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INTRODUCTION

It  has been well established that the plants absorb nitrogen 

mainly in the form of ammonia and/or n itrate. In the case of 

flooded r ic e ,  ammoniacal form is preferred to nitrate form, p r im a r i ly  

because n itrif ica tio n  is rather slow in anaerobic soil environment 

Urea is the most popular nitrogen f e r t i l iz e r  used in rice  cultivation. 

When urea is applied to so il ,  i t  rapidl>  undergoes enzymatic 

h y d ro ly s is  leading to the production of ammonia and CO^• T h is  

reaction mediated by the enzyme urease present in the so il,  forms 

the most important step in the utilization  of N from urea by the 

plant Though urea is mostly taken up by plant after its  h y d r o ly s is ,  

i t  has been demonstrated by Japanese workers in the early 1960's 

(Mitsui and Kurihara, 1962) that rice  plants are capable of absorbing 

urea in the molecular form. In a recent study conducted in this 

lab, it was observed that a drastic  decline in urease a c t iv ity  

occured following flooding the soil (Saraswathi e_t a U , 1991) I t

is to be assumed in th is  conte> * that urea top-dressed co flooded 

rice can persist in the soil for a considerably longer time without 

h y d ro ly s is  Under such circumstances, there exists a strong possib­

i l i t y  +or absorbing larger quantities of urea in the molecular form. 

Hence i t  was decided to examine the p o s s ib i l ity  of molecular 

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

basal dressings



Th e re  are d ive rge n t findings on the effect of soil moisture

or  water le v e l  on urease a c t i v i t y  While some workers have re porte d

decrease in so il  urease a c t iv i t y  upon soil  submergence (D a la i,  1975),

some wokers could not f ind  any such effect of soil moisture (Skujins

and Me L a r in ,  1969; Delaune and P a tr ic k ,  1970; Gould at al_., 1973).

Most of these studies have done by the non-buffer method of Zantua

and Bremner for 5 h incubation p eriod  However, not much information

is a va ila b le  on the effect of soil submergence upon prolonged

Incubation w ith  urea. Though the urease a c t iv i t y  is mostly estimated

employing the non-buffer method, i t  is p ossible  to estimate the 

14a c t iv i t y  using C la b e lle d  urea. Considering a l l  these aspects 

an investigation was undertaken w ith  the following o b je c tive s .

1 To study the effect of soil submergence on urease a c t iv i t y  upon

prolonged incubation w ith  the ~ 'bst^ate

2 To know the molecular a b s u - m m  of urea by tlocaed and non-

fJooded r ic e  from top and basa. dressings.

3 To develop  an isotope method to"' the estimat'on of urease

a c t iv i t y
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REVIEW OF L ITER A TU R E

The literature reviewed ip  this chapter are classified under 

the following heads.

1 Origin and location of soil urease

2 Kinetics of urease a ctiv ity

3 Influence of soil moisture on urea hydrolysis

4 Methods of assay of urease a ctiv ity  m soils

6 Absorption of molecular urea and other forms of nitrogen

2.1 O rig in  and location of soil urease

The presence of urease in soil was f irst indicated by Rotini 

(19351 Later Conard (1940, 1942a, b) Hypothesized that urea h ydro ­

lys is  was catalyzed by extracellular urease derived from dead 

and ruptured cells of ureolyi.x microorganisms and plant organs 

adsorbed into soil functions I ^ter Me Garity and Myers (1967) 

reported that urea could be hydrolysed by urease produced by 

active soil microorganisms. Paulson and Kurtz (1969) demonstrated 

that urease a c t iv ity  of soil could be devided into two components, 

microbial urease, d ire ctly  associated with microorganisms and 

adsoroed urease, apparently adsorbed on soil colloids But it was 

generally assumed that the urease in soils is essentially a microbial 

extracellular enzyme accumulated through release of urease from 

liv ing  and disintegrated microbial cells (Skujins, 1976). Therefore



urease activity refers to the a ctiv ity  of extracellular urease in 

the soil and exclude the ureas- a c t iv ity  of metabolizing micro­

organisms

Although some of the urease a ctiv ity  produced on treatment 

of soil with organic material persisted for several weeks, the urease 

a ctiv ity  of soil amended with organic materials eventually became 

identical 10  that of the unamended soil (Zantua and Bremner, 1976, 

1977) T h is  indicates that the urease a ctiv ity  o* unamended soils 

reflects their capacity for protection of urease ard that urease 

in excess of their capacity is decomposed or mac t*.cted. Zantua 

anc 3remner (1976, 1977) concluded that native irease in soils

was remarkably stable and diffe<ent soils had different levels of

urease a ctiv ity  determined by tne a b il i ty  of their constituents to 

protect urease against microbiai degradation and other processes 

leading to inactivation of the enzyme.

According to Burns (1982) the location of urease enzyme 

was atleast partia lly  determined by such factors as the size and 

solubility of its substrate, the species of microorganisms and the

physical and chemical nature of the soil colloids. He also found 

that enzyme bound to clay and humic colloids had a resioual activ ity  

not found m enzymes free in the soil-aqueous pnase. The results 

of *he studies by T i w a n  et̂  a l .  (1988) demonstrated that there 

were atleast three different loci of enzyme a ctiv ity  in soil: inside
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viable cells , on the surface cf clay humic colloids and m the soil 

solution.

2 .2  Kinetics of urease a c tiv ity

According to Delaune ana Patrick (1970) urea h ydro lys is  

took place at the initial rate of aoout 8-12 pprr/h ard levelled 

off after about ’ 4 h Gou^d er a l .  (1973) measured the hydro lysis  

rate of urea undei laboratory conditions a n - found that equivalent 

of 2C0 jjg urea N g soil added as a solution, hydrolysed in

20 h .

Dalai (19 r5) stuoied the effect of varying the period of 

incubation on the urease a r t lv it y  and found that urea h y dro lysis  

followed a zero order Kinetics. The substrate concentration was 

not a lim iting factor in the assay of enzyme a ctiv ity  for periods 

of incubation extending upto 16 h. Sankhayan and Shukla (1976)

found that most of the urea added to five Indian soils was 

hydrolysed within 24 n ana the average half time values ranged

from 3 7 to " .9  n H ydro .ysis  was found to follow a f irs t  order

reuction Sahrewat (1980a> observed in a non-buffer method of 

study with th ee a lluvia l soils o India that urea h v d ro lys is  followed 

a zero o r^ e r  kinetics at least Up to 12 h and the urea h y dro lys is

rate coefficient (ko) of the '"Ji’ rsnqed from 0.83 to 0 167 y j  moles

-1 . -1 g soil n

r



6

Singh and Yadav (1987) observed that complete h y d ro ly s is

of urea occurs J  -if ter one week *r sandy loam and two weeks in 

sandy s o ils .  Singh and Bajwa (1986) found that urea h y d ro ly s is

seemed to follow f i r s t  order kinetics in salt affected soils and

the average time fci one half of the h y d ro ly s is  to occur (t  1/2)

ranged from 0 51 tn 4.55 days.

Paulson and Kurtz (1970'- obtained Michael is constant (Km) 

value of 0 212 M for the total jrease a c t iv i ty  anc 0.057 M and
I

0 252 M for rnic"obial and adsorbed forms of soil urease respect­

iv e ly  In presence of THAM buffer, Tabatabai (1973) reported Km 

values ranging from I .3 -7  M urea for different so ils .  Pal and

Chhonkar (1979) evaluated ^he influence of different soil character­

istics  or enzyme kinetics ana found that Michaelis constant (Km) 

for the enzym. va ried  in different soils  and was significantly and

p o s it iv e ly  correlated with soluble salt rontent. Saraswathi (1989) 

in a study without buffer recorded the Km values of 116, 130.2

and 714.3 Jb mole- of urea m  Karappadam, biack and Kari soils. 

The corresponding V max valu. s obtained were l . j  2 .6  and 7.3  u

moles of urea h y d ro ly s e d  g  ̂ ‘ o i l  h  ̂ respe ctively  With bbffe. 

(pH 7 2) the Km ' d u e s  obtained for Karappadam, black and kari 

soils  we-e 45.3, 55.1 and 2546.6 j j  moles of urea and the corres­

ponding V max values were 4 .2 ,  1.2 and 16.7 aj moles of urea

h v drolyse d  g  ̂ soil h  ̂ re s p e c tiv e ly .
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2.3 Influence of so il  moisture or* urea h y d ro ly s is

Th e re  ere divergent findings on the effect ot soil moisture 

or water level on crease a c t iv i t y .  Several workers had found that 

urease a c t iv ity  in soil was not significantly  affected by the wate" 

level (Skujins and Me Laren 19e° Delaune and P a tr ic k ,  1970; Gould 

et <al , 1973) Skujins and Me Laren H969) fourc that a c t iv ity

in an <,ir d r ie d  soil equilibra te d  at 100 per cent re la tive  hum idity 

was close to that observed when th is  soil contained 50 per cent 

water Dalai (1975) found that urease a c t iv i ty  increased with moisture 

content from 25 to 50 per cent V.HC beyond which it decreased. Accord­

ing to Wikremansinghe a K  (1981) the rate of urea h y d ro ly s is  

was Independent of soil moisture at 25% or above.

More and Varade (1982) concluded t^at about b5% of appi.ed  

urea N h y d ro lys e d  w ith in  2-4 days at a l l  levels of soil moisture 

potential'’ [ zero  -0  33, - 5 . 0  end -25 0 bars, Farooqui et a l ■ (1983) 

observed coi 'p lete h j d r o iy s i s  r i rea w ith in  11 days and found 

that mineralisation potential o+ oil under anaerobic condition was 

more than that under aerobic condition. According to WeK and Carter 

(1983> soil urease .s sensitive to the isck of soil moisture and 

an in r -e a s rd  h y d ro ly s is  of urea occurs with increasing soil water 

content upto neat field ca pacity , followed by a decrease thereafter 

Kurna ard  Wen rnt M984) also reported a linear increase m urease 

a c tiv ity  w ith  moisLure contents upto f ie ld  capacity. Sahrawat (1934)



observed that urease a c t iv i ty  increased with increasing moisture 

content from e ir  dr ie d  state to f ie ld  capacity and then remained 

constanl with furth er  increase n moisture content. However, urease 

a c t iv ity  was not detected in - c  1 samples collected in late summer 

when the soil moisture c intent was below -15 bar

According to Sahrawat (1980b) flood water of trop ica l lowland 

r ice  soils might have measurable amounts of urease a c t iv i ty  though 

Its contribution was far  less than that of soil urease. Vlek et  ̂ a i .

