  4.82
RFU 243¢ 3,02 1,66 4e88 5423 3465 5635 5el6 5,54 4.58 4,98 4,19
Mean (2.24) {2,18) (4030) (4.20) (5079) (5.80) (5,09) (4,42)
'Plrest CD(5%) SEme  "Fltest CD(S5%) SEmr 'F'test CD(5H) S6mE  *Fltest CD(S%) SFPmp
Somree Slg=w 035 0a11 Hs - Je33 1S e 0633 ns - 0,28
Lime H3 - 006 NS - 0,19 N - 0,19 Sig* 0,48 0.16
Inter=
action Sig** 0.503 0.16 NS - D46 NS - 0446 NS - 039

v

96
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and 1ntaract£oﬁ wan significant but the affect of liming waz
1nsigni£1can€. The highest content was recorded by ROy
followed by RPU, which were OR pare AS and GCU were on pare
NCU with 1lime followed by RPU with lime r&cordad maxdomm

ﬂﬁ; » Ny The effect of N sources was not significaqt on
the 45, 0™ ana 90*" gay. on the 90™ day Mming reduced
NOJ - N content, except, #or NCA, where in the content

incroased signlficantly.

Piscusaionte Just as in the case of submerged moisture
regi@e. at 70 per cent of field moisture capacity also, it ,
wae noted that the mﬂz - B content for AS was higher, but
for NCA it wss lesas by 20 ppme This could be gttributed t&
the dissoaiatign of (NH4}2304 produecing HH: Lmﬁs.\ The neen
coating in NCA midght have prevented this diszociation to a

certaln extent snd so the content was lower for NHCA.

For all the urea sources both coated and uncooated, .
it was found that maximum value was obtained only oﬁ the
14th day qf incubation, which clearly indicated that rato of
hydrolysis wae much slower compared t0 that under submerged |
conditionq In the submerged soil, there was a sharp &eeline
in NH; ~ N content after the dth day'(excqgt for RPU) which
indlcated a faster rate of urea hydrolysis in submerged soil
than in sn aérated soil; However, this is in contrary to tha
cbaexvation by Delaune and Patrick (1970) that urea hyﬁroiynis

was slower under submerged conditions. Hece alep, RPU
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mainteined a higher NHZ « N content which showed that the

releace of N iz much slower,

Prom tho 30t“ day, ﬁha WH; « N content was maintasined
between 70 to 80 ppmy which indigates that the rate of
nitrification was inherently low. This was confizmed im the

- submergence and microh&a; stﬁﬁies alsoe The NH; - N content

. for all N sources was higher on ail days of incubation when
compared to that of submorged soile The ﬁﬂg “ N released
might have gone into soll solution, in the casc of submorged
soll) énd lost by volatilisation, uwherecas at 70 per cent of
fleld moisture capscity, it would have baen adaérbed on €0 the

clay complai,

Aﬁmonium sulphate maintained a higher content than that
of ures indicating that it was hetter than urea, Coated
fertllidsers wore not superlor in retaining miz - i content
ccmpaged to uncoated fertllisers, as there was not much -

variation in the content of ﬂﬁz = N on any day of incubation,

FOT CULTURE EXPERIMERNT

Ae = PLANT,
Groyth narsmeterg
i) Blant helohk: The data on height of the plant are given

in Table 9. The analysls of variance is given in Appondix VI,

The helght of the plant during panicle indtiation



Tablie 9’

Helghit of the rlce plant at various growth stages as
influenced by H-sources and liming (in cm)

Growth stages

Fanicle inltiation

Flowering

Harvaest

rroatments Spurca unlined 1imed sonrce uniimed limed source unliimed limead
Control 39,3  41.0 35,7 S4e3 . 6241 4645 61,7 64,0 5345
Uren 4246 42,5 42,7 6761 57.3 67,0 69,0 TN 67,5
Bs 4542 40,5 500 5565 62.1 T70.8 6Ted. 3.4 T1.4
NCU 43.5 21,5 4245 61,0 969 . 65,2 672, B4,5 700
RON A2.,2 42,0 42.5 592 . 594 59,1 64,7 €86.0 G63.5
300 dda7 43,0 46,5 CBe7 6B.5 68,8 707 68,6 71.5
RPU 52.1 1e5 53.5 752 73e53 770 764 4.5 7864
“ean (33e1) (45.2) (64.2) (64.9) {67.3) (68.8)
*Pieast CD(S%) SEmy  'Pltest CD(SX) SEmy  'Fltest CD(5%) SEm:
Sanrce Big®® 5,16 2,03 Sig*. 10440 3.43 Sig¥* ©,33 2008
Lima NG - i.C8 N3 " am 1.?6 RS - 1.02
Interaction N3 o 287 NS - 4.84 "I - 2095

68
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filowering and harvest was significantly influenced by the
different sources of nitrogen, Gffect of liming and
interaction of lime with sources d@id not significantly
influence the helght at any of thegse stages,

At all the stages, RFU recorded the maximum helght
and control the least. At flpwering and harvest GCU closely
followed RPJ, 2among the N soureces, NCA recorded the least

helght, All the other sources were on par,

The data on muber of
tillers are presented in Table 10 and Flge 11. Appondix VII

glves its gnalysis of variance.

The mumber of tiller wvas affected significantly by
the different sources at the PI smtage. NCA recorded the
maximun numbor of tillers followad by GCU and RPY, which ware
on pore, Control gave the lowest value. Though not statlistie
cally significant the same trend was observed during
flowering and harvest, On the whole, tiller production was .
more in costed fertiliser treated pots a2t all stages, both
under limed and unlimed condition,

Liming reduced the number of tillers at PI stoge,
however, the effoct was not significant at any other stage,
The effect of interaction of Negource zng lime was also

statistieslly insignificant,



Table 10.

Mean number of tillers/plant at varlous growth stages of rice
plant as influenced by Negources and liming.

Crowth stages

Panicle initletion Flowering Harvesat
Trestments source unlimed limed gourcs anlimed limed gource unlimed limed
Control 5425 5450 . 5.00 5¢25 5.00 5450 5e75 6450 5400
Urea 5,75 6,00 5.50 6.00 6450 5450 8.00 8.00 8,00
AS 7.50 7,50  7.50 6475 _ 6,50 7,00 8425 7.50  9.00
NCU 7.50 B.00  7.00 7.75  7.00 8,50  De25 6,50 12,00
NCA 8425 8,50 8,00 . Be00 _ 7450, 8450 9,50 10.50  B8.50
Geu 3.00 7.50  8.50 . Ba7E | 8,50 . 94,00 _ 8,75  B.50  9.00
RPU 7.75 9,00  6.50 . 9,00 . 9.00 9.00 _9.50 9.50 _ 9.50
Mean (7.23) (6.85) (7.14) (7.57) (c.14) (B.71)

'eieest CD(5%) SEmt fRliest CD(5%) SEm: ‘F'test CD(5%4) SEmi:

Source Sig** 1.51 0.49 NS - 0.684 NS - 0.96
Lime ns - 0426 NS - 0445 NS - 0.51

NS - NS - 1,19 NS -

Interaction

‘070

1.36

19
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Thera was a gradual incresse in the number of

tillers from PI to harvest,

111) Loaf area indexs The data on LAL are presented in
Table 11 and its enclysis of varisnce in Appendix VIII,
It is graphicelly ropresented in Fig. 12 (a) and (b).

The LAL was significantly affected by the differont
Negources at PE, flowering and harvest, It was not signie
fleantly affected by liming or Nesource and lime interaction,
The LAL increased from MT to flowering but decreascd from

flowering to harvest.

Betwean the dlfferent sourcesn, maxdmum LAL yas for
coated Eertiliéers. during all the atages, it being highest
for GCU during M7 and PI stages followed by HCU, DTuring
flowering and harvest the maxdmum LAXL was recordsd by RPU
followed by BCU and GCU, During both the stages they were

significantly superior &0 control,

Liming reduced LAY at all stages, higher wvalues of

LAL were obtained for N sources without limes During harvest,
maximum value was for unlimed REU,

iv) D bt milation:  The dato pertaining to dry
matter accumulation are presented in Table 12 and Flge 13 (a)

and! (b}, The enalysie of variance is given in Appendix IX.

