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INTRODUCTION

It has been well established that the plants absorb nitrogen
mainly 1in the form of ammonia and/or nitrate. In the cdse of
flooded rice, ammoniacal form 1s preferred to nitrate form, primarily
because nitrification 1s rather slow 1in anaerobic soil environment
Urea 15 the most popular nitrogen *ertilizer used in rice cultivation.
When urea 1s applied to soil, 1t rapidly undergces enzymatic
hydrolysis leading to the production of ammonia and COZ’ This
reaction mediated by the enzyme urease present in the soil, forms
the most important step 1in the utilization of N from urea by the
plant Though urea is mostly taken up by plant after its hydrolysis,
1t has been demonstrated by Japanese workers 1n the early 1960's
{Mitsur and Kurihara, 1962) that rice plants are capable of absorbing
urea 1n the molecular form. In a recent study conducted 1in this
lab, 1t was observed that a drastic decline 1n urease activity

occured following flooding the soi1l (Saraswathi et al., 1991) It

15 to be assumed 1n this contz>* that urea top-dressed to flooded
rice can persist i1n the soil for a considerably longer time without
hydrolysis Under such circumstances, there exists a strong possib-
ility tor absorbing larger quantities of urea in the molecular form.

Hence 1t was decided to examine the possibility of molecular

absorption of urea by flooded and non-flooded rice from top and

basal dressings

—3
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There are divergent findings on the effect of soil moisture
or water level! on urease activity While some workers have reported
decrease 1n soil urease activity upon soll submergence (Dalal, 1975),
some wokers could not find any suvch effect of soil moisture (Skujins
and Mc Larin, 1969; Delaune and Patrick, 1970; Gould et al., 1973).
Most of these studies have done by the non-buffer method of Zantua
and Bremner for 5 h 1lncubation period However, not much information
1s avallable on the effect of soil submergence upon prolonged
incubation with urea. Though the urease activity 1s mostly estimated
employlng the non-buffer method, 1t 1s possible to estimate the
activity using 1L‘C labelled wurea. Considering all these aspects

an investigation was undertaken with the following objectives.

1 To study the effect of soil submergence on urease activity upon

orolonged incubation with the - 'bsi—ate
2 To know the molecular absu-crion of urea by tlocded and non-
flooded rice from top and basa. dress.ngs.

3 To develop an 1isotope method tcr the estimaton of urease

activity
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REVIEW OF LITERATURE

The literature reviewed 1w this chapter are classified under

the following heads.

1 0Origin and location of soil urease

Kinetics of urease activity

[\

3 Influence of soil moisture on urea hydrolysis
4 Methods of assay of urease activity in soils

Absorption of molecular urea and other forms of nitrogen

o

2.1 Origin and location of soil urease

The presence of urease 1n soil was first indicated by Rotim
(1935 Later Conard (1940, 1942a, b) nypot-esized that urea hydro-
lysis was catalyzed by extracellilar urease derived from dead
and ruptured cells of ureoly..r microorganisms and plant organs
adsorbed 1into soil functions: | ster Mc Garity and Myers (1967)
reported that urea could be hydiolysed by urease produced by
active so:l microorganisms. Paulson and Kurtz (1969) demonstrated
that urease activity of soil could be devided 1into two components.
microblal urease, directly associated with microorgamisms and
adsorbed urease, apparently adsorbed on soil colloids But :t was
generally assumed that the urease 1n soils 1s essentially a microbial
extracellular enzyme accumulated through release of urease from

living and dlsintegrated microbial cells (Skujins, 1976). Therefore



urease activity refers to the zctivity of extracelluiar urease 1L

the soil and exclude the ureas- activity of metabolizing micro-

organlsms

Although some of the urease activity produced on treatment
of soil with organic material persisted for several weeks, the urease
activity of soi1l amended with organic materials eventually became
identical to that of the unamended soil (Zantua and Bremner, 1976,
1977) This 1ndicates that the urease activity of unamended soils
reflects their capacity for protection of urease ard that urease
in excess of their capacity is decomposed or 1nact..zted. Zantva
anc. Bremner (1876, 1977) concluded 1ihat native 1rease 1n soils
was remarkably stable and diffecent soils had different levels of
urease activity determined by <he ability of their constituents to

protect urease against microbilay degradation and other processes

leading to inactivation of the enzyme.

Accourding to Burns (1982) the location of urease enzyme
was atleast partially determined by such factors as the size and
solubility of 1ts substrate, the species of microorganisms and the
physical and chemical nature of the soil colloads. He also found
that enzyme bound to clay and humic ceolloids had a resiaual activity
not found 1n enzymes free 1n the soll-agqueous pnase. The results
of *he swdies by Tiwari et al. {1988) demonstrated that there

were atleast three different loci of enzyme activity 1in scil: 1inside



viable cells, on the surface ¢{ clay humic collo:ds and in the soil

solution,
2.2 Kinetics of urrase activiiy

According to Delaune &na Patrick (1970) urea hydrolysis

took place at the 1mtial rate of apout 8-12 ppm/h ard levelled

off after about *4 h Gou.d e al. (1973) measured the hydrolysis

rate of urea undei l!ahoratory concitions ar. found that equivalent

of 200 Mg urea N 9_1 soll «arlded as a soluticn, hydrolysed 1In

20 h.

Dalal (19¢5) stucied the effect of varying the period of
incubation on the urease artivity and found that urea hydrolysis
followed a zero order «inetics. The substrate concentration was
not a limiting fsctor in the assay of enzyme activity for periods
of Incubatlon extending upto 16 h. Sankhayan and Shukla (1976)
found that st of the ur2a added to five Indian soils was

hydrolysad within 24 . ana the average half time values ranged

from 3 7 to 7.9 n Hydro.ysis was found to follow a first order
reaction Sahrewat (1980d; o.served 1n a non-buffer method of

study with lh ee alluvial soils o India that urea “vdrolysis followed

a zero order kinelics at least up to 12 h and the urea hydrolysis

rate coefficient (ko) cof the ru1v ranged from 0.83 to O 167/.1 moles

9“1 soil nql




Singh and Yadav (1981} observed that complete hydrolysis
of urea occured ifter one week . sandy lecam and two weeks 1n
sandy soils. Singh and Bajwa {1986) found thai urea hydrolysis
seemed to foliow first order kinetics 1n salt affected soils and
the average time fc, one half of the hydrolysis to occur (t 1/2)

ranged from 0 51 tn 4.55 days.

Paulson and Kurtz ({1970 obtained Michaelis constant (Km)
value of 0 212 M for the total u.rease activity ane 0.057 M and
0 252 M for mir_'“oblal and adsorhed forms of soi1l uiease respect-
ively In presence of THAM butfer, Tabatabai (1973) reported Km
values ranging from [.3-7 M urea for different soils. Pal and
Chhonkar (1979) evaluated .he :nfluence of different seil character-
istics or epzyme kinetics ana found that Michaelis constant (Km)
for the encyme veried 1in different soils and was significantly and
positively correlated with soluble salt rentent. Saraswathy (1989)
in & study without buffer recordea the Km wvalues of 116, 130.2
ancd 714.3 y. mole~ of urea in Karappadam, black and kar: soils,
The corresponding V¥V max valu.s cob*alred were 1.4 2.6 and 7.3 u
moles of urea hydrolysed 9_1 wull h-1 respectively  With blffe
(pH 7 2) the Km ‘alues obtain-d for Karappadam, black and kari
s0ils were 45.3, 55.1 and 2346.6 M moles of urea and the corres-

pondiny V. max values were 4,2, 1.2 and 16.7 M moles of urea

hvdrolysed g—1 soil h] respectively.




2.3 [Influence of scil moisture on urea hyarolysis

There are divergent findings on the effect ot soil morsture
or water level on urease activity. Several workers had found that
urease activity 1n so1l was not significantly atfected by the wate-
level {S5hujins and Mc Laren 19c® Delaune and Patrick, 1870; Gould
et al , 1972) Skunns and Mc laren (1969) fourc that activity
in an Jir dried soil equilibrated at 100 per zeat resetive humidity
was close to that observed when this soil contained 50 per cent
water Dalal (1975) found tha. urease activity increased with moisture
content from 25 to 50 per cent WHC beyond which it decreased. Accord-
to Wikremansinghe et al. (1981) the rate of urea hydrolysis

g

was independent of soil moisture at 25% or above.

More and Varade (1982) concluaded that about b5% of appl.ed
urea N hydrolysed within 2-4 days at all levels of soi1l moisture
potentialc (7ero -0 33, -5.0 ond -25 Q bary, Farooqui et al. (1983)

observed coiplete hydroiysis f trea within 11 days and found

that mineralisation otential o* w1l under anaeroblc condition was
p

more than that under aerobic condition. According to viex and Carter
(1383) soil urease .s sencitive to the :iacx of soil moisture and
an Inc-sased hydrolysis of urca occurs with 1increasing soil water
content upto near field capaciity. followed by a decrease thereafter
Kuma ard Wesenat 11884) olso reported a linear increase 1in urease

activiiy with moisiure comwents upto field capacity. Sahrawat (1984)



observea that urease activity increased with 1ncreasing moisture
content from <1 dried state to field capacity ard then remained
canstant with further increase u molsture content. However, urease
activity was not detected in «¢ ' <amples collected 1n late summer

when the soll moisture c ntent was below =15 bar

According to Sahrawat (1980b) flood water of tropical lowland
rice soils might have measurable amounts of urease activity though
its contribution was far less than that of soil urease. Vlek et al.
{1980) reported that urease activity In flooded soils was not constant
but was dynamic and changed with the duration of ilooding. According
to them the flood water urea was hydrolysed largely at the soil-
flood water 1nterface. Savant et 2! (1983} observed that 1n a
submerged soil system 1incubated for 24 n. thc depletion of 04
seented to retard the hydrolys:s and w.": a longer submergence
time, soi1l Fh  Jdecreased and <51l ureese activity alsc decreased
to a stabili7ed value. However, -n reoxidation of the reouced soil
under a continuous 1 cr of loed water the scil urease activity
showad « marked 1ncrease. In general the order of tne urea
hydrolysis 1n the main threce components ot the wetland soil system
was oxidised soil >» reduced soil 3> flooded water {without algae)
Thus urea hydrolvsis in a wet land soil system showed temporal

and spatial variation

Accotdinel to Monoreal =t al. (1886 urea got hydrolised

complately within five days. 1loca wat=r concentratiors of urea




N decreased rapidly and all wea 1nitially present 1n the flood

water was hydroiysed withun t-2 days. Saraswath1 et al. (1991)
observed that wien urea wes 1 'ded to the soil which was 1n a
reduted condition, tnere was a steady decrease :n urea hydrolysis

and no uiease aclivity could be noticed upon flooding for periods

longer than two days.
2.4 Methods of assay of ureas=2 activity in soils

Numerous methods had been used for assay of urease activity
1n sails The methods which had been thoroughlv evaluated were
the buffer metnc ! proposed by Tabatabar and Bremner (1972) and
the non-buffer method preposed by Zanwwa ana Bremrer (1975)
The non-buffer method cited ws- essentialily a sca'ed-deown version
of the method proposed by MNnoyglas and Bremner (970}, the on'y
significant difference being tha‘, toluene was omitted. It involved
deternination of thc amount of mrea hvaolysed or incubation of
the <o1! sarmple with area at 37°C for 5 h, urea hydrolysis being
estimated by colorimetric determination of urea 1n the extract
(Douglas and Bremner, 1970) obtained by shaking the 1ncubated
s01l sample with 2 M KCl containing a urease tnhibiter (PMA) and
filtering the resulting suspension According to Zantua ond Bremner
(1975}, although both mathodc gave piecise results, the buffer

method gave markedly higher values then non-buffer method and

detected urease activily that did rot ocetm wren -uils were treated
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witn urea 1n tnhe absence of bufirr, A rapid assay Tor sollL urease
had been develoned by handeler and Gerper (1988). The method
invo'ved 1ncubation of soil w.th an aques.s or buffercd urea solut-
1on, extraction of ammomum with 1 N KCl and ©0.01 N HCl and
colorimetric NHZ determination by a modified ndophenol reaction.
In a modified method of Douglas and Bremner, Praveenkumar and
Aggarwal (1989) propocsed the use of Hziau':)lI in place of H3PO4. The
use of HZSOI; was found to uicrease the linear calibration range
almost two fold without affecting the precision ot the original

meinod and the developed coiosur remainea stable fo~ 72 h 1n the

gar k.