( 1900) reported that urease a c t iv ity  in flooded soils was not constant 

but was dynamic and changed with the duration of rlooding. According 

to them the flood water urea was hydro lyse d  largely at the s o i l -  

flood water interface. Savant et c l  < 1985) observed that in a 

submerged soil system incubated for 24 n . the depletion of 

seemed to retard  the hydrol>s±s and w.’ * a longer submergence 

time, soil Fh decreased and coii urease a c t iv i ty  also decreased 

to a stabilised  value. Howe’-s c ,  -n  reoxidation of the reouced soil 

under a continuous 1 err of . lood water the so n  urease a c t iv i ty  

showed a marked increase. In general t^e order of tne urea 

h y d ro ly s is  in the main three components o t  the wetland soil system 

was oxidised soil reduced soil flooded water (w ithout algae) 

Thus urea h y d ro lv s is  in a we* land soil system showed temporal 

and spatial variation

Accotdino to Monoreal et_ ai_. tf986> urea got h y dro lise d  

completely w ithin  f ive  d a ys. I looo watar  concentrations of urea
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N decreased r a p id ly  and all uipa in i t ia l ly  present in the flood

water was h y dro iyse d  w ithin  da ys. Saraswathi et al_. (199 1)

observed that when urea was n !ded to the soil which was in a

reduced condition, tnere was a steady decrease in urea h y d ro ly s is  

and no ui ease a c t iv i ty  could be noticed upon flooding for periods 

longer than two days.

2.4  Methods of assay of urease a c t iv ity  in  soils

Numerous methods had been used for assay of urease a c t iv ity  

n  soils The  methods which had been thoroughlv evaluated were

the buffer metric ' proposed by Tabatabai and Bremner (1972) and 

the non-buffer method proposed by Zaniua ana Bremrer (1975) 

The non-buffer method cited we- essentially a scalQd~down version 

of the method proposed by Douglas and Bremner ( |970), the on’ y

significant difference being the-1 , toluene was omitted. It  involved 

determination of the amount ol urea hs'cr olysed or incubation of 

the coi' sample with urea at 37°C for 5 h , urea h y d ro ly s is  being 

estimated bv colorim etric  determination of urea in the extract 

(Douglas and Bremner, 1970) obtained by shaking the incubated 

soil sample with 2 M KCi containing a urease m h ib ite r  (PMA) and 

f i lte r in g  the resulting suspension According to Zantua and Bremner 

( 1975), although both methods gave pi ecise results , the buffer 

method gave markedly hiqher values thc.n non-h^ffer method and 

detected urease a c t iv i ty  that did rot occu~ wren syils  were treated



VMtn are a in tne absence of buffrf . A rapid  assay Tor soil urease

had been develooed by kandeler and Gerber (1938). The method

invo 'ved incubation of so il  w*tn an aqueous or buffered urea solut­

ion, extraction of ammonium with 1 N KC1 and 0.01 N HC1 and 

colorim etric  NHt determination by a modified mdophenol reaction.

In a modified method of Douglas and Bf'emner, Praveenkumar and 

Aggarwal (1989) proposed the use of m place of H^PO^.  The

use of H„S0, was found to increase the linear calibration range 
2 4

almost two fold without affecting the precision ct  the original 

method and the developed colour remained stable fo" 72 h m  the 

aar k .

Several workers had ass., od soil urease a c t iv i ty  *.n soils

14 14bv estimating the CO^ released mrough h , d ro ly s is  of C -la b e lle d

urea (SKUjins and Me Laren, 1969; P e l ’tSer, 1972; Norstadt et  ̂ a l . ,

14
1973; Skujins and Me Laren (1969) observed a linear rate of CO^

evolution in a ll  urea-amendeo soils for several hours, after which

time an increase ot rate indicating microbial prolifer avion. Thus

an intrin s ic  urease a c t iv i ty  might be distinguished from enzymatic

a c t iv i ty  due to m icrobial p ro lifera tion . One problem recognised

14
by Skujins and Me L a r “n (1968, 19P9) was that tne CO,, produced

1*tbv h ^ d io ly s ls  of C labelled urea *n soils was not evolved quantit -

ati\ oly Th e y  proposed use ot an acxdic I oH 5 _■) n iffer for assay

14
ot urease a c t iv i ty  in soils b\ determination ot tne C C ,  released

from labelled urea. Anotn problem ui use of labelled
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urea was the p o s s ib i l i t y  of isotope effects (R a bino w itz  et a t . , 

1956)

2 .5  A b s o rp tio  of m olecular urea and o th e r form s of nitrogen

Most plant roots were thought to a b s c -b  n itrate  more r a p id ly

than ammonium (V ie ts ,  1965), although these v e r c  re p o rts  (F r ie d

et a. , 1965, Sprutt and Gasser ■970) that young seedlings p referred

ammonium. In se ve ra l e xperim er greater amounts of nitrogen were

absorbed and better growth was obse^veo when r ic e  was su o p lie d

w ith the ammonium ^NhT )  ra th e r than the n itra te  (NO ) form ofh o

nitrogen (D o i ,  1951, P a tr ik  and S tu rg is ,  1958) Tanaka et_ al (1959) 

obtained com p a ra tive ly  better growth and h igh e r grain  y ie ld  in 

a ru ltu re  solution experim ent when ammonium was a p p lie d  upto ear 

initiation and n itra te  at la te r  growth stages F r ie d  et ed (1965) 

observed that ammonium could be absorber! 5-20 ti js as fast as 

n itra te , depending on the pH of the medium

Me C a rth v  ' 1972) studied ut e« ^p lnkc  b' d ifferent species 

of marine ohytoplankton ana r > d that s tv e ra  hau nigh a ffinities  

for ui ea uptake Act w e  mechanisms To~ urea tra nsport un A s p e rg il lu s  

(Paleman e_t_ al_ , 1973) and n i i . - 'rharono'ces (Cooj ®t and Si'mr’odd, 

1975) were also re p o rte d ,  ll^aiey ('9771 -c p o rte d  that nitrogen 

d e fjr je nLv  inc-eased the in it ia l  saturated rate of ammonium and 

u rtd  uptake by gi een and blue green algae
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Several workers (F n e b e r g  .jnd Payne, 1957, D i l i^ y  and Walke-' 

1961 Mitsui and K u rih a ra , 1962' reported that urPa can enter ihe 

plants not only after its  decomposl'.on but also as a ^ole molecule. 

Freibe rg  and Payne (1957) noted the absorption or undecomposed 

urea oy the leaves of banana, and Japanese researchers (Mitsui 

ot al  ̂ , 1960, Mitsui and Kurihara, 1962) by the roots of rice .

No a c t iv i ty  of urease was found in the tissues of roots of rice 

or in the assim ilatory tissues of banana. Molecules of urea were

found in tne juice of the crushed leaves and in the guttation

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

abso otion of urea by corn plants (Korenkov, 1966).

14Aiilo radiographs of r ice  o'ants fed with C urea confirmed

the molecular absorption of urea iSaraswathi et al_., 1991; Quantit-

14 -1 - Ia tive ly  the accumulation of C ■ ounted to 1.6 ^ug u"ca h g

plam tissue. I t  was also suggested that '■r>e m olecjlar  absorption

of the app lied  urea could be substantial non top dressing under

anaerobic situation
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MATERIALS AND METHODS

The experiment was conducted at the Radio Tracer Laboratory, 

College ot Horticulture, Kerala Agricultural U n ive rs ity .  Th is  is 

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 tiooced situations. I t  was also intended to study the

influence of soil submergence on urea hydro lysis  and also to develop 

An isotope method for urease e s i ’nation

The experiments undertaken during the course of this investi­

gations were as follows.

1 Effect of soil submergence on urea h yd ro lys is  in five  soil types

of Kerala, ie , la te n te ,  k ari,  i<ayal, kole and black cotton

soiLs

14 152 Pot cultu e experiment using C and N labelled urea to study

the absorption of nitrogen as moLecular urea and other forms

bj fLooded and non flooded rice

3 Development o~ an isotope method for urease estimation.
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3.1 Effect of so il submergence or urea h y d ro ly s is

L a te n te ,  kole, k a r i ,  kayal and black cotton soils were

included m  th is  study

F iv e  gram samples each of the five soil types were

submerged for va ry ing  pei lod of 0, 5, 10, 20 ano 30 days pmo"

to application of urea. T h e  soil samples v.ere taken in glass tubes

(30 mm x 120 mm, 30 ml capdouy and flooded v;^th 5 ml of d istil le d  

water and were kept for the ^oecified period of submergence On

the elapse of the time specifiea for submergence, 5 ui of the urea

solution (2000 ^ig g 1 so il )  was acided and 'ncubated for difrerent

intervals  of time namely, 5, 12, 24, 48, 72, 120, 240, 480 and

720 h Sufficient number of replications were Kept to allow the

removal of samples in duplicate for each soil at different intervals 

At the end of each incubation period urease a c t iv i ty  was estimated 

bv the non-bufter method (Zantua and Bremner, 1975)

3 1 1 Measurement of Eh and pH

The Eh and pH were also measui ec for a l l  the samples at

the end of each submergence period the phi was measu) ed by a

combination glass calomel e le cu n d p , The  Eh was nuasuped by a 

combination Pt-reference (S i l\ e  ch lo r id e )  electrode connected to 

a redox mpter (TO A  Electronics Ltd , Japan'
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3 .1 .?  Dhysico  chemical properties of soil

The  physlco  chemical properties of la te rite ,  k a r i ,  kayal, 

kole and black cotton soils  are presented in Ta ble  1.

3 .2  Pot culture  experim ent w ith  r ic e

An alternate staole isotope radio labelling technique was 

employed in this study.

Th re e  levels of nitrogen (50, 100 and 150 Kg ha ) was

app lied  to the r ic e  grown in pots unde'' flooded and non flooded

(60 per cent f ie ld  capacity)  conditions. The three levels  of nitrogen

were given in two equal sp lits  as basal and one week p r io r  to

14 15panicle initiation stage. C labelled urea and h labelled urea

were used alternately to supply  the s p l it  doses. The detailed

programme of the experiment is  given below.

Surface samples (0 -1 5  cm) of la to n te  soil from the A g r ic u lt ­

ural Research Station, Mannuthv were used for the pot culture 

experiment. The physico-cherni-* properties of the soil a~e presented 

in Table  J .1  1. F iv e  kilograrr of the a ir  dried  soil which was 

ground to pass through a 2 mm sieve was f i l le d  in s ix ty  plastic  

buckets of 7 l i t r e  ca pacity . Half of the T il le d  bucxets were kept 

at fie ld  capacity and the remaining at bO per cent field ca p a city . 

Ten pre-soaked seeds of v a rie ty  Jaya were d ib b le d ,  one in each 

hole at 1-2 cm depth per pot. Later thinning was done to retain
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T a b e l  1. P h y s ic o -c h e m ic a l p ro p e rt ie s  of la te r i te ,  k a n ,  k a y a l ,  kole 
and b la c k  s o ils .