The dry matter acoumulatlon was significantly influenced

by ¥espurces during the PI stage and harvosts DLffect of lime



Table 11, Leaf areza index (LAL) at various growth atages of rice plant
82 Influenced by Mesources and liminge.

Growth Maximum tillering Panicle inltlation flowering Harvest
5

Treat source vnlimed limed source unlimed limed gounrce unlimed limed source unlimed limed

Control 0.342 0448 0637 1e87 128 1,70 1.58 1.52 1.64 '1e36 1424 1,49

Ursa 0,48 0.70 0,26 1eB0 170 1490 - 2,50 2e52 2448 .1.96 2417 1,75
AS 0,25 053 0436 0s96 1,27 0465 3421 3456 2487 256 2,92 2,19
ncy 0.50 0,56 04,63 1,97 2,17  1.77 .27 3.60 2,94 271 2.96 2.48
NCR 0652 0446 0,58 1.73 2,18 1,27 2.83  3.02 2,64 2,08 2,08 2,08
GCU 0457 0446 0,69 2487 2,58 2437 - 3424 2,98 3.51 2459 2,42 2,77
REY 030 0444 0415 1.68 1,78 1,57 3,33 3.63 3,14 2484 3,24 2,44
Mean _ (0,52} (0,43) (1.,84) {(1,60) {2.98) (2,74) (2443) (2,17

‘pltest CD(5%) SEmt ‘porest CD(5%) SPmt 'F'tost CD(S5%) SB8mp  'F’teat CD(SH) SEmg

Source RS - 0408 Sig* 0.66 0e21  Sig** 0.83 0427 Sige* 0,56 018
interaction 53 - 0e12 NS - 030 NS - 0,39 NS - 0.26
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Table 12,

Dry matter accumulation ot various growth stages of rice

plant as influenced hy Mesources and liming (In g plent”)

—— e

Growth

stan Faximun titlering Panicle foitiation Flowaring Harvest

Troat e -

ments source unlimed llmed source uniimed limed source unlimed limed source unlimad limed

Control 24,68 2480 2450 692 Te23 661 1155 10672 12,38 Y 3) B.94 5.96

Urea 2,68 281 2,55 793 7.87 0400 1711 14,45 19,706 Ve55 9,07 10.04

AS 2480 2,99 2.G2 6.76 754 598 15682 16,57 15,05 1158 10,02 13.15

NCU 2,82 2489 2475 Be¢15 8,323 Te085 21,04 25,58 16,51 1283 11.80 13.86

NCA 2.90 3e11 262 751 7.87 715 18,02 18,95 17.03 1423 154,32 13,15

GCB 3.06 2,96 316 9457 9409 10.05 20681 17,74 23.89 12.50 12,14 13,05

RPQ 2679 231 2478 743 T30 756 1809 19,59 16460 Te94 15,40 11,40

Mean (2.91) (2.73) {799} (7.62) {17.66) {(17.372) {11.95) {11.45)
'g¢  CD(5%) SBEmt ‘P o@n(s)  SEmt 'p*  CD(5%) Sfmt ts?  Cp(s%) SEmd
ent Lest test teot

Source NS - 0.06 Sig** 1.16 0e38 NS - 2.69 Sig*ﬁ 1,99 Oe65

lime NS - 003 NS - 0620 i §e] - 1.44 H5 - 035

interackl~ us -  0.08 BS = 054 NS = 3,81  Sig** 2,82 0.93

9
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was not statistically siénificant at any of the stagedg.
Intefactionuof Nesourdes and lime was statistically signi-
ficant only during harvest. The  dry matter accurmlation
increased from PI to éloweting. but decreased from flownring_

o harvests

Comparing botween the differant H-sources it was found
that coated fertilizers gave maximum values compared to ures,
ammoniume-sulphate as well as ¢ontrol., Durdng PI stage, GLU
was significantly superior to all other sources. Durdng
harvent NCA recorded the maximum valﬁa but was on par with

ROU, GCU and HCU,

In the case of interaction, unlimed RPU gave the
highest dry matter followed by unlimed NCA. Unlimed RFU
was significantly supericr to all the mources in combination
with lime, | '

Y&gld pnaram Qtf“g:g ®

1) Nymbep of panjcleg per plangt The data on number of
panicles are given in Table 13 and Fig. 14s The analysis of

variance 1s glven the Appendix Xe.

The differcnt sources of nitrogen had significant
influence on the number Of panicles. The highest value was
noted for NCA followed by RFU which were on par, but,
significantly superior to control, urea and ammonium sulphate,

In general cooted fertilizers gave a highor gount of panicles,

The effect of liming and interaction of N sources with

lime were insignificant,



Table 13, IMean numnber of panicles/plant and spikelets/panicle of rice
as influenced by N=gources and liminge

Mean number of panicles/plant - _Mean nurber of spikelets/panigle
Lreatments sovrce unlimed lim Treatments gourge unlimed limed
Control . .2«87 . .87 2.87 . ) Contrcl ) 31.58 233,95 29,22
Urea 234 . 3,00 2.57 . , Urao , 53485 48.08 504,62
AS : 3.18 3612 3,25 A3 . 40,43 43.94 36,92
HCu : 331 325 337 NCU . 45,51 52430 @ 38,71
NCA : 3450 . 3,37 3.62 . RCA 4%.54 48,75 50633
GCu 2,94 287 3.00 ) Gl 46.18 51,95 40.41
REU 3031 3425 3637 . R0 48,55 41429 55482
Mean {3.10) (3.19) Mean {45,75) (44.43)
7T CD(5%) SEmt g CD{5%) SEmk
test test
Source Zig*  Qe36 0l.12 Source RS - 5419
1ime N - GaDG iime HS - 277
interaction RS - 0016 interaction RS = 7433

':.'99



o
S

EFFECT OF N-SOURCES AND LIMING oN THE NUMBER OF PANICLEs PER PLANT IN  Rice.
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14} Nuymbe spile 2 icles The datzs on number of
spikelets are presehted in Table 13 and its analysis of

variance given in Appendix X.

Neither liming nor N sources nor the interaction of
sources and lime was found to influence the spikelet number

gignificantly.

Grain vie egt indexie The data on
grain yield, straw yield and harvest index are éiven in
Table 14. The analysis of varlance ig presented in

Appendix XI, Grain and strew yield are graphically precented
in Pig. 15,

The dlfferent sources of nitrogen had significant
effect on the grain yield. The lowest yleld was £rom the
control, and highest from NCA. In.@eneral. coated fertilizers
were found to give higher ylields than urea and amnonium
sulphate, Coatcd fertilisers NCA, NCU, GCU and RPU were on
pare RPFU and NCA were significantly superior to urea end
control, Interaction of lime and sources of nitrogen signie
ficantly affected the grain yleld. HMaximum yield was recorded
by unlimed RPU which was on par with unlimed NCA and GCU,
There was significent yicld reduction when RFU was combined
with lime,

Regarding the effect of nitrogen sources on straw
yleld, the same trend as that for grain vield was noticed.
Among the sources NCA recorded maximum straw ylold, f£ollowed



Table 14, Grain and straw yield (g goﬁ'l) and harvest index as
' influenced by Hesources and liming,
Grain yield straw yvield harvest index

Treatments source unlimed limed source unlimed limed source unlimed limed
Control 13424 14,98 11,50 1657 2080 1235 0.45 D.41 0.43
Urea 183,06 17.95% 18417 20417 18435 22,00 0,47 ¢ P L) 0ed5
AS 19,62 18,12 21.12 23440 21,22 25,57 0e45 0,46 Da44
NCY 21,31 19,62 22,60 2773 28,62 26,85 (.43 0.40 0e45
Ko, 23,47 24460 2235 33,47 36,70 30,25 0.41 0.40 0043
RPU 23628 29407 17450 32.48 36,55 28.42 0.41 0,44 0.46