—~

Several workers had ass. «d 3501l urease actlvity .n solls

by estimating the 1I'LCOZ releasca tnrough h,drolysis of MC:—l.abelled

urea (Swkunins and Mc Laren, 1969; Pel'tger, 1972; Norstadt et al.,
1973} Skujins and Mc Laren (1969) observea a Jinear rate of MLCO2
evolution 1n all urea-amendeo soi1ls for several hours, after which
time an 1ncrease of rate 1indicating microbial proliferauon. Thus
an intr.nsic urease activity might be distinguished from enzymatic
activity due to mcrobilal prolifeiation. Cne problem recognised
by Skujins and Mc Laren {1968, 19R9) was that tne MCG? produced
v h,drolysis of 14C labeiled uree .n solls was not evolved quantit-

[nH 5 ) ooffer for assay

14

ot urease activity 1n soils by ceterminatior ot the CC, releassA

ativaly They proposed use ot an &c.dic

from MC labelled wurea. Anoin problem w1 use of 14(3 labeiled
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urea was the possibility of 1sotope effects (Rabinowitz et al.,

1956)

2.5 Absorptic of molecular urea and aother forms of nitregen

Most plant roots were thought to absc~b nitrate niore rapidly
thas ammonjum (Viets, 1965), =!tlwugh theie verc reports (Fried
et a. , 1965, Sprutt and Gasser :970) that young seedlings preferrcd
ammonium. [n several experimer greater amounts of nitrogen were
absorbed and better growth was observeu when rice was sunplied
with the ammorium rNH;:) rather than the nitrate (NO‘;) form of
nitroaen {NDui, 1951, Patrik and Sturgis, 1958) Tanaka et al {1959)
obtained comparatively better growth and higher grain yield 1in
a rulture solution experiment when ammonium was applied upto ear
wictlation and nirtrate at later growth siages  Fried et al (1965)

observed that ainmonium could be absorberd 5-20 t. s as fast as

nitrate, depending on the pH of the medium

Mc Carthv  1972) studied utea opiake by different specles
of marime sShytoplankton ana 7. & that severa haa nmigh affraities
for urea uptake Active mechantsms 0~ urea transport .n Aspergilius
{Paleman et al , 1973) and n Sc~charomvces (Cou ev and Sumrzada,

1975) were alse reported. lleairy {(7977) ~cporicd that nitrogen

defiriency  1nt~eased the 1nitial saturateca rate of ammonium  and

tHred UPtake Iy green and blue green algae




Several workers (Frieberg .und Payne, 1957, Dilley and Walke~
1961 Mitsur and Kurihara, 1952 reported that urea can enter the
planfs not only after 1ts decomposi‘.on but also as a “aole molecule.
Freiberg and Payne (1957) noted the absorntion or undecomposed
the leaves of banana, and Japancse researchers (Mitsul

urea oy

et al , 1960, Mitsul and Kurihara, 1962} by the roots of rice.
No activity of urease was found 1n the tissues of roots of rice
or tn the assimilatory tissues of banana. Molecules of urea were
found 1in the julce of the crushed leaves and 1n the guttation

exiided by corn grown 1in a solution of urea, which proved the

abso ption of Lreix by corn plants (Korenkov, 1966).

Aullo radiographs of rice olants fed with MC urea confirmed
the molecular absorption of urea i(Saraswathi et al., 1991, Quantit-

atively the accumulation of M(‘ « ounted {o 1.8 Mg uTes h"1 g_I

plant tissue. It was also suggested that rre molecular absorption

of the applied urea could be substantial ron top dressing undar

anaerobic situation

o
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MATERIALS AND METHODS

The expet iment was conducted at the Radio Tracer Laboratory,
Coltege of Horticulture, Kerala Agricultural University. This 1s

located at 10°32' N latitude and 76°16' E longitude at an altitude

of 22 m above M.S.L.

The investigation was mainly aimed to find out the absorption
of molecular urea and other forms or nitrogen by rice under flooded
and non tlooced situations. It was also 1intended to study the
influence of soil submergence on urea hydrolysis and also to develop

an 1sotope method for urease esi'nation

The experiments undertaken durirg the course of this 1nvesti-

gations were as follows.

) Effect of soil submergence on urea hydrolysis 1n five soil types

of herala, le , laterite, kari, xayal, kole and black cotton

solls
14 12
2 Pot cultu 2 experiment using C and N labeilea urea to study
the absorption of nitrogen as molecular urea and other forms

by flooded and non flooded rice

3 [Development o* an 1sotope method for urease estimation.

2
Y
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3.1 [Effect of soil submergence or urea hydrolysis

Laterite, kole, kar:, kayal and black cotton soils were

included 1n thas study

Five gram samples each of the five souil types were
submerged for varying perlod of 0, 5, 10, 20 ano 356G days prio~
to application of urea. The soil samples were taken 1n glass tubes
(30 mm x 120 mm, 30 ml capacuay and flooded vwi.th 5 ml of distilled
water and were kept for the _ovecified period of submergence On
the eolapse of the time specifiea for submergence, % ~il of the urea
colution (2000 M4 g_1 soil) was aaded and 'ncubated for difrerent
intervals of time namely, 5, 12, 24, 48, 72, 120, 240, 480 and
720 h Sufficient number of replications were xept to allow the
removal of samples 1n duplicate for each soil at different intervals
At the end of each incubation period urease activity was estimated

by the non-bufter method (Zantua and Bremner, 1975}

3 11 Measurement of Eh and pH

The Eh and pH were alsoc measuiec for all the samples at
the end of each submergerce pe~iod The pk was measuted by a
combination glass calomel electrnde, The Eh was mzasured by -«
comiyinafion Pt-reference (Silve oJhioride) electrode connected to

a redox meter (T0OA Electronics Ltd |, Japar!
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3.1.2 Physico chemical properties of soil

The physico chemical properties of lailerite, kari, kayal,

kole and black cotton soils are presented i Taeble 1.

3.2 Pot culture experiment with rice

An alternate stanle 1sctope radio labelling technmique was

employed 1n this study.

Three levels of nitrogen (50, 10G and 150 kg ha_1) was
applied to the rice grown 1in pots under flooded and non flooded
(60 per cent field capacity) conditions. The three levels of nitrogen
were given 1n two equal splits as basal and one week prior to
panicle 1mtiation stage. MC iabelled urea and 15|\| labelled urea

were used alternately to supply the spglit doses. The detailed

programme of the experiment 1s given below.

Surface samples (0-15 cm) of laterite soil from the Agricult-
ural Research Station, Mannuthvy were usad for the pot culwre
axperiment, The physico-chemi--: properties of the soil a~e presenieq
in Table 4.1 1. Five k:ilogran ot the air dried soil which was
grourd to pass through a 2 mm sieve was filled in sixty plastic
buckets of 7 litre capacity. Half of the Tilled buckets were kept
at field capacity and the remaining at 60 per cent field capacity.
Ten pre-soaked seeds of variety Jaya were dibbled, one 1in each

hole at 1-2 cm depth per pot. Later thinning was done to retain
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Tabel 1. Physico-chemical properties of laterite, kari, kavyal, kole
and black soils.

1. Mechanical composition

Soil type Fraction (per cent composition) Textural Procedure

Sand Silt Clay class adopted
Laterite 85.0 12.5 2.5 Loamy
sand
Kari 62.5 26,25 7.5 Sandy loam Hy drometer
Kayal 75.0 8.75 16.25 Sandy loam method
Kole 55 0 23.75 21.25 Sandy clay {Bouyoucos,
loam 1962)
Black 73 75 10.0 16.25 Sandy loam

2. Physical constants

Soil type Max1mum water holding Fieid  Capacity
capacity (%) (Keen Racz- (%) (gravimetric
howsk i Box method Piper, method)

1950)

Laterite 30.0 20.5

Kar 59.4 25.71

Kayal 74 .1 37.77

Kole 67.4 31.3

Black 72.86 35 05




3 Chemlcal properties

So1l type

Sotl characteristics (aterite Kar Kayal Kole Slack Method used

Organic carbon {per cent) 0.38 3.96 186 1.57 0 63 Walkley and Blackh method
(Piper, 1950}

Total N {(per cent} 0.154 0.35 0.25 0.26 0.14 Micro Kjeldahl method
(Jackson, 1958)

Available P (ppm) 19 0 5.0 1.5 2.5 7.25 Chlorostannous reduced
molybdo phosphoric blue
colour method (Jackson,
1938)

Availlable € ‘ppm) 70.0 25.0 140 140 4532 “rame photometric method
(wacksorn, 1958)

pH 4.7 2.5 4.4 4 7 8.0 Elico® pH meter
(Jackson, 1958)

Eh (mV) +320 1480 +420 +415 +310 Model RM-1K oxidation
reduct:on potential meter
of TOA Electronirs | td.,
Japan

CEC (me 100 9_1 soll) 2.8 34.3 16 4 21.3 52.4 Ammonium acetate method

(Jackson, 1958)

Ll
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tour plants at the four corners of the bucket, In pots, kept under

flooded condition, 1nitially water w~as spri~xled fo 3-4 days and

later a thin film of water was mawntained during the ir:itial establi-
shment period of the seedlings During the later stages a constant
water level of 4-5 cm height was maintar~ed 1n the flooded pots
In pots which were kept at 60 per cent fTield capacity, watering

was done daily at the rate to account for the evapotranspiration

loss

3 2 1 Details of the treatments

Crop - Race

Var lety - Jaya

Moisture regimes - 2 (flooded and 60% tield canacity)

Dose of N - 3

1 50 kg N ha !

2. 100 kg N ha”

3 150 kg N ha |

Sources of N - 2

1 MC labelled urea

2 15N labelled urea

Method of application
14 15
1. C urea as basal and N urea one weelh pr or to panicle
1nitiation
5 15 14
2. N urea as basal and C urea ore week prio~ to panicle

initiation



3.2.2 Outline of the treatment
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Design ~ Factoria:r C P D.
Number of treatment - 12
Replications ~ 4

In addition to the 48 pots which received the nitrogen treai-
ment, eight control pots were maintained without applying nitrogen
for both the flooded and non floodeo s.tuations Thus there were

48 pnots, which received the different lerels of nmitrogen and 16

pots which received no nitrogen.

Out of the 48 treatment ~ots, basal application of nitregen
was done to 24 pots with 1‘QC asea and to anothes 24 pois with

15N urea two weeks after sowing. The three hasal levels of nitrogen

apputed was at the rate of 25 kg N ha™l, 50 kg N he! and 75
kg N ha—1 in the flooded and non floodea conditions. Immediately
after applying urea, 4-5 cm level of water was maintained 1n the

pots which were to be kept at flooded situations.

3 2 3 Preparation of 14C urea

~

y/
“C urea was obtained fror Isotope Div s:v~, B.A P C |

Trombav 500 ml of MC urea solution v.as prepared havirg an

activity of 2 /UCl/ml and conteir1ny 12 5 mg of urea N m”!

3 2 4 Preparation of 15N urea

]SN enriched urea was rhtained from Rastiiria Chemicals

20



and Fertilizers, Bombay, having an atom excess of 5% 136 g of

15N urea was dissolved 1n 500 ml to aet a concentration of 12 5

-l
mg uren Nt

To supply the basal doses ol nitrogen, 1e 25, 50 and 75
P4

- 15
kg N ha 1, 5 ml, 10 ml and 15 ml each of . or N urea soiutlons

were applied as per the treatnant

Phosphorus and potassium ere applied at tne rate of 45 kg

each per hectare in the form «r }\H2°04 and KCl t, all the pots

including the control pots

One week prior to panicle initiation '“C urea was top aressed
in pots which received 15N urea pasaly and 15N urea was top dressed
i1 pots which received MC urea basaly. N was top dressed at
the rate of 25, 50 and 75 kg N ha | by applying 5 mi, 10 ml and
15 ml each of MC or 75N urea solutions as per the treatment. After
120 davs of maturation, harvesting was done by cutting the stem
at 3 cm ahove the soil surface to avo.d o>y poscitle contamination
from sotl onr flood water The panicies ..re hervested first and
then the culms were harvest- indiv:idually, wa-tod the bottrm
with distilled water, wiped wi 1issue paper, kept 1ir paper bag
and dried 1n hat air oven at 70% The g cuns after detaching from

the rachis were dried separately for eact pot The rachillae were

dried along with the straw After dry.ng, the straw was cat into
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small pleces and later the dry welghts were taken eparately tor

grain and straw.

3 2.5 ]SN analysis

The toral nitrogen in sarples was detcrmined by Kjeldahl
digestion ard distillation The Uirated distillate was made ac.dic
with few drops of 0.05 N HCl and gvapora*zd to dryrces by leeping
1t 1n a hot aiwr oven at not more 1han 30°C ThHe residie was then
diluted with distilled water to get a concertration of 1 mg N ml—]
This was then filled 1n capillary tubes of length 1-2 cm. The
capiitlary tubes containing 5-11 F9 N were then o*en dried at 50°C

The 14N 15N ratio estimation was done using Emiss.or  Snectrometer

avallable at N R.L., IARI, New Delhi

3.2 b Radio assay of plant samples

The radioactivity of the plant <amples wa. merasured fellowing

internal standard method to . rect the obs.r e. ceontraies for

differential yuenching 1n the < *plos

The plant samples, botr qgrain ara siranv were powdered

ir a mixer-cum-grinder and suby samples of 5 2 g were .aken The

we.ghed samp.e was added n a liguid scintillation vial, containing
15 ml of dioxan based licuid scintillator and the ratio act.vity

was determined ~ithin 10 minutes, in the liquid scintiliation system.

Immechately ofter taking counts, 0 1 ml of the stock solution of
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known act.vity (10 n Cit mlq) was added and the counts were again
taken From this the counting efficie~cy was el ilated for each
sample and the dpm for each sample was worked out from the

corresponding efficlency values.