1. M echanical composition

Soil type F ra c t  ion 
Sand

(p e r  cent 
S i lt

compos it io n ) 
C la y

T e x t u r a l
class

Procedure
adopted

L a te r  ite 85.0 12.5 2.5 Loamy
sa n d

K a n 62.5 26.25 7 .5 S a ndy loam
Hydrom eter

K a y a  I 75.0 8.75 16.25 S a n d y  loam method

Kole 55 0 23.75 21.25 S a n d y  c la y  
loam

(B ouyoucos,

1962)

BI ack 73 75 10.0 16.25 S a n d y  loam

2. P h y s ic a l constants

Soil type Maximum w a te r  h o ld in g  
c a p a c it y  (% ) (Keen R a c z -  
howsk i Box method P ip e r ,  
1950)

F i e ld  C a p a c  i ty 
(% ) (g r a v im e t r ic  
method)

L a te ri  te 30.0 20.5

K a r  i 59.4 25.71

K a y a l 74.1 37.77

Ko le 67.4 31.3

B lack 72.86 35 05



3 Chemical properties

Soil ch a racteristics S o i l  t y p e Method used
Laterite Kari Kayal Kole Black

Organic carbon (p e r  cent) 0.38 3.96 1 86 1.57 0 63 WalKley and Black method 
(P ip e r ,  1950)

To ta l  N (p e r  cent) 0.154 0.35 0.29 0.26 0.14 Micro Kje ldahl method 
(Jackson, 1958)

A v a i la b le  P (ppm ) 19 0 5 .0 1.5 2.5 7.25 Chlorostannous reduced 
molybdo p hosphoric  blue 
colour method ( Jackson, 
1958)

A v a i la b le  i< 'p p m ) 70.0 25.0 140 140 353 " 'ame photometric method 
(jackson, 1958)

pH 4.7 2.5 4.4 4 7 8.0 E lic o ' pH meter 
(Jackson, 1958)

Eh (mV) -320 ■<480 +420 +415 +310 Model RM-1K oxidation 
reduction potential meter 
of TO A  Electronics l t d . ,  
Japan

CEC (me 100 g-1 so il) 3.8 33.3 16 4 21.3 52.4 Ammonium acetate method 
(Jackson, 1958)
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tout plants at the four corners of the bucket. In pots, kept under 

flooded condition, i n i t i a l l y  water 'vas s p r i^ K le d  fo, 3 -4  days and 

la te r a thin  f ilm  of water was maintained during the i r i t ia l  e s ta b li ­

shment p e rio d  of the seedlings During the later stages a constant 

water le ve l  of 4 -5  cm height was mainta'^od in the flooded pots 

In pots w h ich  were kept at 60 per cent f ie ld  c a p a city ,  watering 

was done d a i ly  at the rate to account foi the evapotranspiration  

loss

3 2 1 Details of the treatments

Crop -  Rice

V a ile ty  -  Jaya

M oisture regimes -  2 (flooded and 60% f ie ld  ca oacity )

Dose of N 3

I 50 kg N ha-1

2. 100 kg N ha ^

3 150 kg N ha-1

Sources of N 2

141 C la belle d  urea

152 N la b e lle d  urea

Method of a pp licatio n

1. 1*C urea as basal and urea one week p r  or to panicle

in it iat io n

15 142. N urea as basal and C urea ore week p r i o r' to panicle

initiation



3 . 2 . 2  O u tline  of the treatment

Non-flooded
(60 per c e n t ----------------------
f ie ld  ca p a city ) , .

50 kg N/ha

100 kg N/ha

150 kg N/ha

50 kg N/ha

!G0 kg N/ha

150 kg N/ha

M 'I  *1 C

*C urea basal + N urea top dress

15 14. N urea basal + C urea top dress

1A 15C urea basal + N urea top dress

15 14N urea basal + C urea top dress

urea basal + 15N urea top dress

15 14N urea basal + C urea top dress

urea basal + 15N urea top press

15 14N urea basal + urea top dress

14C urea basal + 15N urea top dress

16 14N urea basal + C urea top d ress

1^C urea basal + 15N urea top d re s s

15 14N urea basal + C urea -.:op dress
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Design -  Factorial C P D.

Number of treatment ~ 12

Replications ~ 4

In addition to the 48 pots which received the nitrogen treat­

ment, eight control pots were maintained without app ly ing  nitrogen 

for both the flooded and non flooded situations Thus there were

48 oots, which received the different I c 'e l s  of nitrogen and 16

pots which received no nitrogen.

Out of the 48 treatment ■'ots, basal application of nitrogen

14was done to 24 pots with C ,rea and to anothei 24 pots with

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

applied was at the rate of 25 kg N ha 1, 50 kg N ha 1 and 75

kg N ha” 1 in the flooded and non flooded conditions. Immediately 

after a p p ly in g  urea, 4-5 cm level of water was maintained in the 

pots which were to be kept at flooded situations.

143 2 3 Preparation of C urea

1 *C urea was obtained fror" Isotope Di\ s u - ,  B .A  P C , 

14Trombav 500 ml of C urea solution was p"epared having an

activ ity  of 2 ^Uci/ml and c o n ta irm j  12 5 mg of urea N nil '

153 2 4 Preparafion of N urea

N enriched urea was obtained from Raahtna Chemicals15
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and f e r t i l i z e r s ,  Bombay, having an atom excess of 5% 13 6 g of

15N urea was d issolved  in 500 ml to qet a concentration of 12 5

mg ur ez* N 'vnf'1

To s u p p ly  the basal doses of nitrogen, le 25, 50 and 75

-1 FA ir'
kg N ha , 5  ml, 10 ml and 15 ml each of or N urea solutions

were a p p lie d  as per the treatn enfc

Phosphorus and potassium {uer© a p p lie d  at toe rate oF ^5 kg

each per hectare in the form ■ r and KC1 \ j  a l l  the pots

including the control pots

I
One week p r io r  to panicle in it ia t io n  C u^ea was top aressed

15 15in pots w h ich  re ce ived  N urea ca saly  and N urea was top dressed

14in pots which re ce ived  C urea b a s a ly .  N was top dressed at

-1
the rate of 25, 50 and 75 kg N ha by a p p ly in g  5 mi, 10 ml and 

14 1515 ml each of C o r  N u^ea solutions as per the treatment. Afte" 

120 davs of maturation, harvesting  was done bv cutting the  stem 

at 3 cm above the soil  surface to a vo id  a 'y  p o ^ s i^ le  contamination 

from soil or flood waten Th e  panicles » o r e  harvested Firs* and 

then the culms were harvest-* i n d i v i d u a l l y ,  wasted tne bottom 

with d is t i l le d  water, w iped wi tissue paper, kept lr paper bag 

and d r ie d  in hot a i r  oven at 70°< T h e  g c^ns aftei detaching from 

the ra c h is  were d r ie d  separately  for each pot T h e  ra ch il la e  were 

d rie d  along w ith  the straw  After d r y in g ,  the stra w  was cot into



small pieces and Later the d ry  weights were taken eparately tor 

grain and stra w .

3 2.5 '^N analysis

The total nitrogen in sar pies was determined by kjeidahl

digestion ard d ist il la tio n  The titrated d ist il la te  was made acvdic

with few drops of 0.05 N HC1 and evaporated to d^yrc^e by ueeping

it m a hot a ir  oven at not more ihan 50^0 ~he residue was then

diluted with d is t i l le d  water to get a concentration of 1 mg N ml 1

This  was then f i l le d  in ca p i l la ry  tubes of length 1-2 cm. The

ca p il la ry  tubes containing 9-11 yug N were then o' en dried  at 50°C 

14 15The N N ratio estimation was done using Emission Soectrometer

a vailab le  at N R . L . ,  IA R I,  New Delhi

3.2 b Radio assay of plant samples

The ra d io a c tiv ity  of the plant --amples wa > mrasured following 

internal standard method +o rect the c b s - r  o -  cc^ntr ales for 

differential quenching in the s

The plant samples, boti gram  a n i  straw were powdered 

in a m ix e r -c u m -g rin d e r  and sub samples of 3 2 g were laksn The 

weighed sample was added in a l iq u id  scintillation v ia l ,  containing 

15 ml of dioxan based U e u id  sc int il la to r  and the ra iio  a c t iv i ty  

was determined v ith in  10 minutes, m  the l iq u id  scintillation system. 

Immediately after taking counts, 0 1 ml of the stock solution of



9 9U. O

known a c t iv i ty  (10 n Ci ml ) was added and the counts were again-1

taken From th is  the counting eff ic ie "cy  was ual ilated for each

sample and tne dpm for each sample was worked out f rom thQ 

corresponding efficiency values.

The l i q u d  scintillator in the studies consisted of A g PPO

0 2 g P0P0P, b0 g naphthalene, 100 ml methanol and 20 ml ethylene

glycol diluted to 1000 ml with dioxan. T ne ra dm  a c t iv ity  was

determined in a microcomputer controlled n a u id  scintillation system

(Rarkoeta 1215 of Wallac OY, Finland)

3 2 7 Computation of uptake parameters

a) Per cent N d e rive d  from f e r t i l iz e r  m  plants from ooth basa1 
and top dressing ( % Ndff)

% atom excess in the plan 
from basal aoplication

% atom excess in ihe piar

% atom excess in ihe f e r t i l iz e "

b) v atom excess in whole plar t <-ceiving basal application of N

15% N atom excess in 
straw x mg N in straw

. atom excess ’ r> 
j. | g r i m  x mg N in gram   ̂ 100

100 J L " j

Total N uptake

15
c) % atom excess in whole plant receiving  top d r e s s i n g  of N

15% N atom excess in
straw x mg N in straw + x 100

100 J

T o t a l  N uptake
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d) % Ndfs = 100 -  % Ndff

. % NdfT ^ tots' N uptake
e) F e rt i l iz e r  N uptake = -------------------^ --------------------------

x\ 0/ M F e rt il ize r  N uptakef) % N recovery = -------------------------  ~---------x 100
Fertilizer N applied

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

 Total dpm in the plant part Q ^
Specific a c t iv ity  of the fe rt i l ize r

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

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

by the st^aw

i ) Quantity of N taken up as molecular urea iy the plant from sp lit  
doses

total dpm for the grain 
irom s p .i t  dose x 0.46

specific  a ctiv ity  of the 
fe rt i l iz e r

total dpm for the stem 
from so lit  dose x 0.46

specific a c t iv ity  of the 
ferti l izer

j )  % absorption of molecular urea nitrogen bv giain, straw and by 
tne plant

Quantity of nitrogen absorbed as molecular u~ea ^  
F e rt i l ize r  N uptake

k) Absorption of nitrogen in forms other than molecular urea

= F e rt i l iz e r  N uptake -  quantity of nit. oger, absorbed as moiecuiar
urea
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I) % absorption of nitrogen in forms other than molecular urea

[F e r t i l i z e r  N uptake -  quantity  of nitrogen absorbed as]
_________________________________ molecular urea____________ x 100

F e rt i l ize r  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, le, flooded and non-flooded, and 4 levels of n it ro g e n ),

d isre gard in g  the nature of labelling and method of app lication . To

study the effect of moisture regimes and levels of nitrogen on

different parameters like fe rt i l ize r  N uptake, molecular urea N

absorption etc. the data of the two pots which received the

a lternately labelled urea were combined together and the total

14 15uptake of C labelled urea or N labelled urea for a p a rt ic u la r

level 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 sp lit  doses of N applied (top and basal

dressings) the data were analysed as a 2 x 3 x 2  factorial C .R .D .  (2

moisture regimes x 3 levels of nitrogen x 2 methods of a pp lica tio n )

with 4 re plications.