*Plrest CD(S%) SEmg Fitest CD(5%) SEmt ‘Fteast CD(5%) SEmt
Source Sigo 4427 1.40 Sigw+ Ge3 2.07 NS - 0,018
lime NS - 0.75 NS - 1.11 s - 0.009
interaction Sig** 6.04 1.99 NS - 294 Hg - Je2

89
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by RFU, which wao significantly superior to control urea and
amonium sulphate. Straw yleld was alsoc highar for coated
fortilizers ag in the caese of grain vield. Lime reduced the
straw yield though it was ﬁot statiatically significant,
Interaction of N sourges and lime was also statistically
insignificont, Unlimed NCA and RPU recorded highest values
and tho yield reduced when in combination with lime, in
both the cases,

Nedither did the Alfferent N sourceas, liming nor the
interaction of gources and lime significantly influence the

harvast indexs

l14P¢ ond K _content in gige plont ag 1n§;uegggg by N _sourges

] m £ LAD0 e

R _content: The data are presented in Table 15. The
analysis of varlance is given in Appendix XII, Flgure 16
presents tha N content 0f a few representative treatments.
'The different sources of nitrogen, liming of intaeraction of
N sourcas and lime 414 not have eny oignificant effect on the
nitrogen content elther at MT, PI or flovering stagen,
Howover, the effect of sources had significant influence on
the nitrogen content 0of the grain. The maximum value was
recorded by RPU followed by GCU which weﬁe an pare Thoy were
- significantly superior to AS, NCA, NCU and urea. The content

decreaged from KT to flowering and was mailntained till harvest,



Table 15. Nitrogen content (%)} in the rice plant at various stages of growth
- as influenced by N sources and liming.

Growth . r Harvest

stages Mayimum tillering Panicle initiation Flowering Straw grain
Treat- source un- limed source un-  limed source un-  limed source un- limed  source un- limed
mepts limed limed limed limed 1imed
Control 2.47 2.58 2.16 1.44- 1.13 1.75 1,12 1.24 1.01 0.43 0.40 0.47 0.81 0,87 0.76
Urea 3.09 3.21 2.97 1.60 1.35 1,85 1,21 1.35 1.08 0.50 0.48 0.52 0.76 0,82 0.70
AS 3.28 3.24 3.32 1.44 1.40 1.48 1.11 1.14 1.08 0.47 0.53 0.41 0.68 0.68 0.68
NCU ' 3.78 4,15 3.42 1.82 1,89 1.75 1.17 1.14 1.19 0.44 0.40 0.49 0.72 0.66 0.79
NCA 3.51 2.90 4.12 1,89 2,03 1.74 1,15 1,22 1.08 0.52 0.52 0.51 0,68 0,57 0.79
GCU 3.66 3.41 3.91 1.80 1,86 1.73 1.23 1.24 1.21 0.50 0.44 0.57 0.89 0.86 0.91
RPU 3.74 3.24 4.24 1.73 1.67 1.78 1,09 1.11 1.07 0.49 0.53 0,45 0.96 0,88 1,04
Mean (3.22)(3.423) (1.62) (1,73) (1.21)(1.11) (0.47) (0.49) (0.76) (0.81)
'F' CD(5%) SEmt ‘P! CD(5%) SEm# 'F' CD(5XK) SPEmi 'F' CD(5X) SEmt 'F' CD(5%) SEmt
test tast test test test )
Source NS -  0.28 ‘NS - 0.19 , NS -  0.07 NS -  0.06 Ssig 0.16 0.05
lime NS - 0.15 NS - 0.10 NS - 0.03 N3 - 0.03 NS - 0.03
interact-  us - 0.40 NS - 0.27 NS -  0.10 NS -  0.08 NS - 0.07

0L
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Table 16. Phosphorus content (%) in the rice plant at various ‘'stages of growth
as influenced by N sources and liming.

Growth Harvest

stages Maximum tillering Panicle initiation Flowering Straw Grain

Treat- un- un=- S un=- un- . un-

ments gource limed limed source limed limed source limed limed source limed liméd source limed limed

Control 0.26 0.25 0.28 0.19 0.18 0.20 0.28 0.31 0.25 0.12 0.16 0.09 0.22 0,21 0.23

Urea . 0,19 - 0.21 0.17 0.23 0.21 0.25 0.26 D0.26 0.26 0.17 0.18 0.16 0.21 0.23 0.20

As 0.21 0.12 0,29 0.16 0.18 0.15 0.21 0.21 0.21 0.15 0.15 0.15 0,21 0,21 0.21

NCU 0.27 0.23 0,31 0.19 0.21 0,18 0.25 0.28 0.21 0.16 0.15 0.16 0.22 0.21 0.23

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

GCU 0.25 0.28 0,21 0.18 0.18 0.18 0.28 0.28 0,27 0,13 0,13 0,14 0.22 0.23 0.21

RPU - 0.25 0.31 0.20 0.17 0,20 0.14 0;24 0.26 0.21 0.15 0.15 0,15 0.22 0.24 0.21

Mean (0.24) (0.25) (0.19) (0.18) (0.26) (0.24) (0.16) (0.14) !0.22) (0.22)
'F' CD(5%) SEmt 'F' CD(5%) SEmt 'F' CD(5%) SEm+ ‘F'- CD{5%) SEmz 'F' CD(5%)  SEm+
test test test test test

Source NS - 0.03 NS - 0.013 NS - 0.02 NS - 0.009 NS - 0,013

lime NS - 0.02 NS - 0.007 NS - 0.01 NS - 0.004 NS - 0.07

inter- ‘ .

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

L
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Table 17. Potassium content (%) in the rice plant at various stages of growth
as influenced N sources and liming.' '

irowth Harvest
tages  Maximum tillering Panicle initiation Flowering Straw . grain
'reat- U= un- un- un=- un-
ilents source limed limed source limed limed source limed limed source limed limegd sourge limed limed
Control 2,92 2.97 2,87 1.49 1.52 1.46 1.76 1,76 1.76 1.72 1.80 1.64 0.43 0.41 0,45
Urea 2.61 2,30 2.92 1,51 1.50 1.52 1.72 1.70 1.74 1.61 1.69 1,53 .50 0.50 0.49
AS 2.28 2,67 1,90 1.66 1.60. 1.73 1.60 1.49 1.71 1.63 1.57 1.69 0.52 0.55 0.50
NCU 1.75 1.55 1.95 1.90 1.88 1.93 1.71 1.81 1.8%1 1.66 1.66 1,67 0.51 0.48 0.54
NCA 2.06 2.15 1.97 1.91 1.75 2.08 1.59 1.57 1.60 1.52 1.77 1.27 0.53 0.57 0.50
GCU 2.40 2.35 2.45 1.85 1.94 1.77 1.55 1.62 1.48 1.08 1,38 1.04 0.50 0.57 0.50°
RPU 2,51 2.45 12.57 2,00 1.97 2.04 1.56 1.58 1.65 1.21 1.14 1.29 0.49 0,44 0,55
Mean (2.35) (2.37) (1.73) (1.79) (1.62) (1.66) (1.54) (1.44) (0.49) (0.51)

'F' CD(5%) SEm+ 'F' CD(5%) SEm# 'F' CD{5%) SEmt+ 'F' CD(5%) SEmt 'F' CD(5%) SEmx:

test test test test . test .
Source NS - D.24 NS - 0.23 NS - 0.13 NS - 0.28 NS - 0.03
lime NS - 0.12 NS T- 0.12 NS - 0.07 NS§ - 0.15 NS - 0.02
Interaction NS - 0.34 NS - 0,32 NS - 0.18 NS - 0.40 NS - 0.04

ol
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P contentt The data are given in Table 16 and its
analycis of varlance in Appendix XIXI, The phosphorus
content in the plaont wag not significantly affected by the
N goureas or liming or sburcé and lime interaction at any
of the growth stages, Utiith stage of the crop, there was a
decraase in content from WT to PI and a gradeal increaso

from PI €0 harvost,.

E_contengs The data are presented in Table 17 and its
analysis of variance given in hppendix %IV, The same
trend as that of P content was noticed here also, during
all the growth stages. The effect Of Nesourcges, liming and
interaction of sources with lime was not statistically

significant. The content dscreased from M? to PI.

i encaod H_gources and mifice

N untsket The data on uptake of nitrogsn ara given in
Table 12 and its analysia of variance in Appendix XV,

it is5s presented in Flg, 17.