The liguid scintillator ue=-* i1n the studies consisted of 4 g PPO
0 2 g POPOP, b0 g naphthalene, 100 ml methanol and 20 ml ethylene
glyeol diluted to 1000 ml with <Ziexan. Tne radis activity was
determined 1n a mcrocomputer controlled liguid scintillation system

(Rachbeta 1215 of Wallac QY, Finland)

3 2 7 Computation of uptake paramc¢ters

a) Per cent N derived from fertilizer in plarts from noth basal
and top dressing [ % Ndff)

% atom excess in the plant . % atom excess 1n .he plant « 100
_ | from basal aoplication trom top arcess.mg

% atom excess 1n the fertilize~

15
b) % atom excess in whole plart «ceiving basal appl.cartien of N

15 ¢ . atom excess '~ |

gran s mg N 1n grar 1 100

%

]
straw x mg N 1n straw l o}
100 A L - 100 ¥
Total 1! uptiake

N atom excess in ~i

¢) % atom excess i1n whole plant receiving torn dressing of 15N

E,
% 1N atom excess 1n r% 15y atom excess nl
straw x mg N 1n straw + grain x mg N 1n gr‘ald x 100
100 100 2

Total N upiake
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d) % Nafs = 100 - % Noi¥f

e) Fertilizer N uptake = % Ndfr A1égtal N uptake

_ Fertil.zer N uptake « 100
Fertilizer N applied

f) % N recovery

g) Quantity of nitrogen taken up as molecular urea by grain or straw

_ Total dpm 1n the plant part X 0.46
" Specific activity of the fertilizer :

h) Quantity of nitrogen taken up as molecular urea by the plant

Quantity of nitrogen taken up as molecular urea Ly the
= grain + Quantity of nitrogen taken up as mclecualar urea

by the straw

1) Quantity of N taken up as molecular urea v the plant irom split

duses
total dpm for the grain total dpm for the siem
trom sp.1t dose x 0.46 from solit dose = 0.46
specific activity of the cpecific activaty of the

fertilizer fertilizer

1) % absorption of molecular urea nitrogen bv g ain, straw and by
the plant

Quantity of nitrogen absorbed as molecular urea % 100
Fertilizer N uptake

k) Absorption of nitrogen in forms other than molecular ured

= Fertilizer N upiake -~ quantity of nit.ogen abscrbed as moiecuar
urea



i) % absorption of nitrogen 1n forms other than molecular urea

[Fertilizer N uptake - quantity of nitrogen absorbed as]
molecular urea x 100

Fertilizer N uptake.

m) analysis of the data

To know the direct effect of the nitrogen levels, analysis
was done In 2 x 4 factorial C.R.D with 8 replications (2 levels of
moisture, 1e, flooded and non-flooded, and 4 levels of nitrogen),
disregarding the nature of labelling and method of application. To
study the effect of moisture regimes and levels of nitrogen on
different parameters like fertilizer N uptake, molecular urea N
absorption etc. the data of the two pots which receiwved the
alternately labelled urea were combined together and the total

uptake of MC labelled urea or 15N

labelled urea for a particular
tevel of nitrogen from top or basal dressing was calculated. The
data was analysed as a 2 x 3 factorial C.R.D with 4 replications.
To study the effect of the split doses of N applied (top and basal
dressings) the data were analysed as a 2x 3 x 2 factorial C.R.D. (2

moisture regimes x 3 levels of nitrogen x 2 methods of applicaticn)

with 4 replications.

3.3 Development of an 1sotope method for urease estimation

Laterite, kar:, kayal, kole and black cotton soils were
included 1n this study. To five gram portion of the soil sample
taken 1n a 100 ml conical flask was added 5 ml of 1AC labelled

urea solution, containing urea at the rate of 2 mg ml_‘l and having
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a specific activity of 102.08 cpm 1Z’C ug urea. The soil was
then 1ncubated for 5 h. The experiment was done with four
replication for each soit. After 5 h, the soil samples were shaken

with 50 ml of 2 M KCI-PMA solution for 60 min and the resulting
soil suspension was filtered through Whatman No.42 filter paper.
The extract was used to estimate urease activity by nonbuffer
method of Zantua and Bremner (1975) and by lLiguid scintillation

counting.

For ligquid scintillation counting, an aliquot of the extract
was taken In a liquid scintillation vial, containing 15ml of dioxan
based liquid scintillation and the radio activity was determined.
From the specific activity of MC urea solution 1nitially added,
and the count rates obtained for the KCI-PMA extract, the urea

hydrolysis rate was calculated.

To study the influence of varying periods of incubation on
hydrolysis of M'C labelled urea, kari and black cotton soils were
incubated with urea solution for 24, 48 and 72 h. The urea
hydrolysis was estimated by the non-buffer method of Zantua and

Bremner (19753) and by haquid scintillation counting.

3.4 Statistical analysis

The statistical analysis were done acecording the methods

suggested by Panse and Sukhatme (1985).
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RESULTS

The following experiments were conducted during the course

this 1nvestigation and the -esults of the same are presented

this chapter

Effect of so1l submergence on urea hyarolysis

Absorption of molecular urea and other forms of nitrogen by

flooded and non-flooded rice from split doses of nitrogen

Development of 1sotope method for urease estimation

4,1 Effect of soil submergence on urea hydrolysis

The experiment was aimed to find out the effect of submerg-

ence of soil for different i1ntervals on urease activity

In this ectudy soil was submerged fo~- 0, 5, 10, 20 and 30

days and al the end of each stbnergence period, 1ncubction with

urea was done for 5, 12, 24, 48 732, 120, 240 480 arc 720 h.

4

1 1 Urease activity under non-submergence and suoinergence for

5 h 1ncubation

The effect of 5 h 1incubation with urva under non-submergence

and submergence will be presented here (Table 2} as 5 h 1s the

standard 1incubation time 1n the non-buffer method of Zantua and

Bremner {1975)
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Table 2 Urease activity under nor-submergence and submergence
for 5 h 1incubation
* -1
So1l Urease activity ( g urea hydrolysed g  soil)
Non-sub- Submergence period (days)
mergence
J 5 10 20 30
{ aterite 1150 1120 111 824 805
Black cotton 1396 1272 1253 848 873
Kole 1216 1138 1122 843 820
Kayal 1365 1123 1104 880 773
Kart 861 840 g 777 675
* Amount of urea added rmitially '~ 2000 g c;_1 5011



Fig-1. Soil urease activity under submergence
and non-submergence for 5 h incubation
, with urea.
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4 1.1.1 Under non-submergence

Among the different soils studied, Black Cotton Soil registered
the highest activity (1396 ug urea g_] soll) ana the least activity
was recorded by the kari soil (861 ug urea 9"1 so1l). The urease

activity of other soils ranged from 1150 to 1365 ug urea 9_1 so1l.

4.,1.1.2 Under submergence

A steady decline 1n urease activity was noticed following

submergence of the soil. Though the declire 1n ureass activity

was olow upto a submergence period of 10 days, there was almost
a 30-40% drop in the activity following submergence periods of

20-30 days for all soils except '-r1 soil In Kari soil submergence

had not much effect on urease a.tivity and only a 10-20% decline

was noticed even for submergence periods of 20-30 days

4.1.1.3 Influence of submergence under gr~olonged incubation with

urea

The data are presented in Table 3. The decline 1n the urease
activity following submergence was less pronounced when the incubat-

1on with urea after the submergence was 1ncreased beyond 5 h.

Under non-submergence urea hydrolysis was completed within a

day :n the case of kayal soil and within two days 1n the case

of laterite and kole and within three davs in thco case of black

cotton so1l. However, with resp.ct ts kari woil, urea hydrclys:s




Table 3 1~fluence of soil submergence on urease activity under prolonged 1incubation with urea

Submiergence "Urea 1ydrolysed ( g g_1 so1l)

So1l pericd (days)
Incubation period (h}
5 12 24 48 72 120 240 480 720
0 1150 1280 1626 2000 2000 2000 2000 2000 2000
5 1120 1268 1384 1453 1813 2000 2000 2000 2000
Laterite 10 1111 1133 1440 1496 1720 2000 2000 2000 2000
20 824 1044 1280 1480 1701 2000 2000 2006 2000
30 805 917 1273 1346 1680 2000 2000 2000 2000
0 1396 1346 1495 1850 2000 2000 2000 2000 2000
5 1272 1328 1415 1567 1701 2000 2000 2000 2000
Black coticr 10 1253 1328 4 1553 1720 2000 2000 2000 200
20 848 1123 L3 1482 1684 2000 2000 2000 2000
30 873 110 216 1328 1795 2000 2000 2000 20C 0
0 1216 1481 1665 2000 2000 2000 2000 2000 2000
L3 1138 1313 1527 2000 2000 2000 2000 2000 2000
Kale 10 1122 1204 1720 2000 2000 2000 2000 2000 2000
20 843 085 1696 2000 2000 2000 2000 2000 2000
30 820 1412 1717 2000 2000 2000 2000 2000 2007
o 1365 1776 2000 2000 2000 2000 2000 2000 2000
5 1123 1301 1421 200G 2000 2000 2000 2000 2000
Kaya) 10 1104 129" 1494 2000 2000 2000 2000 2000 2000
20 880 97, 1356 2000 2000 2000 2000 2000 2000
30 973 1188 1253 2000 2000 2000 2000 2000 2000
0 861 936 1122 1206 1255 1290 1356 1683 1850
5 840 916 1100 1229 1260 1257 1309 1346 1355
Kar.. 10 818 500 1097 1197 1216 1232 1258 1328 1346
20 77 889 1035 1200 1210 1343 1393 14G8 1677
30 675 820 973 1281 1356 1384 1431 1496 1683

*Amount of urea added 1mitially 1< 2000 Jig g | soil

0&



rg.2. INfluence of submergence of laterite
soil on urea hydrolysis upon prolonged
incubation with urea

Ures remeaintag ( ug ureasq <oll)

1200 -

1000 ™~

800

600 -

400 -

200

Incubation period (h)

{ Submergence period ]
l ~&-G days -+ 10 days ~—+ 20 daya -©- 30 days i




1200

1000

aoo

800

400

200

Fo.3. Influence of submergence of black cotton
soil on urea hydrolysis upon prolonged
incubation with urea
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Fig.s. Influence of submergence of kole soil
on urea hydrolysis upon prolonged
incubation with urea
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Figs. Influence of submergence of kayal soil
on urea hydrolysis upon proionged
incubation with urea
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Fig.6. Influence of submergence of kari soil
on urea hydrolysis upon prolonged
incubation with urea
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was not completed even when 1ncubated tnr 30 days Suabmergence

had not much effect on urea hydrolysis when tine incubation with

urea was prolonged for more than 5-10 days Even when submerged

for as long as 30 days, urea hydrolysis was completed within 3

days in all the soils except Kari In Kar: soil, as already mentioned

urea hydrolysis was not completed under both non-submerged and

subm=rged conaitions even when 1ncubated with urea upto 30 days.

However, submeirgence had a slight reterding effect on urea

hydrolysis

4 1 2 Changes 1n Eh and pH of t-c different soils under submergence

A slight increase in pH was cbserved for all sails, except

black c¢otton soil following flooding In laterite, Kayal and Kole

the pH 1ncreased almost by a untt. In Kar: only a slight increase

in pH was obkserved. However, .n black, the pH decreasea from
79 to 74 The flooding also had a profound 1influence on the Eh

of the soil While a conslderable reduction :n the Eh of the laterite,

kayal and kole was observed, a similar reduction 1n the Eh of

Kary and Black soil was not observea Tolluwing flooding of the

soi1l for the different intervals. In the cace of the keri soil e.er

after a prolonged submergence for 20 days, there was only a slight

reduction 1n Eh {(from +485 to +%u5)



Table

% Changes i1n Eh and pH of soil following flooding

Flooding Soil type

period Laterite Karyr - Kayal Kole - Black ~
(n) Eh(mV) pH Eh(mV) pH Eh{mV) pH Eh(mV) pH Eh(mV) pH
0 +310 4.75 +485 2.45 +435 4.4 +400 4.6 +320 7.9

120 -60 6.3 +420 2.65 +10 5.4 +90 5.8 +150 7.5

240 -25 7 25 +340 2.90 -10 5.6 -30 5.95 +160 77

480 -50 €£.€ +360 2.70 +40 5.4 ~-80 5.9 +130 7.35

720 -35 6 3 +265 2 50 +10 5.4 -60 5.45 +100 7.40

£e




4.2 Absorption of molecular urea and other forms of mtregen by

flooded and non-flooded rice from split dnses or nitrogen

In this experiment, three leve:s of nit~ogen 1e., 50, 100

and 150 kg N ha_1 was applie1 to flecoded and non-flocoded rice
14

in the form of C and 15N labelliez urea

The nformation generated from this experimert 1s presented

in the following lines.

1) Influence of level of nitrogen and *moisture regimes on
yield, dry matter production and nitrogen content (dis-
regarding the source of nitrogen and method of application).

1) N recovery and forms of absorption of nitrogen as
influenced by moisture reo'mes and levels o1 nitrogen
using the alternately labelled urea (disregerding the split
method of application).

111) Influence of split appriwcation on the relative uvptake ol

forns of N (from basal =221 *op dressing).

4 2 1 Influence of levels of nitrogen and molsture regime= on

yleld, dry matter production and nitrogen content
The objective of this part of the study vas to know direct
effect of different levels of ntrogen on the different parameters

disregarding the source (nature of labelling) and the me,hod of

application (split) under flooded and non-flocded situations.

* Moisture regime refers to the flooded and non-flccded treatments
and is used in thls sense here afte~



In the original set of treatments there were thres levels
of nitrogen and two moisture -egimes (flooded and ron-flooded)
and each level of nitrogen was -pplied 1n itwo equal splits, n
the torm of 15N or MC labelled urea either as basar or as top

=
dressing While four pots recelved 1‘,+C basa) and L'N top, fou

other pots received 15N basal and MC tep tor each leve. of nitro-

gen If the nature of labelling 1s disregarded, each level of nitrogen

was applied to eight pots Hence to know the direct effect of

different levels of nitrogen, analysis was done 1n 2 x 4 factorial
C R.D with eight replications (2 levels of moisture and 4 levels

this set of experiment, in addiiion to the three

levels ot nitrogen data obtained from control pots {0 kg N ha_1)

of mtrogen). In

were also 1ncluded.