3.3 Development of an isotope method for urease estimation

Laterite, k a r i ,  k a y a l ,  kole and b lack cotton soils were 

included in this stu d y. To five gram portion of the soil sample 

taken in a 100 ml conical flask was added 5 ml of ^ C  labelled
_ i

urea solution, containing urea at the rate of 2 mg ml and having
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14 - 1a specific a c t iv i ty  of 102.08 cpm C ug u rea . Th e  soil was

then incubated for 5 h. The experiment was done w ith  four

re p lica tio n  for each s o i l .  After 5 h ,  the soil samples were shaken 

w ith 50 ml of 2 M KC1-PMA solution for 60 min and the re sulting  

soil suspension was f i lte re d  through Whatman N o.42 f i l te r  p a p e r .

The  extract was used to estimate urease a c t iv i ty  by nonbuffer 

method of Zantua and Bremner (1975) and b y  l iq u id  s c in t i l la t io n

count ing .

F o r  l iq u id  s c in t i l la t io n  co u n tin g ,  an a liq u o t of the extract

was taken in a liq u id  s c in t i l la t io n  v i a l ,  c o n ta in ing  15ml of dioxan

based l iq u id  s c in t i l la t io n  and the ra dio  a c t iv i ty  was determined.

1AFrom the specific  a c t iv i ty  of C u rea  solution in i t i a l ly  added, 

and the count rates obtained for the KC1-PMA e x tra c t ,  the urea

h y d ro ly s is  rate  was c a lcu la te d .

To study the influence of v a r y i n g  periods of incubation on 

14
h y d ro ly s is  of C labelled u re a ,  k a r i  and b la ck  cotton soils  were

incubated w ith  urea solution for 24 , 48 and 72 h. The urea

h y d ro ly s is  was estimated b y  the n o n -b u ffe r  method of Z a ntua  and

Bremner (1975) and by l iq u id  s c in t i l la t io n  co u n tin g .

3 . 4  S t a t i s t i c a l  a n a l y s i s

The  s ta tistica l  a n a ly s is  were done according  the methods 

suggested by Panse and Sukhatme (1985).
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R ESULTS

T h e  follow ing experim ents were conducted during the course 

of this investigation and the ' r s u l t s  of the same are presented 

in th is  cha p te r

1 Effect of so il  submergence on urea h y a r o 'y s i s

9 Absorp tion  of molecular urea and other forms of nitrogen by 

flooded and non-flooded r ic e  from s p l i t  doses of nitrogen

J Development of isotope method for urease estimation

4.1  Effe ct of s o il submergence on urea h y d ro ly s is

The experim ent was aimed to find  out the effect of submerg­

ence of soil for different in te rv a ls  on urease a c t iv i ty

In th is  ctudy soil was submerged f a '  0, 5, 10, 20 and 30

days and al the end of each sub nergence p e rio d ,  incubation with 

urea was done for 5, 12, 24, 48 12,  120, 240 480 a rd  720 h.

4 1 1 Urease a c t iv i t y  under non-submergence and suomergence for 

5 h incubation

The  effect of 5 h incubation w ith  ui e-a under non-submergence 

and submergence w i l l  be presented here (T a b le  2) as 5 h is the 

standard incubation time m  the non-buffer method of Zantua and 

Bremner (1975)



Table 2 Urease a ctiv ity  under non-submergence and submergence
for 5 h incubation

Soil
Urease a ctiv ity

*
( jug urea hydrolysed q soil)

Non-sub- Submergence period (days)

5 10 20 30

1 atente 1150 1120 1111 824 805

Black cotton 1396 1272 1253 848 873

Kole 1216 1138 1122 843 820

Kayal 1365 1123 1104 880 773

Kan 861 840 P18 7 77 675

-1
* Amount of urea added in it ia l ly  "s 2000 jug q soil



F.g-i. Soil urease activity under submergence 
and non-subm ergence for 5 h incubation

with urea.
i

8ubnmrgenoe period (dt.ye)

 Lalerlte bl&ck cotton —I—Kole Kayal -9K- Karl ________________________________________________
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4 1.1.1 Under non-submergence

Among the different soils studied. Black Cotton Soil registered

the highest activity (1396 jug urea g  ̂ soil) ana the least activity

was recorded by the kari soil (861 fjg urea g  ̂ s o i l ) . The urease
-1

activity  of other soils ranged, from 1150 to 1365 jug urea g soil.

4 .1 .1 .2  Under submergence

A steady decline in urease activ ity  was noticed following

submergence of the soil. Though the declire m urease activity 

was olow upto a submergence period of 10 days, there was almost 

a 30-40% drop in the activity  following sjbmergence periods of 

20-30 days for all soils excepf 1 o n  soil In Kari soil submergence 

had not much effect on urease activ ity  and only a 10-20% decline

was noticed even for submergence periods of 20-30 days

4.1.1.3  Influence of submergence under prolonged incubation with 

urea

The data are presented m Table 3. The decline in the urease 

activity following submergence was less pronounced when the incubat­

ion with urea after the submergence was increased beyond 5 h.

Under non-submergence urea hydrolysis was completed within a 

day in the case of kayal soil and within two days in the case 

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

cotton soil. However, with respect to kari soil, urea hydrolysis



T a b le  3 influence of so il  submergence on urease a c t iv i t y  under prolonged incubation w ith  urea

Soil

L a te n te

B lack cattcr

K ole

KayaJ

Karj.

Submergence *U red ly d r o iy s e d  ( ng g“ 1 so il )
period  ( d a y s ) ------------------------------------------------------------------------------------ .--------------- _ _ _ _ _

Incubation p eriod  fh)

5 12 24 48 72 120 240 480 720
0 1150 1290 1626 2000 2000 2000 2000 2000 20005 1120 1268 1384 1453 1813 2000 2000 2000 200010 1111 1133 1440 1496 1720 2000 2000 2000 200020 824 1044 1280 1480 1701 2000 2000 2000 200030 805 917 1273 1346 1680 2000 2000 2000 2000

0 1396 1346 1495 1850 2000 2000 2000 2000 20005 1272 1328 1115 1567 1701 2000 2000 2000 200010 1253 1328 4t 0 1553 1720 2000 2000 2000 200..20 848 1123 I <'3 1482 1684 2000 2000 2000 200030 873 11 10 .216 1328 1795 2000 2000 2000 20tCr

0 1216 1481 1665 ^000 2000 2000 2000 2000 20005 1138 1313 1527 2000 2000 2000 2000 2000 200010 1122 1204 1720 2000 2000 2000 2000 2000 200020 843 1085 1696 2000 2000 2000 2000 2000 200030 820 14i2 1717 2000 2000 2000 2000 2000 2000
n 1365 17 26 2000 2000 2000 2000 2000 2000 20005 1123 1301 1421 200C 2000 2000 2000 2000 200010 1104 129- 1 134 2000 2000 2000 2000 2000 200020 880 97 . 1356 2000 2000 2000 2000 2000 200030 973 1188 1253 2000 2000 2000 2000 2000 2000
0 861 936 1122 1206 1255 1290 1356 1683 18505 840 916 1100 1229 1260 1257 1309 1346 135510 818 900 1097 1197 1216 1232 1258 1328 13^620 777 889 1035 1200 1210 1343 1393 1468 167730 675 820 973 1281 1356 1384 1431 1496 1683

^Amount of urea added i n i t i a l l y  !<=• 2000 yOg g 1 so il



F,g .2. Influence of submergence of laterite 
soil on urea hydrolysis upon prolonged 

incubation with urea

Urea remaining ( ug urea/g coi l)

In cubation  per iod  <h)

S u b m e r g e n c e  per iod



Fig.3. In flu en ce o f su b m erg en ce of b la ck  co tton
soil on u re a  h yd ro lysis  u p on  prolonged

in cu b a tio n  "with, u re a

llrea remaining (ug urea/g  soil)

Incubation, penod (h)

Submergence penod

o days * 10 dnye — 20 days -G- 30 days



Fig.4. In flu en ce of su b m e rg e n ce  of kole soil
on u re a  h yd ro lysis  u p on  prolonged

in cu b a tio n  w ith  u re a

Urea remaining (ug/g eoil)

Incubation period (h)

Submergence period

0 days 10 days 1 20 days -O ' 30 daya



F , g . 5 . In flu e n ce  of su b m e rg e n ce  of k a y a l soil
on u re a  h yd ro lysis  u p on  prolon ged

in cu b a tio n  w ith u re a

Urea remaining (ug/g  sail)

Incubation period (h)

Submergence period 
—0 -  0 daya ■*" 10 d&yu “H— 20 days "0* 30 days
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on u re a  h yd ro lysis  u p on  prolon ged

in cu b a tio n  w ith  u re a
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was not completed even when incubated for 30 days Submergence 

had not much effect on urea h y d ro ly s is  when tne incubation with 

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

for as long as 30 days, urea h y d ro ly s is  was completed within  3 

days in all  the soils except Kari In Kari so il ,  as already mentioned 

urea h y d ro ly s is  was not completed under both non-submerged and 

submerged conditions even when incubated with urea upto 30 days. 

However, subnei gence had a s lig h t  retarding effect on urea 

h y d ro ly s is

4 1 2 Changes in Eh and pH of t'-c different soils under submergence

A s ligh t  increase in pH was observed for a ll  soils , except 

black cotton soil following flooding In 'a te n te ,  Kayal and Kole 

the pH increased almost by a unit. In Kari only a s ligh t  increase 

in pH was observed. However, ,n black, the pH decreasea from 

7 9 to 7 4 The flooding also had a profound influence on the Eh 

of the so il  While a considerable reduction m  the Eh of the la te n te ,  

kayal and kole was observed, a s im ila r  reduction in the Eh of 

Kari and Black soil was not obser vea following flooding of the 

soil xor the different in te rva ls .  In the cace of the ke^i soil e .e r  

aftei a prolonged submergence for 30 days, there was only a slight 

reduction in Eh (from +465 to t^e5)



Tab le  5 Changes in Eh and pH of s o i l  fo llo w in g  f lo od in g

F l o o d i n g
p e r i o d

( n )

So i l t y p e

L a t e n t e K a r i - Ka y a l Kol e B l a c k -

E h ( m V ) pH E h ( m V ) pH E h ( m V ) pH E h ( m V ) pH E h ( m V ) pH

0 +310 4 . 7 5 +485 2 . 4 5 +435 4 . 4 +400 4 . 6 +320 7 . 9

120 - 60 6 . 3 +420 2 . 6 5 + 10 5 . 4 +90 5 . 8 + 150 7 . 5

240 - 25 7 25 +340 2. 90 - 10 5 . 6 - 3 0 5 . 95 + 160 7 7

480 - 50 6. C +360 2 . 7 0 +40 5 . 4 - 9 0 5 . 9 + 130 7 . 55

720 - 35 6 3 +265 I  50 + 10 5 . 4 - 6 0 5 . 4 5 + 100 7 . 4 0

co,
CO



4 .2  A bsorption  of molecular urea and oth er form s of nitrogen by

flooded and non-flooded r ic e  from s p lit  doses or nitrogen

In this experiment, three leveis of mt-'ogen le. , 50, 100

and 150 kg N ha was a p p l ’e i to flooded and non-flooded rice
14 15

in the form of C and N labelled urea

The information generated from th is  experiment is presented 

in the following lines.

i )  Influence of level of nitrogen and ^moisture regimes on 

y ie ld ,  d ry  matter production and nitrogen content ( d is ­

regarding the source of nitrogen and method of application), 

i i ) N recovery  and forms of absorption of nitrogen as

influenced b y moisture -eg'mes and levels  ot nitrogen 

using the alternately labelled urea (d isregarding  the s p lit  

method of a p p l ic a t io n ) .