As iIn the case of Necontent, the uptake was arffected
significantly only during harvest. The uptake by grain

differed due to the dlfference in sources of nitrogen used,

With advancing stage of the crop, from HT to flowering
tha uptsoke increased for all treatments with nitrogen, but
reduced at harvest.



Table 18. Nitrogen uptake {(mg plant_l) at various stages of growth of rice
as 1nfluenced by N sources and liming.

Growth | . Harvest

stages Maximum tillering Panicle initiation Flowering Straw Grain

3::::— source unlimed limed source unlimed limed source unlimed limed source unlimed limed source unlimed limed

Control 86.53 B85.63 87.43 99,17 92,26 106.09 129,86 134,29 125.44 35.80 42.20 2é.4o 54.80 64.58 44,02

Urea 83.02 90.30 75.73 127.39 106431 148B.16 204.49 195,34 213.65 49.46 43.10 53.82 71.14 73.92 £8.38

AS 91.62 97.01 86,23 97.07 106,98 87.18 177.63 190,59 164,67 55.24 56.60 53.90 66.48 61,70 73.26

NCU 107.15 120.20 94,11 146.49 156.61 136.38- 224.22 290.85 157.59 62,76 59.90 66.60 78.46 69.70 89,22

NCA 100.6% 90.39 110.90 141.24 159.33 123.15 186.09 188.61 183.57 88,24 96.78 179.70 82,18 70.74 93.62

GCU 112.52 101.31 123.70 174.08 172,08 176.08 258,38 222.24 294,52 70.52 55.06 86.00 101.28 102.46 100.10

REU 104.61 91.46 117.75 129.40 123,23 135,57 198.42 219.73 177.12 83.82 102.98 64.66 110.64 128.04 93.24

Mean (99.47) (102,28) (129.54X131.84) (205.90) (188.08) (65.38) (62.02) (61.72) (80.26)
g CD(5%) SEmt 'F! CD({5%) SEmt+ *P'  CD(5%) . SEmt 'F' CD{5%) SEm% 'F* CD(5%) SEm+
test test test test _test

Source NS - 7.93 Ns - 17.28 NS - 33.92 NS - 12.30 Sig* 28.82 9.48

lime NS - 4.23 NS - 9.22 NS - 18.10 NS - 6.56 NS C - 5.06

inter- .

action NS - 11.24 NS - 24.49 NS - 48.08 NS - 17.40 NS - 13.44

B



NITROGEN UPTAKE (g Pla,\{‘)

2201

2001

1904

2

3
?

1304

1204

ne s+

so--

8ot

7oy

Fig.17.

i

i

EFFECT

J

m

OF
UPTAKE

N - SCURCES
AND

fitit
Lo

L

[T

U AS

«——TREATMENTS —r

AND LIMING
RECavERY

VN

oM THE

RIiCE

Recovery

TOTAL

IPTAKE

]

aco m g
1

NCU o
NCA

acy
RPL L

NITROGEN

UNMLIMEP

Linep

COMTROL

Um A

ANMMONIUNM SULPHATE
NEZM ODATED DREAM

- NEEM coATED AMNo NIUN
SOLPHATE

- GYPsUM CoATED UREA

Rockg PHOSPRATZ COATED
VREA.

10

h &0

R

3
(-].) AsA0o 3Y

&

1o0

- ]




~ Comparing between sources, the uptaoke was hicher
for coated fartilisor treatment than that withwea or

amronium sulphates The same was noted at all stagas.

The uptake by grain was least In control and high
for coated fertilipoers. RPY recorded the moximum value
Eolléwea by GCU and HCA which were on pare RPU apnd GCU
were signifieantlyiauperaor to control, AS and ursa. The
uptoke by straw was maximum for NCA followed by RFU,
Overall the uptake was higher for coated fexrtiliger treated

plants,

Effact of liming and intersction of N sosurces with

lme had no significont effect on uptske ot any of the stages.

P upntokat The data arc presented in Tabla 19. The

analysis of variance is glven in Appendin XVI.

The upteke of P inoreased from MT to flowering for
all treatments., dming did not have any clgnificant effcat

during ony of the stages.

During PI stage, there was significant differcnce
kotween Hesourqaos. The loweat valua was reoorded by AS,
tHghest vazlue was for urea recorded fellowed by GCU, At

flowaring hicher upteko wos noted for GCU followaed by urea.

The uptalo by grain waz significont with high values
recorded by NCA., The uptoke by straw wos maximum with NCU,



Table 19.

of rice as influenced by N sources and liming.

Phosphorus uptake (mg plant_l) at varlous stages of growth

Growth Harvest

stages Maximum tillering Panicle Initiation Flowering Straw Grain

Treat= un- une un- un= un=-

ments source limed limed source limed limed source limed limed source limed limed source limed limed

Control 7.10 7.05 7.15 13.55 13.60 13.50 31,95 33.00 30.95 .12,.28 16,90 .68 14,62 15.76 13,46

Urea 5.32 6.15 4,50 19,00 17.50 20.50 45.02 39.50 50.55. 15.76 14.70 16.82 20.54 21,06 20,02

AS . 5.67 3.56 7.80 11.42 13.20 9.65 331,77 34.60 32,95 18.24 16.54 19.94 21.46 19.82 23.12

NCU 7.82 6.80 8.85 16.37 18.50 14.25 36.60 35.75 37.45 24,52 26.80 22,16 24,76 22,86 26.66

NCA 8.15 8.75 7.55 13.82 14.45 13.20 42.65 44.95 40.35 23.76 31,52 16.00 27.38 26.84 27.90

Gcu 7.65 8,35 6.95 17.50 17.00 18.00 59.27 51.65 66.90 19.28 16.72 21.84 25.42 27.74 23.10

RPU 7.17 8.75 5.60 12.67 14.85 10.50 43,97 57.10 35.85 22,16 22,16 22.18 26,36. 34.00 18.74

Mean {7.05) (6.01) (15.580(14.22) (41.65)(42.14) (20.68Y18.14) (24.00X10.94)
'P'  CD{5%) SEmt 'F' CD(5%) SEmt 'F' CD(5%) SEmt 'F' CD(5%) SEm+ 'F' CD(5%) SEms
test test test test test

Source NS - 0.80 Sig* 4.52 1.49 NS - 6,39 Sig** 5,24 0.162° Sig* 7.06 2,32

lime NS - D.43 NS - 0.79 NS - 3.41 NS -- 0.92 NS - 0.124

inter- . . .

action N5 - 1.14 NS - 2.10 NS - Sig** 7.42 2.44 NS - 3.28

9.06

9L
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Table 20. Potassium uptake (mg plant-l) at various stages of growth
of rice as influenced by N sources and liming.
Growth Harvest
stages Maximum tillering Panicle initiation Flowering Straw Grain
Treat-
ments source unlimed limed source unlimed limed source unlimed limed source unlimed 1limed source unlimed limed
Control 78,40 83.31 73.50 102.68 108.68 96.67 204.75 191.00 218.5%0 287,76 186.82 320.48 28.58 30.92 26,26
Urea 75.21 75.93. 74.50 118.91 116.22 121.60 297.99 254,57 341.42 146.42 159.02 153.82 46,76 45.46 48,04
AS . 64.95 79.91 50.00 113.22 122.32 104.12 252,58 246,42 258.7%4 198.78 167.08 230,50 51.48 45.62 53.32
NCU 59.01 64.41 53.62 153.96 151,37 156.55: 345,58 398.39 292.77 228,72 230,22 227.22 55.44 50.10 60,80
NCA 60,06 66.99 53.13 144.18 138,37 149.98 286,30 297.55 275,06 261,62 327.60 195.62 63,22 70.04 56.40
GCu 73.27 69.71 76.83 175.61 174.69 176.53 324.37 288,86 359,88 148.52 141.62 155.44 36.54 52.74 60.34
RPU 69.93 68.42 71.43 150.50 146,40 154.60 282,06 310,32 253.80 193.40 203.68 182,12 56.54 67.72 45,38
Mean (69.81) (64.72) (136.86)137.15) (283.87)(285.70) (202.00(215.46) (52.36) (25.00)
'F' CD(5%) SEmt ‘F'  CD(5%)  SEmt 'F'  CD(5%) SEmk ‘p! CD(5%) SEmt ‘P! CD(5%) SEmt
test test - test test test
Source NS - 6.71 NS - 18.85 NS - 44,00 NS - 61.94 Sig*w 14.70 4,82
lime NS - 2.98 NS - 10.06 NS - 23.48 NS - 33.06 NS - 2.58
lnter-
action NS - 7.92 NS - 26.72 NS - 62,35 NS - 87.76 NS - 6,86

L
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followad by NCA and RPYU, which were significantly higher

than control, ureca or AS,

Effact of interaction of gource and 1lime was not
significant at any of the stages, cxcapt at harvest where

unlimed NCA gave significantly higher uptaske for straw,

K_untakas The data pertainling to uptoke of K, are given

in Toble 20 and analysis of variance in Appenddix XVIIX.