4 211 Yield of grain (g pot_])

Both moisture regimes (ficoued ana non-flooded s1tuations)
and level of nitrogen (Table 6) had a signiflcant 1ntluence on grain
yield The flooded rice recorded almost te.r times hrgher yleld
than the non-flooded rice. With respect *o the nritrogen levels,
150 kg N ha-1 registered the highest yleld which was on par with
that obtained at 100 kg N ha-1 Both these werc sigmificantly
superior  to the yield recorded at zero and 50 kg N ha—1

The 1interaction effect (Table 7) between moisture regimes and

levels of nitrogen was also found sigmificant The flooded rice




lable 6. Grain vield as infiuented by the mo:isture reqime and
level of nitrogen
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Treatment Grain vield (g pot™ ')
a
Flooded 5.68
Non-flooded 1. L‘b
SEmz 0.15
cD (0 05) 0 506
0 kg N ha” 1.34°
50 kg N ha”' 3.509
100 kg N ha” 3.85°
150 kg N ha 4 30°
SEm: 0 21
cD (0.05) 0 598

Table 7. Grain yield (g pot '} as 1influenced by the interaction
between moilsture reoirz and level of nitrogen

-1
Level of Nitrogen (rg N ha )

Moisture regime
0 50 00 150
Flooded 2.122 5.41° 7.86°  7.33°
Nen-flooded o 559 1.78% 1.80° 1.46°
S5Ems 0.30

cb (0.05) 0.846

Values followed by the same alphabet are not sigmficantly
different



responded better to the nitroger application than the non-fleoded
rice Under the non-floodea econcii.on wnile the S0 ~»g N ha @ was
found at par with 100 and 150 kg N ha ] under the flooded condic-

1on both the 100 and 150 kg N ha_1 were significant.y superior

to zero and 50 kg N ha !

4212 Yield of straw (g pot™ ")

The flooded rice recorded a sigmficantly higher straw yield
than the non-flooded rice (Table 8) Amorg the nitrogen levels,
100 kg N ha-l registered the highest yield which was significantly
superior to the yield recorded at other ‘'evals Interaction effect
(Table 9) was also found significant. While tne flooded rice
mtrogen, tit%e non-flooded

responded favourably to highc - alg cF

rice ~ecorded a decrease at 150 ~2 N ha™ !

4213 Total dry weight (g pot“1)

As 1n the case of grain and straw vyield, the flocoded rice
recorded a significantly higher dry matter production than the
non-flooded rice {Table 10). With respect to tne nitrogen levels,
100 g N ha*1 recorded the highest dry weight. Though this was
on par with the straw yield at 150 kg N ha_1, 1t was significantly
sunerior to that recorded at 0 and 50 kg N ha_'1 The 1nteraction

effecr was also observed to be sigmtice + (Taodle 17} whie the

dry weight of flooded rice - (easeu w.t™ 1rcrease '~ nitrogen
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by N levels and moisture regimes

Fig-7. Yield of grain and straw as influenced

Yield of grain/straw (g/pot)

NF-§

FL-S

G

RS

EZ rL-¢

]

10

150

100

50

N levels (kg/ha)

FL- flodded; G— grain yield
NF- non-flooded; S— straw yield




Table 8 Straw yield as
of nitrogen

influenced by molsture regime and level

Straw yield (g pot_q)

Treatment

a
Flooded 6 34
Non-flooded 5 25b
SEms+ 0 19
CD (0 05) 0.545
0 kg N ha 2.73¢
50 kg N ha ' 5 69°
100 kg N ha | 7 78°
150 kg N ha | 6 98
SEm=# 0 28
cb (0 05) 0 770

Table 8 Straw yield (g pot_T) as influericed by the interation
between moisture regime and level of nitrogen

Levels of nitrogen (kg N ha_1)

Molsture
0 50 100 150
o)
Flooded 3 307 6 03" 7.79° g 21°
Non-flooded 2.1 5 35° 7 7. 5 74€
SEms 0 29

CD (0.08) 1 085

Values followed by the sams ulphabet u—e not significantly

different
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Table 10 Total dry weignt as influenced by the moisture regime
and level of mitrogen

Treatment Total drv weight (g pot-1)
- |
Flooded 11 31
Non-flooded 6 67°
SEmz 0 ag
.0 (0.05) 108
0 kg N ha ! 4 07°
50 kg N ha ! g 209
100 kg N ha 11 62°
150 kg N ha | 11 37°
SEms 0 55
LD (0 05) 1 53

Table 11 Total dry weight (g pot-1) as influenced by the interact-

1on between moisture regime and level of nitrogen
._.1]

vel of nitrogen kg N h
Moisture regime Le v AR a

0 50 1G0 150
£ looded 5 458 i1 432 13 62°¢ 15 54°
Nan-tlooded 2 69 7 16° 9.61" 7 21°

SEmz

o 78
CD (0.05) 2,185

Values followed by the same alpnabet are not significantly
differ ent
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levels, a decrease 1n the dry matter yield cf non-fleoded rice

was nuticed at 150 kg N ha .

4 2 1 4 Nitrogen content in grain (%)

Though the moisture regimes had no sigrificant 1nfluence
on the nitrogen content 1n gra:7. the N levels had & significant
influence The highest per cent cf N was recorded at 100 kg N ha-1
whicn was significantly superic~ to that recorded ar other levels
of nitrogen (Table 12) The 1nteraction effect was also found .o
be significant Highest N content 1n g-a.,~ wag recorcved by the
non-flooded rice at 100 kg N ha"1 This was on par wilth that
recorded at 50 kg N ha_1 urder the same molsture regime and with

flooded rice supplied with 100 kg N ha ™ {Table 13).

4 2 15 Nitrogen content in straw (%)

The non-flooded rice recorded z significantly higher N content
in the straw, than the flooded rice Among tne nitrogen levels,
the highest N per cent was observed at 100 ky N ha_1 whicn wes
on par with that at 50 ana 1,0 g N ha_1 (Table 14) Interaclion
effect was also found to be =igmuficant The ron-*.ccded ~ice at
100 kg N haﬂ1 recorded the highest pe~ cent of nN. This was on
par with that at 50 and 150 kg N ha™' (1der the seme moisture

regimes and 100 kg N hal_'1 under flooded situation {Table 15).




Table 12. Nitrocgen content i1n grain as 1influenced tv the moisture
regime and level of nitruzen

Nitrogen content (%)

Treatment

Flooded 1.39

Non-flooded 1 52

SEmz 0 07

cD (0 05) NS

0 kg N ha™| o 83°
50 kg N ha | [.62°
100 kg N ha 1 1 97°
150 kg N ha | 1 38
SEm+ 0 09
CD (0.05) 0 195

Table 13 Nitrogen content

NS - Non=-significance

in grawn (%) a3z .fluenced by the 1inter-

action between moisture regime and lesel ot nitrogen

Molsture regime

Level of nitrogen (kg N ha—T)

N 50 720 150
- b . a8 AqC
Flooded 1 Us 1.41 i /7 1.21
Non-flooded 0.58° 1 549 2.08° 1.57°
SEm# g
cD (0 05) 0 276

Values followed
different

by the same alphabet are rot significantly



Table 14 Ni.rogen content 1n straw as infi.enced by the moisture
regime and level of r.trogen

Treatment Nitrogen content (%)
a
Flooded 1 12
Non-flooded 1 47b
SEmzx 0.08
Cch (0 0f%) 0.236
0 kg N ha ! 0 66°
50 kg N ha” 1,429
100 kg N ha™ 1 19
150 kg N ha™! 1 399
SEms 0.12
CcD (0 05) 0 333

Table 15 Nitrogen content wn z'~-. (%) as influenced oy the inter-
action between molst re regime and level or nitrogen

Moisture regime

h

Level of ~1t~ogen (Lg N ha

0 50 100 150
Flooded o 79% 0 95 1 55°C 1.163¢
Non-flooded 0.52° 1.87° 1 87° 1.62°
SEmz# 117
cD (0 05) O 472

values followed by
different

the same alphabet are not sig.ficantly



4.2.1.6 Nitrogen uptake by grain {mg pot-1)

The moisture regimes and nitrogen levels (Table 16), had
a significant influence on N uptake by grain. The flooded rice
recorded a significantly higher N uptake than the non-flooded rice.
The highest grawn uptake of N was recorded at 100 kg N ha_1
which was sigmficantlv superior to that observed at other levels
of nitrogen, Though the N uptake at 50 and 150 kg N ha™ " was

on par, they were signiaficantly superior to that at 0 kg N ha_1.

The 1interaction effect between moisture regimes and nitrogen
levels was also found to be significant (Table 17). The highest
N uptake was observed by flooded rice at 100 kg N ha"‘| which
was sigmificantly superior to that recorded at ali other levels,
under both the moisture regime- Tiie grain N uptake by the flooded
rice at 50 and 150 kg N ha ' trough on par wac signifrcantly
superior to the grain nitrogen uptake of non-floodeu rice at all

the levels of nitrogen.
4 2.1.7 Nitrogen uptake by straw (mg pot™ 1)

The moisture regimes had no significant wnfluence on the
N uptake by straw (Table 18). Among the N level also, 100 kg

N ha_1 recorded the highest uptake. The 1inter~c 10n effect was

not founa significant.




44

Table 16. Nitrogen uptake by ar«n as influenced by the moisture
regime and level of nitrogen

_1)

Treatment Niwrogen uptake (mg pot
a
Flooded 79.90
Non-flooded 24.29b
SEmzx 3.57
cD (0.05) 9.91
0 kg N ha™ 12 416
50 kg N ha ' 54,67
100 kg N ha | 85.54°
150 kg N ha ! 55.77¢
SEms 5.06
cD (0.05) 14.02

Table 17. Nitrogen uptake by grain (mg pot‘l) as influenced by
by the interaction between moisture regime and level

or nitrogen

Moisture regime

Level of nitrogen (kg N ha!

)

0 50 100 150

Flooded 21 6298 76.02P 132.57°  88.50°

Non-flooded 3.19% 32.42°9 38.50°  23.50°
SEmz 7.15

CD (0.05) 19.82

Values followed by the sam= alphabet are not significantly

different



Table 18 Nitrogen uptake by straw as influenced by the molsture
regime and level of niirogen

Treatment Nitrogen uptake {mg pot_])
Flooded 73 92
Nhon-flooded B7 46
SEmz b 39
CD (0 05) NS

0 kg N ha’ I8 G&%
50 kg N ha | 79 20°
100 kg N ha” 13¢ 86°
150 kg N ha 94 01°
SEmz o 05
CD (0 05) 25 (08

<N

NS - Non-significance

Values followed by the same alphabet are rotv s.ynficantly
different



Table 19. Nitrogen uptake by plant as influenced by the moisture
regime and level of nitrogen

Treatment Nitrogen upteke (mg pot-1)
Flooded 153 48°
Non-flooded 111 52b
SEm#+ 8.15
CcD (0.05) 22.59
0 kg N ha ™! 30.31°
50 kg N ha”! 133.88"
100 kg N ha™’ 216.03°
150 kg N ha™’ 149.789
SEmz 11,52
CcD (0.05) 31.93

values followed by the same alphabet are not significantly different
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4 2,1.8 Total N uptake by the p'ant {mg pot_1)

The moisture regimes head 2 significant 1influence on total
N uptake, the flooded rice recorded a much higher yield than the
non—floi)ded rice (Table 19). Among tne N levels 100 kg N ha-1
recorded the highest total uptake which was significantly superior

to that observed at other levels of nitrogeri. The 1interaction effect

was not found sigmficant.

4 2 2 Nitroger recovery and forms of absorption of nitrogen as
influenced by moisture regimes, levels of nitrogen and the

split method of application, using the alternately labelled

urea

This part of the study 1includes two sections. In the first
seci1on, the influence of moisture regimes and levels of nitrogan
on % Ndff, % Ndfs, N recovery =~Z uptake to molecular urea were
studied using the alternately labsiled urea, disregarcing the effect
of split application. In the second seclior tne 1influence of the
*timing of N application (split method of apglication) on the relative

uptake of forms of nitrogen was studied.

In the original set of treatments each level of N was
applied in two equal splits, when the first split was applied basally
as MC labelled urea, the second split was applied as top dress

as 15N labelled urea to the same pot The same level of nitrogen

* This 1s also referred to as methoo of aoolication in some parts

of this dissertation.
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was also applied as 15N labelled urea basally and 14C labelled

urea as top dress

To study the effect of moisture regimes and level of nitrogen
on different parameters, the data of the two pots which received
the alternately labelled urea were combined together and the total
uptake of 14(: labelled urea or 15N labelled urea for a particular
level of nitrogen from top and basal dressing was calculated. Thus
there were 6 treatments (2 moistire regime and 3 levels of nitrogen}

and 1t was analysed in 2 x 3 factorial C.R.D. with 4 reblications.
4 2 2 1 Percentage Ndff and percentage Ndfs

Disregarding the split method of application, the influence
of moisture regimes and levels of nitrogen on % Ndff and % Ndfs

was studied

The moisture regimes had no significant influence on % Ndff
or % Ndfs (Table 20, 21). The % Ndff increased with 1ncreasing
levels of nitrogen application. A reverse trend was observed 1n

the case of % Ndfs. The interaction effect was not found significant.