H i )  Influence of s p l i t  application on the re la t ive  uptake ol

forrr s of N (from basal a' a *op dressing).

4 2 1 Influence of levels  of n i^o ge n  a-'d moisture regime* on

y ie ld ,  d r y  matter production and nitrogen content

The objective of th is  part of the study v* as to know d ire ct 

effect of differ ent levels of nitrogen on the different parameters

disregarding the source (nature of labellinq) and the me.bod of

application ( s p l i t )  under flooded and non-flooded situations.

* Moisture regime refers to the flooded and non-flooded treatments
and Is used in th is  sense here afte’-
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In the original set of treatments there were three levels

of nitrogen and two moisture 'egimes (flooded and non-flooded;

and each level of nitrogen was applied in two equal s p l i t s ,  in

15 14the form of N or C labelled urea either as basai or as top

14 15
dressing While four pots received C basaj and N t0p, foui

15 14Other pots received N basal and C top +or each leve^ of n itro ­

gen If the nature of labelling  is disregarded, each lavel of nitrogen 

was app lied  to eight pots Hence to know the d ire ct effect of

different le ve ls  of nitrogen, analysis was done in 2 x 4 factorial

C R.D with eight replications (2 levels of moisture and 4 levels

of n itrogen). In this set of experiment, m  addition to the three
-1

le v e ls  ot nitrogen data obtained from control pots {0 Kg N ha ) 

w ere also in c lu d e d .

4 2 1 1  Y ie ld  of grain (g pot ^)

Both moisture regimes (flcoaed ana non-flood^o situations) 

and level of nitrogen (T a b le  6) had a significant influence on grain 

y ie ld  The flooded r ic e  recorded almost r rv r  times h*gher y ie ld

than the non-flooded r ic e .  With respect to the nitrogen le ve ls ,  

150 kg N ha-1 registered the highest y ie ld  which was on par with 

that obtained at 100 kg N ha 1 Both these we'-c significantly 

superior to the y ie ld  recorded at zero and 50 kg N ha 1

The interaction effect (T a b le  7) between moisture regimes and

levels of nitrogen was also found significant The  flooded r ice
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Table 6. Grain y ie ld  as influent ed by the moisture regime and 
le ve l of nitrogen

. _

Treatment Grain v ie ld  (g pot )

Flooded 5.683

Non-flooded 1 .4 ib

SEm± 0.15

CD (0 05) 0 506

0 kg N ha 1 

50 kg N ha 1 

100 kg N ha-1 

150 kg N ha-1

1.34° 

3 .59d 

3.85® 

a  398

SEm± 0 ?1

CD (0 .05) 0 598

l

Table  7, Grain y ie ld  (g pot as influenced by the interaction 
between moisture reg'r-e  and le ve l  of nitrogen

Moisture regime
Level of Nitrogen i r g  N ha )

0 50 100 150

Flooded 2 . 12a 5./'l b  7 .86C 7.33°

Non-flooded 0 55d

0)oCOX

1.46®

SEm± 0.30
CD (0 .05) 0.846

Values follow ed by the same alphabet are not s ign ifica ntly
different



37

responded better to the mtroge> application than the non-flooded
-j

rice Under the non-floodeo cotiGiUon w m le  the 50 ‘■'g N ha was 

found at par with 100 and 150 kg N ha ] under the flooded condit­

ion both the 100 and 150 kg N ha 1 -were significantly  superior

-1
to zero and 50 kg N ha

4 2 1 2  Y ie ld  of straw (g pot ^

The flooded r ice  recorded a significantly higher straw y ie ld  

than the non-flooded r ice  (Ta ble  8) Among the nitrogen le ve ls ,

100 kg N ha * registered the highest y ie ld  whirh vas significantly 

superior to the y ie ld  recorded at other 'evels Interaction effect

(T a b le  9) was also found significant. While Tne flooded rice

responded favourably to h'qh^ -  &is c* nitrogen, tne non-flooded

rice '-ecorded a decrease at 150 .n j  N ha 1

4 2 1 3  Total d r y  weight (g pot 1)

As in the case of grain and straw y ie ld ,  the flooded r ic e

recorded a significantly  higher d ry  matter production than the

non-flooded r  ice ( T a b le  10). With respect to tne nitroqen le ve ls ,  

100 q N ha*1 recorded the highest d ry  weight. Though th is  was

on par with the straw y ie ld  at 150 kg N ha \  it  was significantly

suoerior to that recorded at 0 and 50 kg N ha The, interaction 

e ffecT was also observed to be s igm fict ' (Ta o le  11) w h u e  the

d r /  weight of flooded r ic e  i '  i ea«e<j v ircr°nse nitrogen



Fuj. 7. Yield o f grain  and straw as in flu en ced  
by N levels and m oisture regim es

Yield of grain /straw  (g /p o t)

6 -

I FL-G □  NF-G IQ  FL-S EH! NF-S

50 100
N levels (k g /h a )

F L - flodded; G - grain yield  
N F - non-flooded; S -  straw yield

150



Ta b le  8 Straw y ie ld  as influenced b> moisture regime and le ve l 
ot nitrogen

Treatment Straw y ie ld  (g pot )
-1

Flooded 6 34®

Non-flooded 5 25b

SEm± 0 19

CD (0 05) 0.545

0 kg N ha 1 2 .7 3 C

50 kg N ha 1 5 69d

100 kg N ha” 1 7 78£

150 kg N ha 1 6 9Sf

SEm± 0 28

CD (0 05) 0 770

Ta ble  9 Straw y ie ld  (g  pot as influenced by the interation 
between moisture regime and le v e l  of nitrogen

Moisture Leve ls of nitrogen (kg  N ha ^)

0 50 100 150

Flooded 3 30a 6 03b 7 .79C 8 21®

Non-flooded 2 . 14d 5 35b 7 ? , C 5 74c

SEm± 0 39
CD ( 0 .0 5 )  1 089

Values fo llow ed by the same a lph a bet not s ig n ific a n tly
d iffere n t
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Table  10 Total d ry  weight as influenced by the moisture regime 
and level of nitrogen

T reatment Total d rv  weight (g pot )

Flooded 11 5 i a

Non-flooded 6 67 b

SEm± 0 39

CD (0 .05} 1I 08

0 kg N ha ^ 4 07 C

50 kg N ha 1 9 29d

100 kg N ha ' 11 62 0

150 kg N ha” 1 11 37e

SEm± 0 55

CD (0 05) 1 53

Table 11 Total d ry  weight (g pot as influenced by the ;

ion between moisture regime and level of nitrogen

m te ra ct-

Moisture regime Level of nitrogen ^kg N ha

0 50 100 150

Flooded

Non-tlooded

5 45a 

2 69°

11 43&

7 16e

13 62C 

9.6

15 54° 

7 21S

SEm±
r o  (0.05)

0 78
2.165

Values followed by the same alpnabQt are not significantly 
diffe' ent
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le ve ls ,  a decrease in the d ry  matter y ie ld  cf non-flooded r ice  

was noticed at 150 kg N ha ^ .

4 2 1 4  Nitrogen content in grain ('’J)

Though the moisture regimes had no significant influence

on the nitrogen content in groin, the N levels had a significant

influence The highest per cent of N was recorded at 100 kg N ha 

whicn was significantly  superior to that recorded ai other levels 

of nitrogen (T a b le  12) Th e  interaction effect was also found

be significant Highest N content in g - a n  was recoroed by the

non-flooded r ice  at 100 kg N ha  ̂ T h is  was on par with that

recorded at 50 kg N ha under the same moisture regime and with

flooded r ic e  supplied w ith  100 kg N ha  ̂ (T a b le  13) .

4 2 1 5  Nitrogen content in straw (%)

T he non-flooded r ic e  recorded a significantly  higher N content 

in the stra w , than the flooded n e e  Among tne nitrogen levels, 

the highest N per cent was observed at 100 ky N ha  ̂ whicn w?s

on par with that at 50 ana lot' i y N ha 1 (T a b le  14) Interaction

effect was also found to be significant The non-nccded - ic e  at

100 kg N ha 1 recorded the highest p e -  cent of in. T h is  was on 

par with that at 50 and 150 kg N ha ’ i ider the same moisture

regimes and 100 kg N ha  ̂ under flooded situation (T a b le  15).
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Table  12. Nitrogen content in gram  as influenced by the moisture 
regime and le ve l of nitrogen

Treatment Nitrogen content (%)

Flooded 1.39

Non-flooded 1 52

SEm± 0 07

CD (0 05) NS

0 kg N ha ^ 0 83°

50 kg N ha ^ 1.62°

100 kg N ha_11 1 97°

150 kg N ha ' 1 38d

SEm± 0 09

CD (0 .05) 0 195

NS -  Non-significance

Ta b'e  '3 Nitrogen content m  gram (%) as influenced b\, the inte r ­
action between moisture regime and le/el ot nitrogen

Moisture regime
Level of nitrogen (kg N ha *)1

L 50 ICO 150

Flooded 1 OtT 1 .i+lb 1 87a 1 .21°

Non-flooded 0.5 8 d 1 84^ Lt » vO 1.57b

SEm± C v
CD (0 05) 0

Values followed by the same alphabet are ro t s ign ifica ntly
different
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Table  14 Nitrogen content m straw as influenced by the moisture 
regime and level of r .t ro g e 0

Treatment Nitrogen content (%)

Flooded 1 12a

Non-flooded 1 47 b

S£m± 0 .08

CD (0 05) 0 .236

0 kg N ha ^ 0 66°

50 kg N ha ' 

100 kg N ha_1 

150 kg N ha-1

1 ,,42d
, d1 71

d
1 39

Stm± 0. 12

CD (0 05) 0 333

Table 15 Nitrogen content in (%) as influenced Dy the inter­
action between moist re regime and level ot nitrogen

Moisture regime
Lev el of -,i t r'ogen (kg N ha 1)

0 50 100 150

Flooded 0 79a 0 95a 1 55bc 1.16aC

Non-flooded 0 .5 2 d 1.87b 1 87b 1.62b

SEm± 1 17
CD (0 05) 0 472

Values followed by the same alphabet are not significantly 
different
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4 .2 .1 .6  Nitrogen uptake by gram {mg pot ' )

The moisture regimes an<J nitrogen levels (Ta ble  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 grain uptake of N was recorded at 100 kg N ha ' 

which was sigm ficantlv 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 significantly superior to that at 0 kg N ha ' .