The uptake of K increased from HUT to flouering.
There vas no significant difference in uptake due to the
difference in liming or source-lime interaction during any
of the stages. There was a higher untake for plants treated

with coated fertilizors,

Uptake by grain was significantly increased with He
sources only., fMHaximum value being with HCA, The affect of

81l cozted fertilizers were on par.

Be SQLL
Effect of Negources and lims on NHZ - N and NOJ « N
content of the at varlo é a of the De
Ammmoniaca]l n en _oontent.

The data on NH; - 1 content (meoan of ¢wo replications)
are presented in Table 21, The content in the control pot

remained almost the zame throughout the period., TFertilizer



Table 21. Ammonlacsl nitrogen centent {(ppm)

in the zol) at different gtages of

tho rice crop as influenced by

Nesourees and. lime.

~ Growth stages
Treatments  Maximum Panicle Flowering Harvest
tillering initiation

LC 10,65 10,22 3444 10,18
LC 14,42 10,97 9.68 11.20
LOU 22460 19,37 10.54 8,19
LU 42446 111,58 11,16 7.74
Lbﬂs 18,96 22,70 16,13 14.80
LAS 21,65 15485 11.78 13.23
LONCU Bl.46 19,28 11.22 15,31
LNCU. 18,37 - - 7428 8423 10433
LbNCA 16486 13,40 7627 6423
LNCA 8412 B4+ 36 10,05 Be442
LQGCU 19,80 3,76 12,25 B.04
LGCU 7724 13,00 13.05 10,86
QGRPU 28,68 - 13,40 9e54 8,02
LAPry 20673 10,80 10,12 10,53

93
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Tablae 22. Hitzate nitrogen content (ppm) in the
soil at different stages of the rice
crop as influsnced by Hesources and ilme,
Grov tacas
Treatmeant HMaxdmmam Panicle Flowering Harvest
tillering inltiation

LC 127 0619 0.61 0420
LC 1,90 067 0.32 Gel0
qDU 1.86 027 Q.46 0417
LY 1,76 9.63 0a20 0013
LOAS 1.59 . D80 0422 0.28
LAS 1.28 071 0e24 0.20
LGECU 1,43 . 035 0637 0426
LNCU 0,86 059 Oel7 0.31
LQNCA 206 0460 0.08 0.29
LNCA Ce64 023 D453 0630
L,Gcu 1.78 0,37 0410 0,19
LGCU 0463 0463 0,79 0.24
QORPU 1,55 0e37 0034 Oe21
LRPU 1,56 0,66 0.20 0.05
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was aprlled at tillering astage. The content incrasased at

MT, for all sources vhen compared to control. Liming reduced
the Hﬁz = N content in RPY, HCU andl NCA (Exceptionally high
valuas ware. noted for LODICU en@d LGCY). At PI stage, comparing
betwean the different treatments, the limed treatments showed
lower content for all sources, than its corresponding unlimed

treatment. The content decreased from PI to harvest.

Nitrate Nitrogen contenttes

The data are praesented in Table 22. At MT stage,
application of lime reduced 107 « N content with all the
sources except GCU, Comparing between the stagen, £lowering
and harvest the NG; - N content deereased, the decrease being
more in the limed treatments. In general, the ﬁﬁs - N
centent increased on fertiliser application and deercesed pro=

gressivaly with advancing stages of the crop.

Effect of Nesources and line on the o ond EC of the gofil

pHie The dats are given in Table 23, Liming was Qone a
week before tronaplanting, Before fertilisation but after
1iming, the pH of the scil increased. Soon afteor Ffertilizer
gppllication there was a Grastic reduction in gH with A5,
After the application of the second dose of fertilizor, the
pH was maintalined without mueh fluctuations from PIL tdl)

harvest,




Table 23,

Effoet 0f difforont Hesources angd

lining on pH of the soil, at

various stages 0Of the rice crop.

8L

Treatments DBefore
fortilizer Maximm

Growth_stages

- Fanicle

Ploweting Har&qst

application tillering initiation

LOC
LC
LOU
Ly
I AS
Q
Las
LONCU
L&CU
DQNCA
LNCA
LQGCU
LGCY
LoRbd
LRBU

6412

615

580
6e12
5020
6e15
6007
5495
5012
5442

5415

6405
525
5485

4,82
Se87
S5.60
612
4075
525
S5a67
592
5427
Sed2
Se52
5072
5457
577

4,77
6425
3457
5485
6407
5,90
5432
5425
Sel2
Be32
6.10
8460
5.92
Ge10

5,00
5485
S5¢25
D675
5490
4475
5445
5425
5«75
5475
5485
G402
5,10
5450

4,97
6415
5465
5487
6e17
5465
5420
5¢50
6405
6420
6e15
6410
5445
6415
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In the contxol mot, there was a decreage in pil
from Gel2 tO 4,97 at harvest. The llmed treatments were
foundl to have z higher pH vélue than the corresponding
uniimed treatments at harvest, »Among the limed treatments,
NCU, NCA and GCU did not show much variaﬁion in pH during

~ the vegetative and reprcductlve stages.

Overall, there was no gignificant aiffererx;é in pH
due -to the differcnt nitrogen sources usad.
ECi= The data are prescnted in Table 24, Defore
fertilizer appiication, the EC varied from 50 to 90 pmhcs cﬁ"l
betwoen limed arid unlimed pots, Aftar fertilizer application
the EC increased in all the cases, At MT high values wvere
‘recorded by AS and urea compared {0 the other asources,
However, at PI gtage there was no much variation in EC values

between sources, There was a gradual reduction in EC gt PI

stage and thereafter till harvest,

Liming reduced the EC values with urea, AS, HCU and

RI'U at P1, flowering and harvost.
Coprelation of arain with soil factors and d attributes,

The detalls of correlation study are glven in

Appendix AVIII,

Correlation of grain yleld with the ammoniacal nitrogen
content. in soll at M7, PI, flowering and harvest was not

signiflcant. The nitrate nitrogen content due to &ifferent
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Table 24, Bffect of different NHegourcas and
lining oqﬂ%he electrical conductivity
{pohos/om 4) of the soil, at various
stages of the rlce crop.

Treatments Before maxigﬁggsﬂggﬁﬁgfgg
feﬁtilﬁzeggtillerlng initiation Flowering ﬂa;vest

qee 700 350.0 45,0 - e D5
LC 5060 340,0 77.5 : Fed 10,5
LY 775 230.0 50,0 14.0 13,0
LU 7540 37040 35.0 7.0 GeS
Lbﬁs 50.0 350.0 80,0 1565 15.0
LAS 750 320.0 37,5 15.0 125
L Ncy 9245 300.0 5265 12.0 11.5
LNCU 750 40,0 30,0 4,5 Ge0
L NCA 55«0 60,0 55,0 13,5 14.5
LNCA 5540 95,0 6540 GeS 70
L G 5540 95,0 40,0 De5 8.0
LeCu 5%.0 12540 7745 11.5 10.5
LbRPU 6060 130.0 7040 14.0 13.5

LRPU 8040 100.,0 35,0 12.0 105




N sources and 1iming had no significent correlation with

yield during the difﬁéfgnﬁ stages of the crops Though not
. statistically élgnificant there was a positive correlation
betwean grain yleld and Rﬁg -lm content at Mf and harvcét.‘

Dry métte: acumulation and grain yield was signigicantly
correlated only at harvest. The nucber of tillers and the leaf
area index at flowsring and harvest had significant positive
correlation with grain yield.