4,2.2.2 Fertilizer N uptake {mg pot_1)

4 2.2.2 1 Effect of moisture reyimes and levels of nitrogen

Flooded rice recorded a significantly higher N uptake than

the non-flooded rice (Table 22) Among the N levels, higher fertilizer



Table 20. Ndff(%) as influenced by moisture regime and level of

49

nitrogen

Treatment Ndff (%)
Flooded 43,43
Non-flooded 42 93
SEmzt 0 83
cd (0.05) NS
50kg N ha | 33.10%
100 kg N ha™ ! 44 69°
150 kg N ha ! 51 73°
SEmsz 1 14
CD (0 05) 2.775

NS - Non-significance

Values followed by the same alphabet are not significantly different



Table 21. Ndfs (%) as influenced by moisture regime and level of

30

nrt~ogen
Treatment Ndfs (%)
Flooded 56.57
Non-flooded 57.07
SEmsz 0.93
cD {0.05) NS
50 kg N ha ' 06 89°
100 kg N ha~ 55.30°
150 kg N ha | 48.26°
SEm 1.14
cDh (0.05) 2.775

- NS - Non-significance

Values followed by the same alphabet are not sigmificantly different




Table 22 Fertilizer N uptake as influenced by molsture regime
and level! of nitrogen

Treatment Fertilizer N uptake {(mg pot'_1)
d
Flooded 82.45
Non-flooded 61 '79b
SEm: 5 51
CD (0.05) 16.37
50 kg N ha ! 41.38°
100 kg N ha™" 08.58°
150 kg N ha ' 76 42°
SEmz 6.74
co (0.05) 20.05

Values followed by the same alphabet are not significantly different



Fig-8.Fertiliser N uptake by rice as
influenced by moisture regime level of
nitrogen and method of application

0 Fertillser N uptake (mg/pot)

EZrL-8 [IFL-T ENF-T

80

s 100
N level (kg/ha)

FL-flooded; NF-non-tflooded;
T- half top dress;B- half basal dress




N uptake was noticed at 100 kg N ha™! followed by that at 150

kg N ha“1 and 50 kg N ha-1. The 1interaction affect was found non-

si1gnificant.
4 2 2.2.2 Effect of split application

It was observed that fertilizer nitrogen uptake from the
top dressing was significantly higher than that from the basal
dressing. However, 1ts 1interaction with moisture regime was not
found significant (Table 23). However, 1t was found that though
non-significant, the fertilizer nitrogen uptake by the flooded rice

from the basal dressing was higher than that by the non-flooded

rice from top dressing.

The 1nteraction effect between method ot application and
nitrogen levels was also not significant (Table 24). However, the
highest fertilizer nitrogen uptake was noticed at 100 kg N ha_1
when top dressed and the Teast uptake was noticed from the

basally applied N at the rate of 50 kg ha™ ",

The three way interaction effect among the moisture regimes,
levels of mtrogen and methods of application was also found non-
significant (Table 25). The highest uptake though non-significant

was recorded by the flooded rice at 100 kg N ha ! applied as

top dressing.
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Table 23. Fertilizer N uptake as influenced by the interaction
between moisture regime and level of nitrogen

Fertilizer N uptake (mg pot_1)

Moisture regime
-

Half basal 'SN Half top.dress 15N
Flooded 34.08 48.33
Non-flooded 28.34 33.44
Mean 31.21° 40.88°
Method of application SEmz 2 47 CD (0 05) 6.85
Moisture regime x SEm+ 3 49 CD (0 05) NS

method of application

Table 24 Fertilizer N uptake -s influenced by the 1interaction
between level of niv isgen and method of application

Level of nitrogen Fertilizer N uptake (mg pot-1)
(kg N ha™) 15 15
Half basal N Half top-dress N
50 20.07 21.32
100 38.55 60.18
150 35.22 47 14
Mean 31.212 40.88°
Method of application SEm+ 2.47 CD (0.05) 6 85
Level of nitrogen x SEmz 4,28 CD f0.05) NS

Method of application

NS - Non-signt“icance

Values followed by the same alpb-bet are rot sign:ficantly different



Table 25. Fertilizer N uptake as influenced by the 1interaction between moisture regime, level
of nitrogen and method of application

-1
Level of nitrogen Fertilizer N uptake (mg pot )

{kg N ha_1) Flooded Non-flooded
15 15 15 15
Half basal N Half top-dress N Half basal N Half top-dress N
50 17.84 22 79 22.29 19.85
100 42.84 0 74 33 87 43,65
150 41.57 1 46 28.87 30 82
SEm# 6.05 cnh (0 03) NS

NS - Non-sign :1cance

76
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4 2 2 3 Nitrogen recovery (%)

4 2.2 3.1 Effect of moisture regimes and levels of nitrogen

The flocoded rice recorded a siguficantly higher recovery
of N than the non-flooded rice (Table 26). The different N levels
also had a significant influence »~n the recovery of N The highest
recovery of N observed at 100 kg ha—_1 thougk was on par with
50 kg N ha—1 was significantly superior to that recorded at 150

kg N ha—1 Interaction between moisture regimes and levels of

nitrogen was not found significant.
4 2.2.3 2 Effect of split application

It was observed that the method of application had a signi-
ficant 1influence on the % recovery. The top dressing recorded a
significantly higher % recovery than the basal applicauon. The
interaction between method of applicaiion and moisture regimes was
not significant (Table 27). Though non-significant, the top dressed
flooded rice recorded a higher ¢ recovery (40%) than the basally

applied flooded rice (28%)

The 1nteraction between methoa of application and levels
of nitrogen was also not significant (lable 28). However, 100 kg
N ha ! when top dressed recorded the highest % recovery of 48%.
The 1interaction between method of application, level of nitrogen

and moisture regimes was also not significant (Table 29).

[S4]



Table 26 Nitrogen recovery as nliuerced by the moisture regime
and level of nitroge

96

Treatment Nitrogen recovery (%)
Flooded 34, 26°
Non-flooded 27 68°
SEmz 2 06
CD (0 05) 6 15
50 kg N ha ' 33 119
100 kg N ha ' 39 429
150 kg N ha™ 20.38°
SEmz# 2.53
cD (0.05) 7.53

Values followed by the same alprbet are not signiricantlv differen.
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Table 27. Nitrogen recovery (%) as influenced by the 1interaction
between moisture regime and method of apnlication

Moisture regime

Nitrogen recovery (%)

Half basal 15[\1 Haif top .dress 15N
Flooded 28.33 40.18
Non-flooded 26 v 29.30
Mean 27 197 34.74°
Method of application SEm= 2.10 CD (0 035) 5.82
SEmz# 2.96 CcD (0.05) NS

Molsture regime x
Method of application

Table 28. Nitrogen recovery (%) as influenced by the interaction
between level of nitrogen and methoa of application

Level of nitrogen
1

Nitrogen recovery (%)

(kg N ha ') 15
Half basal N Half top-dress N
50 32.11 34.11
100 30.69 48.15
150 18.74 21.98
Mean Pl 34.74°
Method of application SEm= 2.10 CD (£.05) 5.82
SEmzt 3.63 CD {0.05) NS

Level of nitrogen x
Method of application

NS - Non-sigmificance

Values followed by the same alphabet are not significantly different



Table 29. Nitrogen recovery as influenced by the interaction between moisture regime, level of
nitrogen and method of application

Nitrogen recovery (%)
Level of nitrogen
(kg N ha_1) Flooded Non-flooded
Half basal 15N Half top-dress 15N Half basal 15N Half top.dress 15N

50 28.55 36.45 35.66 31.76
100 34.77 56.59 27.10 32.70
150 22.17 27.51 15.40 16.44

SEm# 5.14 CD (0.05) NE

NS - Non-significance
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4,2.2.4 Molecular absorption of urea N ( ug pot-1)

4,2,2 4 1 Effect of moisture regimes and levels of nitrugen

It was observed that there was many fold increase 1n the
uptake of N as molecular urea by the flooded rice, compared to
non-flooded rice (Table 30}. Among the different levels of nitrogen,
the molecular absorption of wurea 1ncreased significantly with
increase 1n levels of nitrogen. The 1nteraction effect (Table 31)
between mol;ture regimes and levels of nitrogen was also significant.
While there was a steady and sigrificant increase 1n molecular

absorption with increase 1n the levels of nitrogeir by the flooded

rice, the different levels of nitrogen had -~o such effect on non-

floocdled rice.

4,2.2.4.2 Effect of split applicarion

The method of application had a sigmficant influence on
the absorption of nitrogen as molecular (Table 32). Molecular absor-
ption from the top dressed urea was found significantly higher
than that from the basal dressed urea. Its interaction with moisture
regimes was also found significant (Table 32). The highest

molecular urea nitrogen uptake (368 F9 pot-r) was recorded by

the top dressed flooded rice and the least was exhipited by the

basal dressed non-flooded rice (5 Mo pot_1).



Table 30. Absorption or molecular urea M as influenced by the
moisture regime and .evel of nitrogen

60

Treatment Molecu.ar urea N ( py pot—1)
Flooded 581,60°

Non~flooded 13.51°

SEm=+ 14,40

CD (0.050 42.79

50 kg N ha | 122,39

100 kg N ha ' 223.359

150 kg N ha™ 446,92°

SCmz 17.64

cH (0.05) 52 41

Table 31. Absorption of molecul.s urea N [ g pot—i‘ as nfluenced
by the interaction between mo:sture regime and level

of nmitrogen

1

Level of nitrogen (kg N ha ')

Molsture regimsa
50 100 15C
Flooded 233.682 633.18° 877.94¢
Non~flooded 11. 10d 13 .52d 15.90d
SEm#* 24.94 CD (0 05} 74 12

Values followed by the same alphabe* are not sign ticantly d.fferent



lable 32. Absorption of molecular urea N as influenced by the

interaction between
of application

molsture

regime and method

Molecular urea N { pig pot™1)

Moisture regime

Half basal 1"'}C

Half top-dress 1['C

Flooded 213.97° 368.46°
Non-flooded 4.60° 8.91°

d e
Mean 109.29 188.69
Method of application SEms= 7.Q4 CD (0.05) 22.0
Molsture regime x SEmz 11.23 CD (0.05) 31.12

Method of application

Table 33. Absorption of molec.lar urea N as influenced by the
interaction between tevel of nitrogen and method of

application

Level of nitrogen

Molecular urea N { ug pot™ )

-1
(kg N ha ')
9 Half basal MC

Half top-dress MLC

50 54.80°% 57 592

100 122.66° 200.68°

150 150.39° 297.789

Mean 109 29° 188.69
Method of application SEmz 7.94 CcD (0.05) 22.0
SEmz 13.75  CD {0.05) 38 12

Level of nitregen x
Method of application

Values followed by the same alphabet are net significantly different



Table 34 Absorption of molecular urea N ( pg pot_1) as 1nfluenced by the 1interaction between
moisture regime, level of nitrogen and method of application

Molecular urea N ( ug potq)

Level of nitrogen

-1 Flooded Non-flooded
(kg N ha ')
14 14 14 14
Half basal c Half top-dress C Half basal c Half top-dress c
a a f f
50 104.81 128.87 4.79 6.31
100 239.71° 393.47° 5.62° 7 90'
150 297.409 583.04° 3.38" 12.52"
SEma= 19.44 co (0.05) %3.90

values followed by the same alphabet are not significantly different

¢9



The 1nteraction effect between the methods of application
and the levels of nitrogen was also found significant (Table 33).
The highest molecular urea N uptake was observed at 150 kg N
ha-1, when applied as a top dressing This was significantly higher
than that recorded at all other treatments. The second highest
uptake was noticed at 100 g N ha_T, applied as top dressing. At
50 kg N ha_1, the split application did not show any significant

influence on the molecular urea N absorption.

The combined effect of method of application, moisture regimes
and levels of nitrogen was also found significant (Table 34). The
highest uptake of molecular urea N was recorded by the flooded
rice top dressed with 150 kg N ha—1. Though both at 150 and 100
kg N ha"1 flooded rice registered a significantly higher molecular
urea nitrogen uptake from the top dressing, no such significant
influence was observed at 50 kg N ha~ ! oQuite unlike the flooded
situation, the non-flooded rice did not show any significant difference
for the different levels of nitrogen with respect to urea nitrogen
uptake
4 2 2 5 Percentage absorption of molecular urea N

4 2.2.5 1 Effect of moisture regimes and levels of mitrogen

It was observed that the flooded rice absorbed a signifi-

cantly higher % N as molecular urea than the non-flooded rice

(Table 35). Among the different levels of nitrogen, the highest



Table 35 Percentage absorption of molecular urea N as influenced
by the moisture regime and level of nitrogen

Molecular urea N (%)

Treatment

Flooded o 73°
Non-flooded 0.02b
SEms 0.03
cD {0.05) 0.114
50 kg N ha ™ 0.32°
100 kg N ha | 0 20°
150 kg N ha~ ! 0.529
SEmz 0.04
CcD (0.05) 0.14

Table 36.

Percentage absorption of moleculat

urea N as 1influenced

by the interaction between mo.sture regime and level

of nitrogen

1

Moisture regime Level of nitrogen (kg N ha ')
50 10 150
Flooded 0.622 0.56° 1.00°
Non-flooded 0.03° 0.02° 0.03°
SEm: 0.06 CD (0.05) 0.198

Values followed by

the same alphabet are not significantly different




% absorption of molecular urea N was noticed with 150 kg N ha"1

followed by 50 kg N ha"1, which was on par wlth that at 100
kg N ha_i. The 1interaction effect (Table 36} of levels of nitrogen
with flooded and non-flooded systems was also significant. Flooded
rice with 150 kg N ha_.l recorded the highest % absorption of mole-
cular urea N, The percentage ab:corption of molecular urea by the
flooded rice at 50 and 100 kg N ha—.1 were at par. With 1ncrease

in levels of nitrogen, there was no sigmificant influence on % absorp-

tlon of molecular urea N by non-flooded rice.

L]

4.,2.2.5.2 Effect of split application

It was observed that the % absorption of molecular urea
N from the top dressing of 14C urea was 3significartly higher than
that from basal dressing. It's interaction with moisture regimes
was also found significant (Table 37}. The highest % uptake was

noticed by the top dressed flooded rice ana the lease by basally

dressed non-flooded rice.