The interaction effect between moisture regimes and nitrogen 

levels was also found to be significant (Table  1 7 j. The highest

N uptake was observed by flooded rice  at 100 kg N ha '  which 

was significantly superior to that recorded at a ll other levels,

under both the moisture regimes “ r,e gram N uptake by the flooded 

rice at 50 and 150 kg N ha" though on par wac significantly 

superior to the grain nitrogen uptake of r .o r -rloode<j rice at all 

the levels of nitrogen.

4 2 .1.7 Nitrogen uptake by straw (mg pot ' )

The moisture regimes had no significant influence on the 

N uptake by straw (Table  18). Among the N level also, 100 kg 

N ha” ' recorded the highest uptake. The interne ion effect was

not founa significant.
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Table 16. Nitrogen uptake by g-ain as influenced by the moisture 
regime and level of nitrogen

T  reatment Nitrogen uptake (mg pot ^)

Flooded 79.903

Non-flooded 24.29b

SEm± 3.57

CD (0.05) 9.91

0 kg N ha~1 12 41C

50 kg N ha ' 54.67d

100 kg N ha ' 8 5 .54e

150 kg N ha-1 5 5 .77d

SEm± 5.06

CD (0.05) 14.02

Table 17. Nitrogen uptake by grain ( 
by the interaction between 
or nitrogen

mg pot ^) as influenced by 
moisture regime and level

aj a Level Moisture regime
of nitrogen (kg N ha - 1)

0 50 100 150

Flooded 21 62de 76.92b 132.573 88.50b

Non-flooded 3.19® 32.42cd 38.50° 2 3 .50d

SEm± 7.15 
CD (0.05) 19.82

Values followed by the sam- alphabet m'e not significantly
different
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Table  18 Nitrogen uptake by straw as influenced by the moisture 
regime and level of nitrogen

Treatment Nitrogen uptake (mg pot )

Flooded 73 92

Non-flooded 87 ^6

SEm± 6 39

CD (0 05) NS

0 kg N ha 1 18 GS3

50 kg N hg 79 20

100 kg N ha_1 13C 86°

150 kg N h a " 1 94 01b

SEm+ 9 05

CD (0 05) 25 08

NS -  Non-5ignificdn.'e

Values followed by the same alphabet are rox ej-ynficantly  
different

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

Treatment Nitrogen uptake (mg pot ^)

Flooded 153 48a

Non-flooded 111 52b

SEm± 8.15

CD (0.05) 22.59

0 kg N ha 1 

50 kg N ha ' 

100 kg N ha-1 

150 kg N ha ^

30.311

133.88d

216.03s

I49.78d

SEm± 11.52

CD (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 )

The moisture regimes had a significant influence on total 

N uptake, the flooded rice recorded a much higher y ield  than the 

non-flooded rice (Ta ble  19). Among tne N levels 100 kg N ha 

recorded the highest total uptake which was significantly superior

to that observed at other levels of nitrogen. The interaction effect 

was not found significant.

4 2 2 Nitroger recovery and forms of absorption of nitrogen as 

influenced by moisture regimes, levels of nitrogen and the 

s p l i t  method of application, using the alternately labelled

urea

T h is  part of the study includes two sections. In the f irs t

sec Lion, the influence of moisture regimes and levels of nitrogen 

on % Ndff, % Ndfs, N recovery "d  jptake to molecular urea were 

studied using the alternately labelled urea, disregarding the effect 

of s p lit  application. In the second section trie influence of the 

*timing of N application (s p l i t  method of application) on the relative 

uptake of forms of nitrogen was studied.

In the original set of treatments each level of N was

applied m  two equal s p lits ,  when the f irs t  s p lit  was applied basally

as 1ihC labelled urea, the second s p lit  was applied as top dress

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

* Th is  is also referred to as method of aoolication in some parts

of this dissertation.

_1
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15 14was also applied as N labelled urea basally and C 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 labelled urea or ^ N  labelled urea for a particular

level of nitrogen from top and basal dressing was calculated. Thus

there were 6 treatments (2 moisture regime and 3 levels of nitrogen)

and it was analysed in 2 x 3 factorial C .R .D .  with ^ reolications.

4 2 2 1 Percentage Ndff and percentage Ndfs

Disregarding the s p lit  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 (Ta ble  20, 2 1).  The % Ndff increased with increasing

levels of nitrogen application. A reverse trend was observed in 

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

4 .2 .2 .2  F e rt i l iz e r  N uptake (mg pot ^)

4 2 .2 .2  1 Effect of moisture regimes and levels of nitrogen

Flooded rice recorded a significantly higher N uptake than 

the non-flooded rice (Ta ble  22) Among the N levels, higher fe rt i l ize r
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Table  20. Ndff(%) as influenced by moisture regime and level of 
nitrogen

Treatment Ndff {%)

Flooded A3.43

Non-flooded 42 93

SEm± 0 93

Cd (0 .05) NS

50 kg N ha_1 3 3 . 10a

100 kg N ha ^ 44.69

150 kg N ha- '1 51 73°

SEm± 1 14

CD (0 05) 2.775

NS -  Non-significance

Values followed by the same alphabet are not s ign ifica ntly  d ifferent
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Table  21. Ndfs (%) as influenced by moisture regime and level of 
nitrogen

Treatment Ndfs (%)

Flooded 56.57

Non-flooded 57.07

SEm± 0.93

CD (0 .05) NS

50 kg N ha ' oo 893

100 kg N ha-1 55.30b

150 kg N h a " 1 48.26°

SEmt 1.14

CD (0.05) 2.775

NS -  Non-significance

Values followed by the same alphabet are not s ign ifica n tly  different
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Table  22 F e r t i l i z e r  N uptake as influenced by moisture regime 
and level of nitrogen

Treatment F e rt i l i z e r  N uptake (mg pot "*)

Flooded 82.45a

Non-flooded 61 79b

SEm± 5 51

CD (0 .05) 16.37

-1 . „ c
50 kg N ha 41.38

100 kg N ha 1 98. 5f>d

150 kg N ha ' 76 426

SEm± 6.74

CD (0 .05) 20.05

Values followed by the same alphabet are not s ign ifica ntly  different



Ftig.8.Fertiliser N uptake by rice as 
influenced by moisture regime,level of 

nitrogen and method of application

1 0 0

80

Fe rtilise r N uptake (m g/pot)

Ifl-b CZIfl-t SISnf-b EZDnf-t

N level (kg/ha)
FL-flooded; NF-non-flooded;

T- half top dress;B- half basal dress
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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 interaction affect was found non­

significant .

4 2 2 .2 .2  Effect of s p l it  application

It was observed that fe rt i l ize r  nitrogen uptake from the 

top dressing was significantly higher than that from the basal 

dressing. However, its interaction with moisture regime was not 

found significant (Table  23).  However, i t  was found that though 

non-significant, the fe r t i l iz e r  nitrogen uptake by the flooded rice 

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

rice from top dressing.

The interaction effect between method ot application and

nitrogen levels was also not significant (Table  2^) . However, the
-1

highest f e rt i l iz e r  nitrogen uptake was noticed at 100 kg N ha

when top dressed and the least uptake was noticed from the
-1

basally applied N at the rate of 50 kg ha

The three way interaction effect among the moisture regimes, 

levels of nitrogen and methods of application was also found non­

significant (Table  25).  The highest uptake though non-significant
- 1

was recorded by the flooded rice at 1 0 0  kg N ha applied as 

top dressing.

-1



Table  23. F e r t i l i z e r  N uptake as influenced by the interaction 
between moisture regime and level of nitrogen

Moisture regime
F e rt i l i z e r  N “ 1uptake (mg pot )

Half basal '^N Half top_ dress ^ N

Flooded 34.08 48.33

Non-flooded 28.34 33.44

Mean 3 1 .2 ia 40.88b

Method of application SEm± 2 417 CD (0 05) 6.85

Moisture regime x 
method of application

SEm± 3 49 CD (0 05) NS

Table  24 F e r t i l i z e r  N uptake influenced by 
between le ve l of n n  jgen and method

the interaction 
of application

Level of nitrogen F e rt i l iz e r  N uptake 1 mg pot ^)

(kg N ha )
Half basal 15N Half to p -d re s s

50 20.07 21.32

1 0 0 38.55 60.19

150 35.22 41 14

Mean 31.21® 40.88b

Method of application SEm± 2.47 CD (0 .05) 6 85

Level of nitrogen x 
Method of application

SEm± 4.28 CD fO.05) NS

NS -  Non-sign,JTcance 

Values followed by the same alphabet are rot significantly different



Ta ble  25. F e rt i l iz e r  N uptake as influenced by the interaction between moisture regime, level 
of nitrogen and method of application

Level of nitrogen _____________________   F e rt il ize r  N uptake (mg pot~1) ___

(kg N ha- 1 ) Flooded Non-flooded

Flalf basal ^ N  Half top -dre ss  ^ N  Half basal Half top -dress  ^ N

50 17.84 22 79 22.29

100 42.84 70 74 33 87

150 41.57 6 i 46 28.87

" SEm± b705 ' " CP (0 05) NS

NS -  Non-sign iicance

cn
rT-.

19.85 

49.65 

30 82



4 2 2 3  Nitrogen recovery  (%)

4 2.2 3.1 Effect of moisture regimes and levels of nitrogen

The flooded r ic e  recorded a significantly  higher recover y

of N than the non-flooded rice  (T a b le  2 6 ).  The different N levels

also had a significant influence on the re covery  of N The highest

recovery  of N observed at 100 ky N ha though was on par with 
_ 1

50 kg N ha was significantly  superior to +hat 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 s p l i t  application

It  was observed that the method of application had a sign i­

ficant influence on the % re co v e ry .  Th e  top dressing recorded a 

significantly higher % recovery than the basal applj.cauon. Th e  

interaction between method of application and moisture regimes was 

not significant (T a b le  2 7 ) .  Though non-sigm ficant, the top dressed 

flooded r ice  recorded a higher ? re covery (40%) than the basally 

applied flooded rice  (28%)

The  interaction between method of application and levels 

of nitrogen was also not significant (T a b le  2 8 ) .  However, 100 kg 

N ha- 1  when top dressed recorded the highest % recovery  of 48%. 

The interaction between method of application, le ve l  of nitrogen 

and moisture regimes was also not significant (T a b le  2 9).