The number of panicles/plant and 100 grain walght
though statistically insignificant gave a near positive

correlation with grain vield.

Diggusasionte The beneficial effect of N on growth and yield
attrituting characters of rice arc well known and catabiished,
Application of N significanély incransed the growth end yield
characters in rica. Dry matter accumilation was less in the
initisl stoges and incremsed from PI to flowering (Fig.13).
The effect of N on grain end straw yleld were significant with
N application (Tsble 14)e Increansa in grain énd otraw yield
due to N applicaticn has been reported by a large number of
workers (Saho at sle. 1980s Pandaey and Dayanad, 1984).

Tha concentration of N (Tabla 15) and N uptoke (Table 10)
by rice plant was increased by N application. The content
decreased from PIL to flowering due to the rapid metabolic
utilisation of N for greater biomass production and subseguent
distribution in a larger mess ©f dry matter,
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Phosphorus concentration (Table 16) and uptake
(Table 19) increased and gradually decreaéed at harvest.
The decrease in content may be due to the increased translos
cation and accumulstion of starch in grain, The relation
between carikohydrate metabolism and phosphorus has been
already well established, ”

Potassiun concentration also decreased from MT to FI
and was maintained thereafﬁer. This decreasée in K uptake -
might be due to ths competitioh of & with NH;

absorption site., Such antagdnisticlrelation between K& and

ions for the

'NH; ions was obgerved by Cox and Relsenauer (1973).

Results clearly showed that coated fertilizers (RPU,

GCU, NCU and NCA) gave highef ylelds than uncosted fertilisers
(urea and ammoniwn sulphate)s Coated fertilisers positively
influenced the morphological and yield attributing charagters
likeiheight, tiller number, leaf area index (FAI). dry matter
accumulation, panicle number, spikelet number, The increase
in grain yleld was malnly due to increase in number of panicles
per plant (Fig., 14). The correlation studies (Appendix. xvIiT)
have indicated a significant correlation betwesen yield and LAIX
at flowering and harvest, dry matter accumulation and number
of tillers at flowering and an almost aignificant correlation
with 100 grain weight, Tt has been shown that the main sink,
the panicle number per unit fleld area is determined during the
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vegetative staya (De Datta, 1981), Higher uﬁt&ke and
.utilisation of 8 by the coﬁtaﬂ fortilliser treated plants
(Fig, 17) gave o highor tiller number {(Fig., 11), consejueontly
refleocting in the higher dry matter accumulation, The higher
LAL ot flowering, for coated fortilisers (Figs 12) clearly
Indicated that more photosynthates were produced. at the time
of flouaringe . Photosynthate oceumulation. nfter flowering .
is dirsctly releted to carbohydrate accumulation in grain,
About 70=-80% of the carbohydrate in the grain arge synthesized
after flowering (Ishizuka and Tanaka, 1953).

| In the casze ©f urea the recovery was very lew, about
15.2% only (Appendix, 00}« Lorge loss of N from urea would
have hepvenad probably due to leaching, or im the pot it would
have rcoved beyond the root zone, This conld be expected
begange the rote of.uraa hydrolysis was slow in Karaoppadom soila
(Experiment. 4)e Liming would have enhanced the N loss from
urea, through amwonia volatllisation, a3 liming was found to
gnhance the rate of ures hydrolysis and the consequent increase
in pH would heve helpad the volatilization process. In the
caze of anonium sulphate alse tha probable low recovery of H
Of 16429% may be dus to ammonia volatilisation, resulting frem

8 high concentration.

The coated fartiliseors recorded a hicher recovoesy

ranging from 264324 to 534,103 Arnong then, RPU was found t0 be
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highly efficlent in’reaucing the N loss. The efflcient
coating would have cnobled a slowver Fate of reolozse of
urea which wag more efficlently utllized by-tﬁe rice-crop.
The laboratory studics also confirmmed this observation.

Neem cake coated fartilisers (aqpecially» arrronium
sulphate coated with neem cake, HCA) was found to be
effiaient due to the coaletar coasting than the nitritication
inhibition effect of neem, This agsumption is bascd on the
fact that nitrificotion rate is found to bo inherontly low
in this =041 (appendix, ¥XI), Hitrification in actd soils

is low (Rlexander, 1977)

Liming did not significantly influence the grain yvield
in this study. It was found that though liming increased pH
in the baoginning, later on the limad and unlimed treatments
had almost similar pH (Fige 1 and 2). Therefore, it wasp
concluded that narroving of pH was mainly due to submergence
effect, than the effect of lime. 'ance.'lima has acted as a
caleium séurca than a pH amellorant, This has been indicated
in the studlos on éoil veaction (experimsit. 1). Kugup and
Ramankutty (1969) also reported that there was no response to
lime in Muttanad solls.

The grain yield £from 1imed RFU was very low when
compared to vnlimed RPU, Limlng must have reduced the
effectiveness of coatings Liming was aléb found to increase
losa of Nﬂs {£rom laboratory studlas), 9Jhorefors unlimed RFU
with it's graducl releasa behaviour, gave better vielda,

§8
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The high dry mattar‘accumulataa by unlimed RPFU at
harvest wag due to the high LAI at flowaering, which must
have qohtrlbutea t0 moﬁe production of photocsynthates, The
number of penicles por plant was m@;ntain&d high when compared
to the other treatﬁents. All these factors together muat have
been contributory reasons for highé; yvlelds récorded by plants
supplied with RFU without the combination of lime,

Thus it could be concluded from this atudy that thae
rete of nitrification in Kareppadom soil was low; and liming
had very 1ittle rosponse in this goil. It aleo revéaleﬂ ;hae
coated fertilisirs performed better than uncosted fortilisers.
Rock phosphate coated ures, being the best atong the sources
tried, | | ‘

‘Henge, further studies, including fleld cxperiments,
would be practically and scientifically relevant,



SUMMARY AND CONCLUSIONS



SUAMARY AND COHCIAIIIONS

An experiment on *the dynanics of applicd nitrogen
in Karappedém 2sil? wao conducted at thé College of
Horticulture, Velianikiara, Trichur to study tho mechenism
of transformation of applliced nitrogen, o £4ind cut tha affect
of interaction of lime and nitrogen en rice and finally to
evaluyate ghe best source of nitrogen for rice, Thoy
study was conducted in two parts vig. leboratory incubation
etudy and pot culture study {taken up from June to {ctober, 1986),

The s0il used for the study wae obtainad from the Rice
Reazgarch Station, Moncompus For the incubation study six
different materials vize Urea, smoniumesulphato, neem edated
ures, ncem coated smwonium sulphate, gypsun coated uroa and
rock phosghate coated urea vere used as nitrogen sources. The
soil was supplied with 100 ppm N, without lime and in
combination with lima, It was mainteined under two dlfferent
molisture reglmes « submerged and at 70 per cent of fleld
roisture capacity. Samples vere drawn at periodle intervals
and mﬁ: - i and No; « 5 contents were agstimated, The pH,

Eh and EC of the submerged sample were also deturmined at
pericdic intervalse,

The pot culture stuldy also included the pars 6 nitrogén
soureas and treatments with and without lime, Hitrogen was
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applied at the rate of 90 kg ha'1 in two split doses, at
tillering and a wook before panicle initiation, The rice
varlety, Jyothi was grown and observations on the growth
characters, content and uptake of N, P and K at periodic

intervals and yield wore recorded.
The results of the study are summarised below,

i, pH of the 20il increased on suksnergence, Lime
application increagsed the pH in all treatments during
the 4initial peridd of submergence only.