The 1nteraction between tre method of application and the
levels of nitrogen was also found significant (Tabie 38) The highest
% molecular urea absorption was registerea at 150 kg N ha~ y when
applied as a top dressing This was signiticantly nigher than that
recorded at all other treatments. The % uptake registered at

basally applied 150 kg N ha-1 was found comparable with that
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Table 37. Percentage absorption «f molecular urea N as influenced
by the 1interactien between moistuire regime and

method of application

Molecular urea N (%)

Moisture regime
14 14
Half basal o Half top dress C
a b
Flooded 0 45 1.09
Non-flooded 0.02° 0.04°
0.259 0.56°
Method of application SEmz 0.04 CD (0.05) 0.111
SEm# 0.05 CD (0.05) 0.157

Moisture regime x
Method of application

Table 38. Percentage of absorption of molecular urea N as
influenced by the interaction between level of

nitrogen and meibhod of application

Level of nitrogen Moierular urea N (%)

-1
(kg N ha ') Half basal '*C Half top dress '°C
50 0.28° 0.39°¢
100 0 18% 0.51°
150 0 30%¢ o 77¢
0.25° 0.56
Method of application SEmz 0 04 CcD (0 05) 0.114
Level of nitrogen x SEms 0.06 CD (0.05) 0.183

Method of application

Values followed by the same alphabet are not significantly different



Table 39. Percentage absorption of molecular urea N as influenced by the interaction between
moisture regime, level of nitrogen and method of application

Molecular urea nitrogen (%)
Level of nitrogen

(kg N ha 1) Flooded Non-flooded
Half basal 1I‘C Half top dress 14C Half basal MC Half top dress 1I‘C
50 0.53 0.75 0.03 0.03
100 0.34 oG 0.09 0.03
150 0.60 1.52 0.01 0 05
SEmx+ 0 09 CD (0.05) NS

L9
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recorded at 50 kg N ha_1 as top dressing The 3 way interaction

was found non-signifcant (Table 39).

4.2 2.6 Absorption of N i1n forms other than molecular urea(mg pot_l)

4.2 2,6.1 Effect of moisture regimes and levels of mitrogen

The flooded situation recorded a higher absorption of N
in forms other than molecular urea (Table 40). Among the different
N levels, 100 kg N ha_1 recorded the highest. Jt was observed
that there was a significant decrease in the absorption of nitrogen
in forms other than molecular ure: as the level of N was 1increased
1

to 150 kg ha ' from 100 kg l-u-1. The 1interaction effect was not

significant.

4 226 2 Effect of split application

It was observed that absorption of nitrogen in forms other
than molecular urea from the basal application was signifrcantly
higher than that from the top dressing (Table 41). However, 1ts
interaction with molsture regimes was not significant (Table 41),
Though non-significant, the basaly dressed flooded rice registered

the highest absorption of N in forms other than molecular urea.

The 1nteraction between method of application and nitrogen

tevels was also not significant (lable 42). The highest uptake 1n
forms other than molecular urs: was registered at 100 kg N ha_1

[=Fa)

-1
whan basal dressed Though non significant, at 15 kg N ha
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Table 40. Absorption of N in forms other than molecular urea as
influenced by the molsture regime and level of nitrogen

Treatment N in forms other thar 1molecu1ar urea
(mg pot ')
a
Flooded 81.87
Non-flooded 61 .77b
SEmz 5.50
CD {0.05) 11.34
50 kg N ha| 41.26°
100 kg N ha ' 08.23¢
150 kg N ha | 75.96°
SEmz 6.74
cD (0 05) 20.02

Values tollowed by the same alphabet are not significantly different
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Table 41 Absorption of N i1n forms other than molecular urea, as
influenced by the 1nteraction between moisture regime

and method of application

Moisture regime

Nitrogen in forms othe~ than molecular urea N
-1
(mg pot ')

Half basal '‘C Half top dress ''C
Flooded 48.15 38.71
Non-flooded 33.44 28.34
40.80" 31.02°

Mean

Method of application

Moisture regime X
Method of application

Table 42. Absorption of N 1n forms other

SEmt 2.47
SEms 3.49

NS - Non-significance

CD (0.05;  6.85
co (0 05) NS

thar molecular urea,

as influenced by the interaction between level of nitrogen
and method of application

l.evel of nitrogen
1

Nitrogen in forms other tha? molecular urea N
(mg pot ')

(kg N ha ) Half basal ML Half top dress 14C
50 21.26 20.00
100 60.07 38.16
150 41.L5 34.92
Mean 40.80° 31.02°
Method of application SEm+ 2 47 CD (0.05) 6.85
Level of nitrogen x SEms 4 28 cD (0.05) NS

Method of application

NS - Non~significance

Values followed by the same alphabet are not significantly different



Table 43. Absorption of nitrogen i1n forms other than molecular urea as influenced by the

interaction between moisture regime,

level of nitrogen and method of application

Level of nitrogen

(kg N ha ™!

Nitrogen 1n forms other than molecular urea N (mg pot-1)

) Flooded Non-flooded
Half basal '*C  Half top dress '‘C Half basal '*C  Half top dress '
50 22.68 17 71 19.55 22.29
100 70.50 4245 49.65 33.86
150 51.29 40 99 30.82 28.86
SEms 6 05 cD (0.05) NS
NS

Non-significance



the absorption of N in forms other than molecular urea wes compara-
tively lesser than that at 100 kg N ha"1 Jnder both the methods
of application. The three way -‘nteraction effect among the moisture

regimes, levels of nitrogen ara mnethods of application was also

found non-significant (Table 43).

42,27 Percentage absorption of N 1in forms other than molecular
urea

4,2 2 7 1 Effect of moisture regimes and levels of nitrogen

The % absorption of N absorbed in forms other than molecular
urea was sigmficantly higher 1n non-flooded situation (Table 44].
Among the N levels, 50 kg N ha_1 recorded the Frighest absorption,
which was on par with that recordeo at 100 kg N ha-1. The 1inter-
action was also significant (Table 45), Ir the flooded situation,
the % absorption at 100 kg N 'aq was on par with that at 50
kg and the least % absorptior ~ - noticed at 150 kg N ha_1. Under

the non-flooded situation there vas no significant difference among

the N levels

4.2 2.7.2 Effect of split application

The method of application had a sigmficant influence on
the % absorption of N 1n forms other than molecular urea (le.,
NHZ and NO:; forms) (Table 46) The ba<al application registered

the highest % absorption in other forms. The 1interaction of moisture

regimes and method of application (Table 46) was found sigmficant.
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Table 44 Percentage absorption o N 1n forms other than molecular
urea as 1influenced ty the moisture regime and level
of nitrogen

Treatment Ni.rogen i1n forms other than molecular
urea (%)
Flooded 99,272
Non-flooded 99.92b
SEms 0 04
CD (0 05) 0.137
50 kg N ha™ ' 99.68°
100 kg N ha™ 99.67°
150 kg N ha ' 99.45°
SEm+ 0.05
CD (0.05) 0.168

Teble 45. Percentage absorption of M 1n forms other than molecular
urea as influenced by the 1interaction between moisture

regime and level of nitrogen

Moisture regime Nitrogen in forms other than molecular urea (%)

50 700 150
Flooded _ 99.38% 99.43% 99.00°
Non-Tlooded 99.97°¢ 99.91°¢ 99.85°
SEm:  0.08 CO (0 05) 0 162

Values followed by the same alphabet are not significantly different



Table 46 Percentage absorption of N in torms other than molecular
urea as iinfluenced by the 1nteraction between moisture

regime and method of application

Nitrogen in forms other than molecular urea (%)

Moisture regime

Half basal ‘“C Half top dress '°C
Flooded 99.50° 98.91°
Non-rlooded 99.08° 99.96°
Mean 99 759 99,44°
Method of application SEmzt 0.04 CD {0.05) 0111
Molisture regime x SEmz 0.05 CcD (0.0%) 0.15

Method of application

Table 47. Percentage absorption of N 1n forms other than molecular
urea as 1influenced by the _.nteraction between level

of mitrogen and method of application

Level of nitrogen Nitrogen in forms othe~ than molecular urea (%)

-1
(kg N ha ') Half basal @*C Half top dress ''C
50 99.72%P 99.613¢
100 99 82P 99 49°
150 99,702 99.219
Mean 99.75 899,44
Method of application SEms= 0 04 CD (0.05) 0.1M11
Level of nitrogen x SEmz 0.06 CD (0.05) 0,193

Method of application

Values followed by the same alphabet are not significantly differenc



Table 48. Percentage absorption of N 1n forms other than molecular urea as influenced by the inter-

action between moisture regime, level of nitrogen and method of application

Level of nitrogen

Nitrogen 1n forms other than molecular urea

NS - Non-sigmficance

(kg N ha ") Flooded Non-flooded
14 14 14 14
Half basal C Half top dress o Half basal c Half top dress C
50 99.46 99 25 99.97 99 Y7
120 99.66 99.01 99 99 99.97
150 99.40 98.48 99.99 99.95
SEmz% 0.09 CD (0.05) NS

Gl
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The highest % absorption was noticed by the basaly applied non-
flooded rice and 1t was at par with that observed at the top-dressed
non-flooded situation. The 1interaction effect of method of
application and level of mitrogen was also found s.gnificant (Table
47) The least % absorption of nitroger 1n other forms was recorded
at 150 kg N ha"1 when top-dres=2d. The highest % uotake 1n other
forms was noticed at basaly apclied 100 kg N ha"1 and it was
found on par with that recordea at all other N l2'els under the

same method of application The three way 1nteraction was not

significant (Table 48)

4.3 Development of isotope method of urease estimation

The 1sotope method reported for urease activity determinat-
ion 1nvolves estimatign of 14CO2 evolved during the hydrolysis
of MC labelled urea. In one of the earlier st.dies cohducted in
this lab, thi= method failed to give comparable u.rease activity
due to the poor tapping of MCOZ Hence 1t was decided to

estimate the urease activity trec . the residua: MC labelled urea

remaining after hydrolysis wifin this objective, a comparison of
this method with the standard non-buffer methoa was made using
six solls. The results of the same are presented i+ the Table 49.
It was observed that while the urease activity by the non-buffer
method ranged from 800-1200 M9 urea g"1 of soil for all the soils,

the urease activity by 1sotope method ranged from 200-400 M9 urea gh‘I
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Table 49. Urea hydrolysis as estimated by 1sotope method and non-
buffer method following 5 h 1incubation

So1l _ Replication Urea hydrolysed { xg g | soil)
Isotope Mean Non-buffer Mean
method method

1 0 903
2 o 863
Laterite 3 0 C 900 880.25
4 855
1 221 955
2 211 955
Kole 3 244 231.5 973 961.25
4 250 962
——
1 226 1046
2 362 1046
Kari 3 277 265.75 1083 1049.75
4 258 1024
1 454 1193
2 431 1230
Kayal 3 416 432 25 1193 1201.00
4 428 1188
1 189 1266
2 ir? 1248
Karappadam 3 257 182.5 1230 1240.00
4 182 1216
1 290 1193
2 216 1101
Black cotton 3 203 266.75 1156 1143.50
4 268 1124




Table 50. Urea hydrolysis as estimated bv 1i1sotope method and non-buffer method following prolonged
incubation witnh Il‘C ur ea

Urea hvdrolysis ( ug urea hydrolysed g"1 so1l)
Incubation Replication
(h) Kari Black so1il
Isotope Mean Non-buffer Mean Isotope Mean Non-buffer Mean
method method
1 346 772 741 1120
24 2 396 374 790 777 708 722 1120 1118
3 388 778 726 134
4 36. 768 714 109%
1 392 308 1111 1486
48 2 390 360 808 808 1052 1060 1450 1445
3 339 812 104% 1423
4 320 305 1028 1420
1 496 226 1610 1780
72 2 11 46 826 830 1556 4608 1781 1773
3 470 840 1670 1796
4 468 829 1596 1756
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of soil for different soils. In fne laterite soil the :1sotope method

failed to register any urease actis ty.

It was then decided to prolong the i1incubation of soil with
labelled urea to get a complete hydrolysis of urea, using the solils
Kari and Black The data are presented 1n Table 50. Still the urea
hydrolysis as evidenced by the 1sotope method was wmuch lower

than that registered by the non-buffer method.
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DISCUSSION

5.1 Effect of soil submergence on urea hydrolysis

In this experiment, the effect of scil submergence for
different 1intervals on soil urease activity was studied. The so1l
was submerged for 0, 5, 10, 20 ana 30 days ana at the end of
each submergence period, 1ncubation with urea was done for 35,