56

Table  26 Nitrogen recovery  as nriue^ced by the moisture regime
and level of nitrogei

T reatment Nitrogen recovery (%)

Flooded 34.269

Non-flooded 27 6 8 b

SEm± 2  06

CD (0 05) 6 15

50 kg N ha ' 33 11d

100 kg N ha_ 1 39 42d

150 kg N ha ' 20.38°

SEm± 2.53

CD (0 .05) 7.53

Values follow ed by the same a lp r  ibef are not s 'g n iru  an ti'' differeru
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Table 27. Nitrogen recovery {%) as influenced by the interaction 
between moisture regime and method of application

Moisture regime Nitrogen irecovery (*)

Half basal 15N Hchf top-dress 1̂ N

Flooded 28.33 40.18

Non-flooded 26 05 29.30

Mean 27 T9d 34.74b

Method of application SEm± 2.10 CD (0 05) 5.82

Moisture regime x 
Method of application

SEm± 2.96 CD (0.05) NS

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

Level of nitrogen 

(kg N h a "1)

Nitrogen recovery (%)

Half basal 15N Half top-dress

50 32.11 34.11

1 0 0 30.69 48.15

150 18.' ’ i 2  1.98

Mean 2 "  l9a 34.74b

Method of application SEm= 2.10 CD (0.05) 5.82

Level of nitrogen x SEm± 3.63 CD (0 .05) NS
Method of application

NS -  Non-significance

Values followed by the same alphabet are not significantly different



T a b l e  29. Nitrogen re c o v e ry  as influenced the inte ra ctio n  between moisture re gim e , le v e l  of 
nitrogen and method of a p p licatio n

L e ve l

(k g

of nitrogen 

N ha- 1 )

Nitrogen re c o v e ry  (%)

Flooded Non-flooded

H a lf  basal 15N Half to p -d r e s s  ^ N Half basal ^ N Half to p _ d re s s  ^ N

50 28.55 36.45 35.66 31.76

1 0 0 34. ?7 56.59 27.10 30.70

150 22.17 27.51 15.40 16.44

SEm± 5.14 CD (0 .0 5 )  NS

NS - N on-significance
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4 .2 .2 .4  Molecular absorption of ur<?u N ( ug pot

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

It was observed that there was many fold increase in the

uptake of N as molecular urea by the flooded r ice , compared to 

non-flooded rice  (Table  3 0 ).  Among the different levels of nitrogen, 

the molecular absorption of urea increased significantly with 

increase in levels of nitrogen. The interaction effect (Table  31)
f

between moisture regimes and levels of nitrogen was also significant. 

While there was a steady and sigrificant increase i "  molecular 

absorption with increase in the levels of nitrogen by the flooded 

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

flooded rice .

4 .2 .2 .4 .2  Effect of s p lit  application

The method of application had a significant influence on 

the absorption of nitrogen as molecular (Table  32). Molecular absor­

ption from the top dressed u^ea was found significantly higher 

than that from the basal dressed urea. Its interaction with moisture

regimes was also found significant (Ta ble  3 2 ).  The highest

molecular urea nitrogen uptake (368 yug pot ')  was recorded by 

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

basal dressed non-flooded rice (5 Aig pot 1) .
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Table 30. Absorption or molecular urea N as influenced by the 
moisture regime and .evel of nitrogen

Treatment Molecular ure« N ( ^>y pot ^)

Flooded 58l.60a

Non-flooded 13.51b

SCm± 14.40

CD (0.050 42.79

50 kg N ha 1 

100 kg N ha~ 1 

150 kg N ha - 1

122.39C 

323.35d 

446.92s

SCm± 17.64

CD (0.05) 52 41

Table 31. Absorption of molecule urea N < pq  pot ' as influenced 
by the interaction between moisture regime and level 

_  of nitrogen

Moisture regime Level of nitrogen (kg N ha ^
50 1 0 0 15C

Flooded 233.68a 6 3 3 .18b 877.94c

Non-flooded 1 1 . 1 0 d 13.52d 15.90d

SEm± 24.94 CD (0 05) 74 12

Values followed by the same alphabe* are not sign nca n tly  different



61

1 able 32. Absorption of molecular urea N as influenced by the 
Interaction between moisture regime and method 
of application

Moisture regime Molecular urea N ( /Jg pot 1)

Half basal 1̂ C Half to p -d re s s  ^ C

Flooded 213.97a 368.46b

Non-flooded 4.60° 8.91c

Mean 109.29d 188.69®

Method of application

Moisture regime x 
Method of application

SEm± 7.04 

SEm± 11.23

CD (0 .0 5 )  22.0 

CD (0 .0 5 )  31.12

Table 33. Absorption of molecular urea 
interaction between level of 
application

N as influenced by the 
nitrogen and method of

Level of nitrogen Molecular urea N ( >ug pot ^)

(kg N ha ')  1 4  
Half basal C Half to p -d re s s  ^ C

50 54.80s 57 59a

1 0 0 1 2 2 . 6 6 b 2 0 0 . 6 8 °

150 150.39b 297.78d

Mean 109 298 188.69f

Method of application SEm± 7.94 CD (0 .05) 22.0
Level of nitrogen x SEm± 13.75 CD (0 .05) 38 12
Method of application

Values followed by the same alphabet are no*- s ignificantly  different
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T a b le  34 A b s o rp tio n  of molecular urea N ( |Ug pot ^ ) as influenced b y  the interaction between 
moisture re gim e , le v e l  of nitrogen and method of a pp lication

L e v e l  of nitrogen 

(k g  N ha ^)

Molecular urea N ( ug pot 1)

Flooded Non-flooded

Half basal 1AC Half t o p -d r e s s Half basal
14 14 

C Half to p -  dress C

50 104.8 l a 128.873 4 .79f 6.3 1 f

1 0 0 2 3 9 .71b 3 9 3 .47C 5 .6 2 f 7 90f

150 2 9 7 .40d 583.04e 3 .3 8 f 1 2.52f

SEm i 19.44 CO (0 .0 5 ) 53.90

Values follow e d by the same a lph a be t are not s ign ifica ntly d iffere nt

cn
ro
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The interaction effect between the methods of application

and the levels of nitrogen was also found significant (Ta ble  33).

The highest molecular urea N uptake was observed at 150 kg N

ha 1, when applied as a top dressing T h is  was significantly higher

than that recorded at a ll  other treatments. The second highest

“ "Juptake was noticed at 100 g N ha , applied as top dressing. At

50 kg N ha 1, the s p lit  application d id  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
_i

rice top dressed with 150 kg N ha . 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
-1

Influence was observed at 50 kg N ha Quite 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 nitrogen

It was observed that the flooded rice absorbed a s ignifi­

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

(TabLe 3 5).  Among the different levels of nitrogen, the highest
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Ta ble  35 Percentage absorption of molecular urea N as influenced 
by the moisture regime and le ve l  of nitrogen

Treatment Molecular urea N (%)

Flooded 0  73a

Non-flooded 0 . 0 2 b

SEm± 0.03

CD (0 .05) 0.114

50 kg N ha ' 0 . 32C

100 kg N ha ^ 0 29C

150 kg N ha" 1 0 .5 2 d

SEm± 0.04

CD (0 .05) 0.14

Table  36. Percentage absorption of molecular urea N 
by the interaction between moisture regime 
of nitrogen

as influenced 
and level

Moisture regime
Level of nitrogen (kg N ha 1 )

50 1 0 0 150

Flooded 0.62a 0.56a 1 . 0 0 b

Non-flooded 0 .0 3 C 0 . 0 2 ° 0.03°

SEm± 0.06 CD f0.05) 0.198

Values followed by the same alphabet are not significantly  different
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% absorption of molecular urea N was noticed with 150 kg N ha 

followed by 50 kg N ha” 1, which was on par with that at 100

kg N ha 1. The interaction effect (Ta ble  36} of levels of nitrogen

with flooded and non-flooded systems was also significant. Flooded 

rice with 150 leg N ha 1 recorded the highest % absorption of mole­

cular urea N. The percentage absorption of molecular urea by the 

flooded rice at 50 and 100 kg N ha 1 were at par. With increase

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

tion of molecular urea N by non-flooded rice .
9

4 .2 .2 .5 .2  Effect of s p lit  application

It was observed that the % absorption of molecular urea 

N from the top dressing of 14C urea was s igm fica rt ly  higher than 

that from basal dressing. I t 's  interaction with moisture regimes

was also found significant (Ta ble  37),  The highest % uptake was

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

dressed non-flooded r ice .

The interaction between toe method of application and the 

levels of nitrogen was also found significant (~abie 38) The highest 

% molecular urea absorption was registereo at 150 kg N ha 1, when 

applied as a top dressing This  was significantly nigher than that

recorded at a ll  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 <J molecular urea N as influenced 
by the interaction between moistuhe regime and 
method of application

Moisture regime Molecular urea N (ft)

Half basal ^4C Half top dress 14c

Flooded 0 49a 1.09b

Non-flooded 0 . 0 2 C 0.04°

0 .2 5 d 0.56®

Method of application SEm± 0.04 CD (0 .05) 0. 1 1 1

Moisture regime x 
Method of application

SEm± 0.05 CD (0 .05) 0. 157

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

Level of nitrogen Mcionular urea N (ft)

(kg N ha 1) Half basal 1*c Half top dress 14c

50 0.289 0.39bc

1 0 0 0  18a 0.51b

150 0 30SC 0 77d

0.25e 0 . 56f

Method of application SEm+ 0 04 CD (0 05) 0.114

Level of nitrogen x SEm± 0.06 CD (0.05) 0.193
Method of application

Values followed by the same alphabet are not significantly different



Ta b le  39. Percentage absorption of molecular urea N as influenced by the interaction between 
moisture regime, le ve l of nitrogen and method of application

L e ve l of nitrogen 
(k g  N ha 1)

Molecular urea nitrogen (%)

Flooded Non-flooded

Half basal 14C Half top dress Half basal 1ZkC Half 14top dress C

50 0.53 d .75 0.03 0.03

1 0 0 0.34 0  °9 0.09 0.03

150 0.60 1.52 0 . 0 1 0 05

SEm± 0 09 CD (0 .0 5 )  NS

cn
- o
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recorded at 50 kg N ha '  as top dressing The 3 way Interaction 

was found non-signifcant (Ta ble  39).

4.2 2.6 Absorption of N in forms other than molecular urea (mg pot

4.2 2.6.1 Effect of moisture regimes and levels of nitrogen

The flooded situation recorded a higher absorption of N 

in forms other than molecular urea (Ta ble  40).  Among the different 

N levels, 100 kg N ha  ̂ recorded the highest. It was observed 

that there was a significant decrease in the absorption of nitrogen 

in forms other than molecular ure i as the level of N was increased 

to 150 kg ha~^ from 100 kg fa 1. The interaction effect was not 

significant.

4 2 2 6 2 Effect of sp lit  application

It was observed that absorption of nitrogen m forms other 

than molecular urea from the basal application was significantly 

higher than that from the top dressing (Table  4 1 ).  However, its 

interaction with moisture regimes was not significant (Table  41).  