2w Eh rapldly declined, 1ﬁmediately after submergence,
It was followed by an increese and thercafter a gradual
decreagse and then stablilised. Higher values ware

obtained for unlimed treatments compared to limed,
3e pH and Eh were negatively correlated.

e EC of the gsoll increagsed on submargence, higher values
being recorded for ammonium sulphate, Liming increased

o the values in a2ll treatments,

Se Between sources, rock phosphate coated urea (RPU)
mailntained a higher NH: = N content through out the
perilod of gtudy, due to its efficlent «coating,

Howaver, liming reduced the efficlency of coatinge

S Liming increased the rate of urea hydrolysis,



7.

Be

e

10¢

11.

12,

92

Rate of nitrification was very low and it ranged

£rom 2.4% o 3.4% only, on the 45 % day of incubation,

At 70 per cent of £ield moisture capacity also nitrogen
transformation was similar to thet under submerged
condition, Urea hydrolysis was slower, when compared

to that under flooded condition.

Rate of nitrification was negligible even after 30
days of incubation.

Poteculturae sxperiment showed that coated fertilisgrs
(rock phosphate coated urea, gypsum coated urea, neen
coatad urea and neem coated ammoniﬁm sulphate) gave
highor vields compared €0 uncoated fertlllsers (u;ea

and ammonium sulphate),

Unlimed RPU recorded the highest vield, but with

lime the yleld was drastically raducad,

Liming had no signiflicant effect on growth and

yield of rice,

CONCLUSIONS

1) Rote of nitrification in Karxappadom soil i3 low.

1i) Growth and yield of rice im maximum with coated

fertilisers, especlally rock-phosphate coated urea,

iii) Liming decreascd the efficiency of rock phosphate

coated urea and decrassed grain yield,
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APPENDICES



Appendix I, Weather data.(weekly average) for the croppling period
(June 1986 to October 1986)

Week No., Month Data Rain€all (mm) ___Egggggasg;g_L__l__ Re{igjve Humidity
25 . June 18=24 206 268.9 22.9 90
26 June 25=-1 July 328 27.6 24.0 90
27 July 2w 18 29,7 22,7 80
28 " July 9=15 143 28,8 22,8 88
29 July 16=22 118 2942 23,3 87
30 July 2329 64 30,0 23.0 =T
31 July 30= 5 fuge 34 30,0 21,9 a4
3z August =12 305 272 2343 92
33 August 13=19 20 2943 2346 82
34 August 20=26 - 30.0 33.0 80
3s August 27= 2 Septes - 31,5 22,0 75
36 Septenber 3~ 9 23 30,9 23,0 76
3?7 September 10«16 ' 3 29.6 2245 79
38 Septenbar 1723 179 ) 29,3 2342 87
39 Sgptember 24=30 77 30.3 2341 e84
40 Octoker 1= 7 114 30.5 2343 83
a1 Cctober D14 27 31.8 23,0 75

Source : Meteorologleol observatory, Vellanikkara.



Appendix IX,

I-é-

at submerged molsture regime,

Analysls of varliance for B§4 - 1 content of soil

Me age
Soures ag 1st doy 2nd day 4ath day Sth day Sth day
Total 23 - - - - -
Treatments 5 518,87** 117,782* 26,07 404,94 %> 238493
Lime 1 232.85 104,73* '3009.17* Bl.21 253,03
Treat, x Lime 5 398,32%* 6T 20%% 924,32 257.11%* 234,68
Error 12 6775 12,72 45433 46.48 69.41
11th day 16th day  23rd day 30th day 45th day §0th day S0th day
AB5,72%* 248,87 178443 187.82% 31.3% 139,38%¥ 117.24
13,62 299,89 13,95 106,93 3.68 54463 71.59
257,164 520,50 124.46 614.,02%* 68387 152,67%*% 162,50
45,46 211,79 219,17 49,12 90.57 18,89 55469
N * Significant at 5% level
*¢  Significant at 1% level



Appendix 1LY, Analysis of variance for Nd; - N
content of soil at submerged

moisture regime.

6 Mean square
Source af

45th day 60th day 90th day
Treatment 5 0.609*% 0,991 % 0281
Lime 1 0.212 0.821 0.048
T!:éat X Lims 5 0.222 1-270* 0.643




Appendix IV. Adnalysics of variance for NH: =~ N content of soil
at 70% of field moisture capacitye.

Fean sguares

Source af 1st day 7th day i4th Gay 21st day 30th day 45th day 60th day 9S0th

Total 23 - - | - - . - - - -
Treatment = 5 1047.01%% 405,98%4 139,37%% 270.55%% 286.61%% 334.48%% 235.764% 92,
Lime 1 111,59% 0,578 271,70%% 373,76%% 407,31%%  75.43%  178.21%¢ 136,
Troatxldme S  320,19%% 113,40%%  S7.16%% 113,37%% 130.90%" 142,47%%  85,79%* 35,

Error 12 15,18 17,92 3.82 J.81 1593 11,15 7451 14,

*  Significant at 5% level
e%  Significant at 1% level



Appendix Ve Snolysis of variance for HU; = H content of soll
at. 704 of f£fleld molisture capacliya.

Souree K 3oem aay . 45th day __ GOth day 9ath day
Total 23 - - - -
Treatments s 0.4229% 1,163 0.820 0.475
Lime 1 0.024 04057 0059 246719
Treate x Lime 5 0.666*¢ 0,983 04440 0,767
Error 12 0.053 04433 04433 04293




Appenaix VIi. Analysis of variance for hight of rice
plant (cm) as influenced by Negources
and liming at various stages of growths

Meaan gggpmﬁ
Sourca df Panicle Flowering Harvest
O
Total 27 - - -
Treatments 6 73.99* 191,13% B84,77*
Lime 1 30,03 3,07 14 .87
Treat, x Lime 6 20.05 G6e11 22,90
Error 14 16451 47,02 17.47

* Significant at 5% level
t*  Significant at 1% level

Appendix VII, »Analysis of varlance for tillers pl.ant'1
gt various growth stages as influenced
by Negources and limlng.

Mean gsquares
Source af Tanicle Flovering “Harvest
initiation :
Treatment 6 5440** 7.90 6497
Lime 1 2428 1.28 2428
Treat. x Lime 6 | 1,19 0461 . 6,11
Error 14 1,00 2,85 3.71

* Significent at 5% level
v+ Significant at 1% lavel



Appendix VIIX,

Analysis of varlance for leaf arca index (LAX)
at various stages of growth of rice as
influenced by Hesources and liming.

Mean squeres

Source as Maximum Panicle Flowering Harvest
tillering initiation
Total 27 - - - -
Treatment 6 0,041 0.850** 1.662%* 1.096%*
Lims 1 0.052 0.413 D.401 00492
Treat, x Iime & 0.055 0.216 0,220 0.215
Error 14 0,027 0,190 0.303 0,138
*  Significant at 5% level
*# Significant at 1% level



Appendix IX.

Analysis of variance for dry matter
accumulation (g plant'1) at variousz

by Beaources and liming

‘growth gtages of rice as influenced

Mgnn souoges
Source as
Maximum Panicle Flowering Harvest
tillering initiation
Total 27 - . - - -
Treatment - 0,069 . Ye553%% . 41267 24,11%*
Lime 1 06227 . 0a526 0,80 129
Treat, x Ldmo 4 06045 . 04659 27450 Be72%%
Exrror 14 06013 06587 . 29,08 1.73

*

Rppendix Xe

*

o

Significant at 5% lavel
Significant at 1% level

Analysis of variance for mean nunmber of
panicles/plant and spikelets/panicle as
influenced by Resources and liming,

M 2qUYaLes
panicledSplant apikelota/panicle

Source as
Treatmonta 6 0,914* 209,34
Lime 1 04223 12,18
Treat, X Lime 6 0,057 120671
Error 14 0,223 107.71
* Significent at 5% lavel
*2  Significant at 1% level



Appendlix XI. Analysis of varisnce for grain vield, straw
vield and harvest index as influaenced by
Regources and liming.