12, 24, 48, 72, 120, 240, 480 and 720 h,

Under non-submergence and for 5 h 1ncubation though the
black cotton soil registered *the highest ureask activity. 1t did
not differ much from the urease activity exh.bitea by laterite,
kole and kayal soils (Table 2 and Fig. 1). The kari soil recorded
the least urease activity. This probably was due to the fact that
the kari so.l was strongly acidic (pH 2.5) and acidity 1s known
to inhibit urea hydrolysis (Bremner and Mulvaney, 1978). When
the soil was submerged a decline in the urease activity was noticed
in all soils. Though the decline 1n urease activity was slow upto
a submergence period of 10 days, there was almost a 30-40% drop
in activaty, following submergence period of 20-30 days in all soils
except kari soil (Fig 1). The 1immediate consequence of so1l
submergence 1s the rapid depl.tion of oxygen, and a reduction 1n
the Eh which inturn affects the t~-ase activity According to Pulford

ana Tabatabar (1988} a strong .orrelation exists besween Eh and
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urease actlvity and urease activity was decreased following the
decrease in Eh. In the present study, upon submergence of the
socil there was a decline 1n the Eh 1n ali soils except kari (Table
4)., This could be the reason for the negligible decrease in urease
activity of kari1 soil upon flooding for as long as 30 days.
However, when the submerged soi's were incubated with urea for
periods longer than 5 hours, cuinpiete hydrolysis was noticed within
a period of 2-3 days 1n the cese of all soils except kari (Table
3 and F1g 2 to 6) This means that the -~ecline in urease activity
following flooding 1s noticed only imtially and has no longstanding
effect. In most of the 1investigations conducted to study the effect
of soil submergence, soil urease activity was measured fora 5 h
incubation period. From our study 1t was evident that though the
decline in urease activity was there for 5 h 1ncubation period,
on prolonged 1ncubation no such decline was observed. Several
workers have also reported that tns moisture regime do not have
19691

much 1nfluence on so1l urease activity (Skunns ard Mc Laren,

Delaune and Patrick, 1970; Gould et al., 1873},

5.2 Influence of moisture reqiwzc and levels of nitrogen on yield

dry matter production and nitrogen content

In this section the direct effect of ritroger and melsture
levels regardless of the source and method of application 1s

discussed. It was observed that the yield of grain and straw,
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total dry welght, N uptake by grain ana the total N uptake by
the plant were significantly higrer in flooded rice than 1in non-
flooded rice (Table 6, 8, 10, 16, 19 and Fig. 7). This favourable
effect of flooding may be due to the Iincreased solubilization and
availability of nutrients particularly P, K, Ca, S1 and Fe of
nutrients (De Datta, 1981), better root uptake of nutrients by mass
flow and diffusion, better reflectance of the solar radiation to
the lower leaves of the rice by the flood water etc Similar favour-
able effects for flooding have been reported by several workers
{Raymond and Shapiro, 1981; Meera, 1986) Though moisture levels
did not register any signif.canv effect on grair nitrogen content
and N uptake by straw, the straw N conient was significantly higher
in the non-flooded rice (Tabie i~} This probably +as due to the
low dry matter accumulation py the hon-flocded rizce and the N
taken up by the plant got accumulated 1in the limited portion of
the vegetatlve tissues resulting 1n a high concentration of N. For
the same reasons, the straw N uptake by the non-flooded rice
slightly higher than that of flooded

though non-significant was

rice

Among the N levels, though the grain yreid at 100 kg ©N
ha ' and 150 kg N ha~! were tound at par (Tab.e 6), plant dry

straw vyield, % of N 1n grair and straw, the total N uptake
1

welght,

by the plant were found s:ignif.rantly higher at 100 kg N ha ' than

that at all other levels (Table -+, 137, 12, 14 and 19). In several



other studies also the optimum dose of N tc rice was found to
range from 90-110 kg ha"1 (Meera, 1986; Surendran, 1985; Vaijayanthi,
1986). In a study conducted by Singh et al (1978), 1t was observed
that for the rice variety Jaya, the optimum level of N was 100
kg N ha-'1 Application of N at levels higher than 90 kg ha"1 was
found to 1induce more vegetative growth and there by lower grain
yield, 1n a study conducted at Agricultural Research Station, Mannuthy
(Latir, 1982). The interaction effect between moisiure regimes and

N levels was also found sigmificari. It w~as observea that the flooded

rice responded better to N a-olication than the non-flooded rice

(Table 7) The favourable e* *zt produced on flonding the so1l

has already been discussed

5.3 Influence of moisture regimes, levels of nitrogen and split

method of appilcation on N recovery and forms of N absorption
using the alternately labelled urea
5 3.1 Percentage absorption of fertilizer nitrogen and soil nitrogen

(% Ndff and % Ndfs)

Though the two different moisture regimes did not show

any significant difference with respect to thc relative contribufion

of soil and fertilizer nitrogen, the d:fferent N leveirs had a sign.ri-
cant 1nfluence (Table 20, 21). When the & levels were 1ncreasea
{(from 50-150 kg N ha_1) o contribution from the fertililizer

towards total N uptake 1ncreasec correspondingly from 33 1 to 51 7

% Ndff This would mean that the deperaence of plant on native
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nitrogen decreased considerably (from 66.9 to 48.2%). Azam et al.
(1991} reported a contribution cr 25.1 - 28.6% by fertilizer N to
the total plant nitrogen under floowed field conditions. In the present
study, 1t was found that even at the highest level of 150 kg N
ha—] the soil contribution was considerably high (48.2%) Broadbent
(1979) reported a range of 50-80% of plant nitrogen, orig:nated
from soil. The reason for 1ncreased dependence on soil nitrogen
as explained by Shiga annd Ventura (1976) 1is that, fertilizer 1s
a short lived source of N (unless 1t 1s conserved through microbial
immobilization), whereas the soil supplies N continuocusly and thus

soil N plays a crucial role in the growth and yield of crops.

5.3.2 Fertilizer N uptake

5.3.2.1 Effect of moisture regimes and N levels

The fertilizer N uptake was significantly higher by the
flooded rice than by the non-flooded rice (Table 22 and Fig. 8).
The fertilizer N uptake 1s computed from % Ndff and total N uptake.
As *he N uptake was much higher 1n the flooded rice (Table 19)
the same trend was obtalned with respect to fertilizer N uptake

also

Though the % Ndff was higher at 150 kg N ha_1, the highest
fertilizer N uptake was recorded at 100 kg N ha_1. As 1in the case
of the effect of moisture regimes the highest total N uptake was

recorded at 100 kg N ha_1 (Table 19) which 1n tun led to a high
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fertilizer N uptake. The 1interacr'~~ egffect between moisture regimes

and N levels were found non-significant.

5 3.2.2 Effect of split application

As 1n the case of moisture regimes and N levels, the method
of application exhibited a significant influence on fertfilizer N uptake.
The fertilizer N uptake was significantly higher from the top dress-
1ing than from the basal dressing (Table 23). This 1s mainly due
to the fact that the basal dressing was done to the rice at its
seedl.ng stage when the root system was not well established. At
the time of the top dressing rice plants would be having a well
developed root system, which could be the reason for the higher
fertilizer N uptake. The 1intera.ticn of method of application with

moisture regimes and levels of itrogen was found on-sigmificant

(Tables 23, 24).

5.3.3 Nitrogen recovery (%)

5331 Effect of moisture regimes and N levels

The flooded rice recorded a significantly higher recovery
of nitrogen (34%) than the non-flooded rice (28%) (Table 26}. It
1s but natural that the flooded rice recorded a higher % of N
recovery as the flooded rice had -ecorded a signiiicantly higher
fertilizer N udtake and dry matter proouction (Tables 10, 22).

Mowever, many studies conductec on the 1osses of nitroger and




86

1ts recovery by rice plant have 1indicated that both denitrification
and ammonia volatilization are substantial from flooded rice soils
(De Datta, 1981) Inspite of this fact 1n the present study N
recovery 1s much higher from the flooded rice than from the non-

flooded rice. This 1indicates that the denitrification and volatilizat-
1on losses under the upland conditions {non-flooded) are comparable
with that under flooded conditions. There 1s a slight possibility
for a higher volatilization loss of ammoma from the non-flooded
so1l 1f the NH3 loss 1s 1n any way linked with the evaporation

loss of moisture. However, 1n one of the earlier studies conducted

by Chao and Kroontje (1964) it was observed that the rate of
ammonia volatilization and of water vapour from some soils followed
different functions. As already meni.oned, the main reason for better

recovery of applied N by the flooded rice 1s Iits robust growth

noticed throughout the various growth stages.

Among the N levels, the highest recovery was noticed at
100 kg N ha—1 and there 1s a gonsiderable reduction in the recovery
when the N level was 1ncreased to 150 kg N ha_1 (Table 26). It
has already been observed 1in the present study that the rice
growth and yield 1s at its best at 700 kg N harl. Also 1t 1s at
this level that the highest fertilizer ™ uptake was noticed.
However, at the highest level of mitrogen 1e., 150 kg ha_1, a signi-

ficant decrease 1n the N recovery was noticed. Similar decrease



in N recovery following 1increase 1n N levels had been reported

by Rajale and Prasad (1973) also,

5 3 2.2 Effect of split application

The recovery of the applied N from the top dressing was
significantly higher than that from basal dressing (Table 27). In
this experiment, the top dressing was done at the early panicle
initiation stage. One of the main reasons for high recovery at this
stage 1s the better developed root system, especially the superficial
secondary root system. Another reason probably 1s the high N
requirement by the rice plant at this stage In a study conducted
by Yanagisawa et al (1967) 1n Japan, 1t was observed that as
much as 55% of the N applied 15 days before heading was used
by the plant and only 7%, whenr N was applied as basal dressing.
In studies conducted at IRRI ai- the highest efficiency of N use
for a medium duration rice varietry was observed when fertilizer
N wa- applied, at half of the optimum rate (60 kg N han1), Just
before panicle initiation (De Datta et ai., 1969). In the present
study the 1interaction of method of application with moisture regimes

and N levels was not found sigmificant (Tables 27, 28).

5.3.4 Molecular absorption of urea

53 & 1 Effect of moisture regimes and N levels

The flooded rice recorded a significantly nigher molecular

absorption of urea than the non-flooded rice as evidenced from
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the urea N uptake (Table 30) and % absorption of molecular urea N

(Table 35). With respect to the % absorption of N 1n forms other

thar molecular urea, the non-flooded rice had recorded a higher

value than the flooded rice (Table #4). The higher absorption of
molecular urea under the flooded condition could be due to the
decline tn the urease activity upon flooeding the soil. There are

divergent findings on the effect of water level on the urease

aclivity, While some workers have ieported that urease activity 1s
unaffected by water level (Skujins anc Mc Laren,; 1869, Delaune and
Patrick, 1970, Gould et al., 1973). Several other workers have
reported a decrease in urea-= activity upen flooding the soil.
Puliord and Tabatabar (1988) ob:cirved that urease activity decreased
in water logged soil and was significantly correlated with Eh.
Saraswatht et ﬂ. {1991) In their study on the effect of motsture
regimes on urease aclivity observed a complete cessation of urea

t ydrolysts following flooding. The results obtartned 1n this

investigation (Table 2} also indicate that there 1s atleast a decline
In urea hydrolysis in flooded sotls which must have resulted n
the molecular absorption of urea. The fact that rice plants are
capable of absorbrng N 1n the molecular form has been well
established (Mitsui and Kurihara, 1962, Saraswath! et ﬂ., 1991).
According to Mitsur and Kurthara, urea tz2ken Jp through the rice
rools is converted Into ammoniur carbonate by urease at a slower

rate than 1t 1s absorbed. This may result mn the accumuliation of

urea in the rice roots prohibiting iurther urea absorption.




It 1s assumed that the giantity of the radiolabel recovered
in  the plant 15 entirely due to the ahsorption of urea 1n the
molecular form The reactions involved in the hydrolysis of applied
urea 1n the soil lead to the evolution of CO2 as an end product
besides the ammonmium. When 14(: urea s applied to the soil, 1t
1s therefore likely that MCOZ will be evolved which can be absorbed
by the foliage or can be converted 1nto other forms 1n the soil
which may be absorbed by the plant. Since 1t has already been
shown that the rice plant can absorb molecular urea through roots
(Saraswathi et al., 1991) and that the quantity of N so absorbed
15 very little (Tables 35, 36, 37, 38 ana 39), 1t may be safely
concluded that the quantity of 140 label observed 1n the plant
in the present study represents aosorption of molecular urea. The
molecular absorption of urea has also been reported 1n wheat by
Bradley et al. (1989). In this study they have found that the

capacity of the plant for the absorption of molecular urea was

substantially less than the ammonium uptake

Among the N levels, the highest absorption of urea was
observed at 150 kg N ha_1 (Table 30), despite the fact that the
N uptake and recovery was maximum at 100 kg N ha"1 This 1s

mainly due to the fact that at 150 kg N ha_T, bigher amount of

urea was present 1n the soill. As the rate of hydrolysis 1s slow

in the flooded soil, the amount of unhydrolysed urea present would

be naturally more at 150 kg N ha_1 Because of the h.gher substrate
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concentration, there was naturally a higher molecular absorption
This 1s further evident from the fact that the 1interaction between
moisture regime and level of nitrogen was significant (Table 31)

and the highest molecular absorption was noticed by the flooded

rice supplied with 150 kg N ha~1

5 3.4.2 Effect of split applicatior

The molecular absorption or urea was significantly higher
from the top dressing than from the basal dressing. While the
basai dressing was done two weeks after sowing, the top dressing
was done just before panicle initiation. Not only molecular absorpt-
ion, but the nitrogen recovery as such was higher from the top
dressing and the reasons for the same have already been discussed.
From the 1interaction (Table 32) 1t could be seen that the highest
molecular absorption was by the flooded rice from the top
dressing. At the time of top dressing the ~looded rice was having
a standing water level of 4-5 c-m continuously *from the seedling
stage Hence there 1s a poss'oility for more wurez to remaiwn

unhydrolysed 1n this condition ~nen applied at the rate of 150

kg N haT.

5.4 Development of isotope method for urease estimation

In this study, an attempt was made to develop an 1sotope

4
method for urease estimation from the residual 't'C labelled urea
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remaining after hydrolysis. This method had the advantage that
it was less combursome and do not involve the development of
colour The standard non-buffer method 1nvolves the development
of colour which 1s rather unstable and depended on the quality
of the reagents used (Mulvaney and Bremner, 1979). In this respect,
the 1sotope method had a distinct adventage over the non-buffer
method However, in the present study, the 1sotope method resulted
in a gross underestimation of urease activity While the urease
activity by the non-buffer method ranged from 900-1200 ug urea
9_1 soil, that by the 1isotope method ranged from 200-400 M9 urea
9'1 so1l (Table 49). This could be due to the 1sotope effect 1in
the sense that the urease shows a discrimination between labelled
and unlabelled urea. This discrimination was seen even when the
Incubation with urea was prolonged upto 3 days (Table 50) Such
a discriminaticn was also noticed by Rabilncwitz et al. (1956) who

found that jackbean urease hydralysed 1ZC urea about 10% faster

than 14C urea

Conclusion

The present 1nvestigation 1ncluded 4 sets of experiments
intended to study the effect of soi1l submergence on soil urease
activity, to develop an 1sotope method for urease estimation and
to know the molecular absorption of urea by the flooded rice. The

effect of soi1l submergence was pronounced only during the imtial
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stages of 1incubation with urea. Upon prolonged 1ncubation with
urea, soil submergence had not much effect. With respect to the
1sotope method, it was observed that 1t resulted in a gross under

estimation of urease activity due to the i1sotope effect.