Mean_s-araeg

Source df Grain vield Straw yvield Harvest

(g pot=1) (e pot=1) index
Total 27 e - -
Treatment 6 53.,072% : 153474 0003
Lime : 1 24.34 ' 42426 ' 040082
Troate x Lime 6 24 475% , 28,71 00002
Brrox 14 “Te94 17.28 D002

* Significant at 5% level
** Significant at 1% level

Appendix Xii. Analysis of varlance for N content (%) at
various stages of the crep as influenced
by Nesources and liming,

Moan scuaren

Sourea 42 Haximum Panicle Flovering —rlArYest
tillering inltiation strow _ _grain
Total 27 - - s - -
Treatment 6 0,374 0,132 (010 0,004 0.,046*
Lime 1 0,697 03.079 0,078 0.002 0.014
Treat. x Lime 6 04466 D.116 04013 0,009 0,018
Error 14 0,326 De150 04022 04013 0,012

* Significant at 55 level
% Significant at 1% level



Appendis XIIl. Analysis of variance for phosphorus
content (%) at various stages of
crop as influenced by N gources and liming,.

., Source d4f Maximum vaniﬁle Flowering Strgs = Crain
t i nit ion
Total 27 - - - - -
Troatnent 6 0,004 0,002 0.002 0.001 0,001
Lima 1 0,001 0.001 0,005 0.003 0,001
Treat. x Lime 6 0.009 0,001 0,001 0,001 (0.001

Errcor 14 0.004 0,001 0,002 0.001 0,001

Appendix XIV. Analysis of varlance for potasaium content (%)
at variocus stages of the crop as influenced
by MNegources and liming,.

Mean soquares

Source Af Hawimum  Panicle Flovering Harvest
tillering  initiation Staow . Sgain
Total 27 - - - - -
Treatment 6 0,582 0.173 0.030 0.238 0,005
Lime 1 0,006 0.019 0,015 0,060 0003
Treat, »x Lime 6 D202 0,024 0017 0,048 0.004

Error 14 0235 0.217 0.07% 0.326 0,005




1

Appendlix XVa analysis of variance for Heuptcke (mg plant
at various stages of the crop es influenced
by Neggources and liming,
' Menn are

dource df Maximum Fanicle Flowering Harvest
L tilleping Anitistion Straw 3
Total 27 - - - - -
Treatment 6 416499 2520422 6378.75 702,52 753.08%
Lime 1 55028 37,12 2235,00 39,58 7458
Trest, ¥ Lime 6 £235.18 | B60,74 3945,58 245,36 298,02
Error 14 252,91 1199453 4623,50 303,68 180,62

Appendix Vi,

¢ Signifficant st 5% level

AMalysis of variance for P-uptake (mng plant™

1

at various stages of the corop as influenced
by Nezourcas and liming,

e S2U8ran

Source daf HMaxdmum Panicle Flowvering Harwagt

tillering initiation Straw Srnin
Total 27 - - - - -
Treatment B 4,684 30,50* 339,42 39434%% 39,34% -
Lime 1 04143 12,89 1,695 25,42 16416
Treats x Lime 6 6,363 8404 108,00 28434 21420
Error ia 2,642 B420 164433 G400 10.82

* Significant at SHlevel



Appendix XVII. Analysls of varlance for K uptake -
{ng slant™!) at various stages of
the ¢rop as influenced by Nesources

ahd liming.
Source df Mauimum  Panicle Flowering 5 Harvast
tilleping inl ion Straw Orajn
TOtﬁl 2? - - - - -
Treatment 6 413,82 2721.93 8593441 5374.06 250,18*#
Lima 1 161.61 0.625 24,50 10G6,18 18,46

Treat, x Lime 6 191,40 122,64 4720,87 5187.9¢ 71,90

Error 14 125,48 1428,48 777573 7705,12 57.08

** Significant at 1% level



Appendin AWIII. Correlation of grain yield with
gsoll factors and yield attributes

Paremetors Correlatlon Significance

goefficient
(Thble value 5% significancet 0.,534)

mz;‘ - I content
in soil at

MT 040916 NS

PE =(,128 NS

r «(e120 Hs

H =0 406 NS
rm; - i content
in soil at

1T DeH11 M5

PL «()e151 NS

¥ =04036 NS

B 0.511 s
Dry matter
accunulation

M 3.021 nS

PI 06247 8S

k3 0487 NS_

] 04945 Sig e
Humber of tillers

PI 0085 NS

3 0,718 Slge

H 5,709 Sigw#
Leaf area index {IAI)

PI 04271 1

P 04658 Sig*®

Ho 04627 Slge
Humber of panicles/plant 0,481 NS
Humber of spikelets/pan. 0,235 NS
100 grain weight 04508 1S
Eltrogen content PI 0361 N3

r 0160 nsg
Nitrogen uptake vx Ce377 NS
2 0,410 NS




Appendix XIX. Hundred grain weight (g) as influenced
by Nespurces and liming,

Hegources o Unlimed ‘Lb) Limed (L)
1. Control (C) 2454 ‘2.06
2, Urea (0) , 3443 2493
3. ammonium sulphata {(AS) 3.60 3495
4, neem coated urea (NCU) 3.53 3495
S, neen coated ammonium

sulphatae (NCA) 3,16 3.20
6+ Cypsum coated urea (CCU) : 3430 3430
7« Rock phosphate coated urea (RPU) 3.80 3.08

Appendix XX, Nitrogen recovery (3%} by rice as
influsnced by Negources.

Regourcen Regovary_ (%)
Urea (V) ‘ 1520
Ammonium sulphate (AS) 16429
tieem coated Urea (NCU) 26432
Neem coated ammonium sulphate (BCA) 40,78
Gypsum coated ures (GCU) 41,48
Rock phoephate cooted urea (RPU) 53410

Rocovery % = Hitrogen uptake=eillitrogen uptake
piild L {gontzro} not)
- Nitrogen applied

X 100



Appendix XXI. UNitrification rate (%) as influenced
by different Nesources.

(a) S A4 _moistu

“icsouzces ' 15Eh dav_G0th ey 90h Ay
Urea (U) 247 6469 10.5
Ammonium sulphate (AS) 241 673 54
Neem coated Yrea (NCU) 2,95 697 5¢13
Hoem coated ammonium

sulphate (HCh) 2415 Sedl 5463
Gypsum coated urea (GCU) 2459 6479 5,52
Rock phosphate coated
‘ urea (RPU) 3.44 Be5 S5¢l13

{b) 70% of £i n capacl
Nesourgeas 30th day _45th day 60th day 90¢h Jay

Ueaa (U) 1.9 4,6 ) 545 4,9
Ammoniunm sulphate (AS) 245 S5e2  6a8 540
Neem coated urea (NCU) 3.6 5e9 840 640
Neem coated ammonium

sulphate (NCA) 248 4.3 Gal Se7
 Gypsum coated urea (GCU) 249 58 75 640
Rock phosphate coated '

urea (RPU) 2,5 Sel Ga2 4.9

Rate of nitrification (%) = §23:‘ N NOZ e 2100

nHY . ™ - ™ -
[ =N +NOj =N N0 = N
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ADSTRACT

The present study on ‘dynamics of applied nitrogen
in acidic s0ils of Kuttenasd (Karappadom soill)® was conducted
at the College of Horticulture, Vellanikkara, Trichur from
January 1986 to December, 1686, A total of six materials
vizs urea, ammonium sulphate, neem coated ures, neem costed
ammoniumn sulphate, gypsum coated urea snd rock phosphate
coated urea were uséd a8 N gources, The experiment included
limed snd unlimed treatments of these sources at two moisture

regimos,

The results of the atudy nroved that the rate of
nitrification was vary low in Karappadom soil and that thera
was no appreciablae conversion of ﬂﬂZ - b to &O;

also showed that the coated fertilisers performed better

than the uncoated fertilizers in this soil,

EC and pH of the soil incraeased on submergence,

Eh and pH of the soll were nagatively coxrelated,

Data on various growth and yield characters of the
rice varietg,Jyothi showved that, nitrogen recovery was
higher with coated fertilisers than with uncoated
fertilisers, Rock phosphate coated urea gave maximum
grain ylelds, hovever in the presencs of lime its efficlency

was reduced drastically,