The results of the pot culture experiment to study the mole-
cular absorption of urea clearly indicated that the molecular
absorption does take place and 1t 1s much higher from the flocded
soil than from the non-flooded soil. However, there exists a
possibility for an underestimation of the ouantity of urea absorbed
due to the possible loss of MC(_)z though respiration. However the

present study does not throw ary light on the mode of absorption

of urea and 1ts fate inside the plznt.

Regarding the mode of absorption, detailed studies have
been conducted using several algae. Healey (1977} studied the uptake

of urea and ammonium by the green alga Scenedesmus quadricauda

and blue green alga Pseudoanabaena catenata He observed that urea

and ammonium uptake resemble each other and the uptake of urea
was depressed by ammonium. These results suggest that both uptake
reactions might occur at the same .ite However, 1t was observed
that ammonium and urea uptake by both algae nave different pH
dependences. Also 1n a variety of experiments with the algae the
ratlio of ammonium uptake to urcz uptake d.d not vary systematically

with the ratio of the external _.crnicentration of ammoniumr ana urea



indiceting that ammomum and urea did not seem to compete for
the same site. In summary these results suggest that ammonium
and urea uptake occur at different sites. However, the fact that
ammonium and urea uptake mutually depend on one another shows
that these sites are not entirely independent. Presumably some
internal mechanisms governs the rate of uptake at one site, depending
on wnat 1s occuring on the other site. Another strong theory for
the urea uptake 1s that 1t 1s a carrier-madlated process and the
amino acid arginine and the urea are taken up oy the same carrier
{(William and Hodson, 1977). Howevar, 11n a detailled study using

multicellular eukaryote Volvox carterir F nagariensis. Kirk and

Kirk (1978) observed that arginine and urea carrie~s are distinct
and different. According to Mitsui and Kurihara (1962) the absorbed
urea 1nltially get accumulated 1n the root and then 1s translocated
into  the grain part with the transportation stream and 1s
decomposed more rapidly 1n the shoot than ir the root as the urease
activity 1s greater in the shoot With respect to the fate of the
urea 1n the plants detailed studies have been conducted following
foliar application of urea. Dilley and Walker (1951, observed that
apple and peach leaves supplied with M(, rabelled urea assimilated
this 1i1n the amno acids, amides, proteins and other soluble
compounds within 20 hours Only small portien of (te urea absorbed

by the peach remailned in the lez es as unhydrolysed urea

n
)
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SUMMARY

An 1nvestigation was conducted at the Radio Tracer Laboratory,

College of Horticulture, Vellanitkkara during the period 1990-92

to study the molecular absorption of urea by flooded rice. The

following experiments were undertaken during the course of this

investigation

1 Effect of soll submergence on urea hydrolysis
2. Pot culture experiment to know the absorption of molecular urea

and other forms of nitrogen by flooded and non-flooded rice

from split doses of nitrogen

3 Development of 1sotope method for urease estimation
The results of the investigation are summarised below.

Under non-submergence and for 5 h 1incubation though the
black cotton soil registered the highest soi1l urease activaty, 1t
did not differ much from the urease activity exhibited by laterite,
kole and kayal soils. However, the kari soil recorded the least

urease activity When the so1l was submerged, a decline 1n the

urease activity was noticed 1in all sotls. Though the decline in

urease activity was slow up to a submergence period of 10 days,

there was almost a 30-40% drop 1in activity following submergence

period of 20-30 days 1n all soils, except kari soil. When the

submerged soils were 1ncubated with urea for periods longer than



5 hours, a complete hydrolysis was noticed within a period of

2-3 days 1n the case of all soils except karl

In the pot culture experiment, 1t was observed that flooded
rice recorded significantly higher yield of grain and straw, total
dry weight and N uptake than the non-flooded rice. Among the
N levels (disregarding the source and method of application) though
the grain yield at 100 kg N ha ! and 150 kg N ha~! were found
at par, plant dry weight, straw yield, % of N in grain and straw,

the total N uptake by the plarr were found significantly higher

at 10C kg N hai_1 than at all other levels cf N.

The % Ndff increased with increasing levels of nitrogen appli-
cation. A reverse trend was observed 1n the case of % Ndfs. The

moisture regimes and 1ts 1Interaction with nitrogen levels had no

significant 1nfluence on % Ndff and % Ndfs.

Flooded rice recorded a significantly higher N uptake than

non-flooded rice and among the N levels, the highest fertilizer

N uptake was noticed at 100 kg N ha_‘l and the least at 50 kg

N ha—1 The interaction effect was found nor -significant. The fertilizer

nitrogen uptake from the top dressing was sigmficantly higher than
that from the basal dressing. The 1nteraction of method of applicat-
1on with molsture regimes, levels or -itrogen and with both (three

way 1nteraction) were not significant



The % recovery of fertilizer N by the fleoded rice was
significantly superior to that by non-flooded rice The highest
recovery was noticed at 100 kg N ha_1. The 1interaction of moisture
regimes and levels of nitrogen was not significant The top dressing
recorded a higher % recovery than basal dressing The nteraction
of method of application with mmisture regimes levels of nitrogen

and the three way Tinteractions were not significant.

There was many fold increase 1n the uptake of N as molecular
urea py the flooded rice compared to ron-flooded rice Among the
aifferent levels of nitrogen, the molecular absorption of urea
increased significantly with 1ncrease 1n levels of nitregen. The
interaction effect between moisture regimes and levels of nitrogen
was also found significant. Under the flooded situation, while there
was a steady and significant 1increase 1n the molecular absorption
of urea with 1ncrease in the levels of nitrogen, under the non-flooded
situation, the different levels of nitrogen had no effect. With
respect to the percentage absorptioy of N in fo~ms other than
molacular urea. the non-floodeo rice had recordea a hkigher value
than the flooded rice. The miiecular absorption of urea was
significantly higher from the top dressing than from the basal
dressing. The highest molecular absorption was recorded by the

flooded rice from the top dressing.




The 1sotope method of urease estimation was found not

comparable with the non-buffer method as the 1sotope method

recorded very low values of urease activity. While the urease

activity by the non-buffer method ranged from 900-1200 Mg wurea
g_1 soil for all the soils, the urease activity by 1sotope method
ranged from 200-400 ug urea 9-1 of so1l

[P
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APPENDIX-1

Weather data {weekly average) for the cropping period
(from 9-8-1991 to 8-12-1991)

Standard Total Temperature (°C) Relative humidity (%) Sunshine
Week No Month and date rainfall Maximum Minimum Forenoon Afternoon hours
(mm)

32 Aug 6-12 65.2 29 5 23 1 95 79 23
33 Aug 13-19 13.9 27.8 22.0 95 84 18
34 Aug 20-26 53 0 29 1 22.3 96 79 35
35 Aug 27-Sept 2 12.5 30 4 23 3 94 66 6 5
36 Sept 3-9 60 31 4 23 2 90 59 9.1
37 Sept 10-16 6 4 31.6 24.6 20 65 6.1
38 Sept 17-23 18.3 31 5 22 4 92 59 6 8
39 Sept 24-30 6 8 31.7 24 0 90 70 6.5
40 Oct 1-=7 11.4 31 2 23.5 92 77 4.1
41 Qct B8-14 97 3 30 6 23 0 91 75 4 3
42 Oct  15-21 57.6 30 8 23 1 87 66 6 4 .
43 Oct 22-28 40 O 29 8 23.0 87 72 ?9
44 Oct 29-Nov 4 75 4 32 1 22.5 96 76 3.0
45 Nov  5-11 105 0 31.4 22.8 89 62 7 4
46 Nov 12-18 53 4 310 20.9 4 69 5.0
47 Nov. 19-25 05 31.3 21.4 6 "58 77
48 Nov. 26-Dec 2 00 30.9 23 5 78 45 8.6
49 Dec 3-9 0.0 31.9 23.2 69 56 9.7

Source Meteorological Observatory, Vellamkkara



cfiect of moisture regime and level of nitregen on vield,

Appendalx 2 Abstract of Anova

drv matter production and nitrogen content

Mean square
Source df 1 2 3 4 5 6 7 8

Greln Straw Total dry N 1n N 1n N uptake N uptake N uptake
y1elq_] yleld_] weigh t gra.n straw by gramn by stray by p].an_t1

(g pot ') (g pot ) (g pot ) (%) (%) (mg pot ') (mg pot ')(mg pot
e Hex ez NS e e NS Rt

Molsture regime 1 292 03 18 98 375.44 0 262 1.99 49482 9 2931 3 28162.3
1] ok sl ¥ sy T Aodk 3]

Level of nitrogen 3 38.95 78 63 196.55 3 71 3.22 14473.9 34891.5 94506 4
e e Reo ey » 2k NS W

interaction 3 17.69 .3 23 44 0 74 0 65 4109 / “RT0 1 3814 7
Error 56 075 1 24 4 89 0 159 0 23 409.3 1310.53 2126 8

** Significant at 1%

* 8 graricant at 5%
NS - Non-signmificance

)



Appendix 3.

Abstract of Anova
Effect of mo.sture regime and level of niirogen on fertilizer and soil N uptake,

absorption of mtrogen

N recovery and forms of

1

2

Mean square

3 4 5 6 7 9
Source df 14
% Ndff % Ndfs Fert N % Molecular % 'C urea N absorbed % absorption
uptake recovery urea N N uptake in forms of N n
uptake other than forms other
-1 molecular molecular
(ug plot ) urea urea
-1
(mg pot ')
NS NS * " £33 w*w % R
Mniste - 1 agime 1 1 494 1.495 2561 259 @ 1936380.3 2 98 2425 .4 2 Rb
F Ao -2 HeZe b2 ke ok n
Level of nitrogen 2 707 56 707 .6 6647 5 752.4 214628.2 ¢ 119 6592.4 0.135
s o x
"nteraction 2 8.13%  g.13™ 738N g5 0N 208447.2 0 11 721 0.097
Error 18 10.47 10.47 364.4 51 4 2489.7 .02 363.5 0.026

®* Signiticent at 1%
* Significant at 5%
NS - Non-signiticance



Appendix 4. Abstract of Anova

Effect of moisture regimes, levels of nitrogen and split method of application on fertilizer N uptake,
N recovery and forms of absorption of nitrogen

Mean square

1 2 3 4 5 6
Source df
Fertlizer Recovery Molecular Urea N N absorbed Absorption of
N uptake N (%) urea N uptake in forms N 1n forms
_ (%) other than  other than
(ug pot ) molecular molecular
urea urea (%)
-1
(ug pot ')
r * e ook Aesle %
Moisture regime 1 1275 87 519 54 971032 6.99 1211 6 95
s e S e e R
Levels of nitrogen 2 3322.04 1504 .40 108063 0.23 6593 0.23
se o e E-2
Molstul € 7 -Jimes X 2 370.30N5 191 QONS 104960 0.21 720 NS 0.21
Levels ¢f miirogen
&k % e e % e
Method »f applicaiion 1 1122 39 684,30 75653 115 1145 1.14
ek M3 e
Mnisture regime x 1 250.94NS 222.20NS 67662 0.98 261 NS 0 98
Method of appiication
L %* &
{ evels of nitrogen x 2 ~‘+65.87NS 295.95 NS 18122 0.14 932 NS 0 14
Methoa of application
1, E- 24 [
Mo.sture regime x Level 2 6.71 NS 15.02.N':| 16125 0.11NS 13NS 0.11N"
of nitrogen x Method
of application
Error 36 146.7 105.8 1513 0.04 5278 0.04
*¥ Significant at 1% * Significant at 5%

NS - Non-significance
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Slate 1a Rice variet, Java undar flooded and non fleoded

conditions, supplied with 50 kg W ha"1






Platz - Rice variety Jaya snder ficoded and non-tlooded

ronditicns, supplied with 100 kg N ha |






Plate 1c, Rice variety Jaya under flooded and non-flooded

conditions, supplied with 150 kg N ha”!






Plate 1d Rice variety Jaya under flcoded cond:ition
supplied with 50, 100 and 150 kg N ha?






Plate le. Rice variety Jaya ungaer non-flooded condition
-1
supplied with 50, 100 and 150 kg & ha
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ABSTRACT

An 1nvestigation on molecular absorption of urea by flooded
rice was conducted at the Radio Tracer Laboratory, College of
Horticulture, Vellanikkara, during the period 1990-1992. The effect
of so1l submergence on soi1l urease activity was also studied on
five different soils of Kerala namely, laterite, kole, kari, kayal
and black soils An attempt was also made to develop an lsotope
method for urease estimation using 1l’C labelled wurea. From the

specific activity of 14C urea solution 1nitially added ana the count

rates obiained for the KCl-PMA extract, the urea hydrolysis rate

was calculated.

To study the molecular bsorption o urea, a pot culture

experiment was done employing an alternate stable 1sotope radio-

labelling technique. In this experiment rice was grown 1n pots

under flooded and non-flooded conditions and supplied with MC

and 15N labelled urea basaly and or as top-dress alternately. This

study clearly revealed that absorption of nitrogen as molecular

urea does takeplace and 1t 1s much higner from the flooded rice

than from the non-flooded rice. Also, the molecular absorption

was higher from the top-dressing than from the basal dressing.
With respect to the influence of soil submergence on urease activity

it was observed that a slight decline :in activity occured following

flooding.



The :sotope method of urease estimation aid not yield values
comparable with the non-buffer method. The isotope method resulted

1n an under estimation of urease activity prooably due to the isotope

effect