Though non-sigm f icant, the basaly dressed flooded rice registered 

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

The interaction- between method of application and nitrogen

levels was also not significant ( fa b le  42). The highest uptake in

forms other than molecular urea was registered at 100 kg N ha 1

-1
when basal dressed Though non significant, at 150 kg N ha ,
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Table  40. Absorption of N m  forms other than molecular urea as 
influenced by the moisture regime and le ve l  of nitrogen

Treatment N in forms other than molecular urea
(mg pot- 1 )

Flooded 8 1 .87a

Non-flooded 61.77b

SEm+ 5.50

CD (0 .0 5 ) 11.34

50 kg N ha- 1 41.26C

100 kg N ha- 1 98.23d

150 kg N ha" 1 75.96®

SEm± 6.74

CD (0 05) 2 0 . 0 2

Values follow ed by the same alphabet are not s ign ifica ntly  different
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Ta ble  41 Absorption of N in forms other than molecular urea, as 
influenced by the interaction between moisture regime 
and method of application

Moisture regime
Nitrogen in forms othe" than molecular urea N 

(mg pot-  )

Half basal 14c Half top dress 14C

Flooded 48.15 38.71

Non-flooded 3 3 .4A 28.34

Mean 40.80" 31.02°

Method of application SEm± 2.47 CD t0 .05; 6.85

Moisture regime x 
Method of application

SEm± 3.49 CD (0 05) NS

NS -  Non-significance

Table  42. Absorption of N in forms other thar molecular urea, 
as influenced by the interaction between le ve l of nitrogen 
and method of application

Level

(kg

of nitrogen 

N ha 1)

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

Half basal 14c Half top dress 14C

50 21.26 2 0 . 0 0

1 0 0 60.07 38.16

150 4 1 .L5 34.92

Mean 40.J80E 31.02b

Method of application SEm+ 2 47 CD (0 .0 5 )  5.85

Level of nitrogen x SEm± 4 28 CD (0 .0 5 )  NS
Method of application

NS -  Non-significance 

Values followed by the same alphabet are not significantly  different



T a b le  43. Absorption of nitrogen in forms other than molecular urea as influenced by the 
interaction between moisture regime, le ve l  of nitrogen and method of application

L e ve l of nitrogen 

(Kg N ha 1)

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

Flooded Non-flooded

Half basal 14C Half top dress 14C Half basal 14C Half top dress 14C

50 2 2 . 6 8 17 71 19.b5 22.29

1 0 0 70.50 42. 45 49.65 33.86

150 51.29 40 99 30.82 28.86

SEm± 6  05 CD (0 .0 5 )  NS

NS -  Non-significance
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1Z

the absorption of N in forms other than molecular urea was compara-
_1

tiv e ly  lesser than that at 100 kg N ha under both the methods 

of application. The three way ’ interaction effect among the moisture 

regimes, levels of nitrogen ara methods of application was also 

found non-significant (T a b le  43).

4 2.2 7 Percentage absorption of N m  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 significantly higher in non-flooded situation (Table  44).

Among the N levels, 50 kg N ha-1 recorded the highest absorption, 

which was on par with that recordeo at 100 kg N ha ^ . The inter­

action was alaO significant (Table  ^ 5 ) .  In the flooded situation, 

the % absorption at 100 kg N - a -1 was on oar with that at 50 

kg and the least % absorptior s noticed at 150 kg N ha ^ . Under 

the non-flooded situation there vas no significant difference among 

the N levels

4.2 2.7.2 Effect of s p l i t  application

The method of application had a significant influence on

the % absorption of N in forms other than molecular urea ( ie . ,  

NH* and NO^ forms) (Ta ble  46) The ba^al application registered 

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

regimes and method of application (Table  46) was found significant.
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Table 44 Percentage absorption of N in forms other than molecular 
urea as influenced by the moisture regime ahd level 
of nitrogen

T  reatment Nitrogen in forms other than molecular 
urea (%)

Flooded 99.27a

Non-flooded 99.92b

SEm± 0 04

CD (0 05) 0.137

50 kg N ha ' 99.6 8 C

100 kg N ha- 1 99.67°

150 kg M ha ' 1 99.45d

SEm± 0.05

CD (0.05) 0.168

Table 45. Percentage absorption of N in forms other than 
urea as influenced by the interaction between 
regime and level of nitrogen

molecular
moisture

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

50 1 0 0 150

Flooded „ 99.38a 99.43a 99.00b

Non-tlooded 99.97° 99.91° 99.89°

SEm± 0.08 CD (0 05) 0 162

Values followed by the same alphabet are not significantly different

co
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Table 46 Percentage absorption of N in torms other than molecular 
urea as influenced by the interaction between moisture 
regime and method of application

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

Half basal Half top dress U C

Flooded 9 9 .50a 98.91b

Non-rlooded 99.98° 99.96°

Mean 99 75d 99.44°

Method of application SEm± 0.04 CD 10.05) 0 111

Moisture regime x 
Method of application

SEm± 0.05 CD (0.05) 0. 15

Table 47 . Percentage absorption of N in forms other 
urea as influenced by the interaction 
of nitrogen and method of application

than molecular 
between level

Level of nitrogen Nitrogen m forms ot he-' than molecular urea (%)

1 kg N ha- ) Half basal u c Half 14top dress C

50 99.72ab 9 9 .6 )aC

1 0 0 99 82b 99 49°

150 99.70ab 99.21d

Mean 99.75 99.44

Method of application SEm± 0 04 CD (0.05) 0 . 1 1 1

Level of nitrogen x 
Method of application

SEm± 0.06 CD (0.05) 0,193

Values followed by the same alphabet are not significantly different



T a b l e  48. Percentage a b so rp tio n  of N in form s o th er than molecular urea as influenced b y  the in t e r ­
action between m oisture regim e, le v e l  of nitrogen and method of a pp lica tio n

Nitrogen in form s other than molecular urea 
L e v e l  of nitrogen ________________________________  _____________________________________________________________

(k g  N ha- 1 ) Flooded Non-flooded

Half basal Half top dress Half basal Half top dress

50 99.46 99 25 99.97 99 9?

1 0 0 99.66 99.01 99 99 99.97

150 99.40 98.48 99.99 99.95

SEm± 0 .09  CD (0 .0 5 )  NS

NS -  N on-significance



76

The highest % absorption was noticed by the basaly applied non- 

flooded rice and it was at par with that observed at the top-dressed 

non-flooded situation. The interaction effect of rqethod of

application and level of nitrogen was also found significant (Table  

47) The least % absorption of nitrogen m other forms was recorded 

at 150 kg N ha ' when to p -dre sse d . The highest % uotake m other 

forms was noticed at basaly apclied 100 kg N ha 1 and it  was

found on par with that recorded at a ll  other N le- els under the

same method of application The three way interaction was not

significant (Ta ble  48)

4.3  Development of Isotope method of urease estimation

The isotope method reported for urease a ctiv ity  determinat-

14ion involves estimatiqn of CO^ evolved during the hy dro lys is

of 14C labelled urea. In one of the earlier  s t-d ie s  cohducted in

this lab, t h i s method failed to give comparable urease a ctiv ity

14due to the poor tapping of C0„ Hence it was decided to

14
estimate the urease a c t iv ity  fro i the -esiduai C labelled urea

remaining after h y dro lys is  ffitfi this objective, a comparison of

this method with the standard non-buffer method wes made using 

six soils . The results of the same are presented l r  the Table 49.

It  was observed that while  the uhease a c t iv ity  by the non-buffer

the urease a c t iv ity  by isotope method ranged from 200-400 yug qrea g

method ranged from 900-1200 jug urea g-1 of soil for a ll the soils,

-1
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Table 49. Urea h ydro lys is  as estimated by isotope method and non­
buffer method following 5 h incubation

Soil Replication Urea hvdrolvsed , - 1  
f A9 q soil)

Isotope
method

Mean Non-buffer Mean 
method

1 0 903

2 0 863
Laterlte 3 0

0 900 880.25

4 855

1 2 2 1 955

2 2 1 1 955
Kole 3 244 231.5 973 961.25

4 250 962
i

1 226 1046

2 302 1046
Kari 3 277 265.75 1003 1049.75

4 258 1024

1 454 1193

2 431 ,230
Kayal 3 416 432 25 ’ 193 1 2 0 1 . 0 0

4 428 1 188

1 ,89 1266

2 1248
Karappadam 3 ’ 97 182.5 1230 1240.00

4 182 1216

1 290 1193

2 216 1 1 0 1
Black cotton 3 293

266.75 1156 1143.50

4 268 1124



T a b le  50. Urea h y d r o l y s i s  as estimated bv isotope method and n on-bu ffe r  method follow ing  prolonged
14incubation w ith  C ut ea

Incubation Replication
Urea h y d r o l y s i s ( /ug urea h y d r o ly s e d  g  ̂ s o i l )

fh ) K a r i B la c k s o i l

Isotope Mean N on-bu ffe r Mqan Isotope Mean N on-buffer Mean
method method

1 346 772 741 1 1 2 0

24 2 396
374 7 9 0 777

708
722 1 1 2 0

1118
3 388 778 726 i 3 4

A 36„ 768 714 i09b

1 392 308 1 1 1 1 1486

48 2 390 360 8 0 8 808 1052
1060 1450

1445
3 339 312 10i9 1423

4 320 305 1028 1420

1 496 826 1610 1780

72 2 *i1 I / r  82£' 46 i 830 1556
1603 1761 1773

3 470 840 1670 1796

4 468 829 1596 1756

“vj
oo
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of soil for different so ils .  In *Tie la te n te  soil the isotope method 

failed to re giste r any urease activ t y .

I t  was then decided to prolong the incubation of soil with 

labelled urea to get a complete h y d ro ly s is  of urea, using the soils 

Kari and Black The data are presented in Table  50. S t i l l  the urea 

h y d ro ly s is  as evidenced by the isotope method was much lower 

than that registered by the non-buffer method.
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DISCUSSION

5.1 Effect of soil submergence on urea h y d ro lys is

In this experiment, the effect of soil submergence for

different intervals on soil urease a ctiv ity  was studied. The soil 

was submerged for 0, 5, 10, 20 ana 30 days ana at the end of

each submergence period, incubation with urea wa« done for 5, 

12, 5>4, 48, 72, 120, 240, 480 and 720 h.

Under non-submergence and for 5 h incubation though the 

black cotton soil registered fhc highest ureasb a c t iv i ty ,  i t  did

not differ much from the urease a c t iv ity  exfubiten by laterite, 

kole and kayal soils (Ta ble  2 and Fig. Tj .  The k a n  soil recorded 

the least urease a c t iv i ty .  Th is  probably was due to the fact that

the kari so.l was strongly acidic (pH 2.5) and acid ity  is known 

to inh ib it  urea hy dro lys is  (Bremner and Mulvaney, 1978). When 

the soil was submerqed a decline m  the urease a ctiv ity  was noticed 

in all soils. Though the decline in urease a c t iv ity  was slow upto 

a submergence period of 10 days, there was almost a 30-40% drop 

in a c t iv ity ,  following submergence period of 20-30 days in all soils 

except kari soil (F ig  1).  The immediate consequence of soil 

submergence is the rapid  depletion of oxygen, and a reduction in 

the Eh which inturn affects the ‘' -a s e  a ctiv ity  According to Pulford 

ana Tabatabai (1988) a strong correlation exists be-ween Eh and
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urease a ctiv ity  and urease a ctiv ity  was decreased following the 

decrease in Eh. In the present study, upon submergence of the

soil there was a decline in the Eh in all soils except k a n  (Table 

4 } .  Th is  could be the reason for the negligible decrease in urease 

a ctiv ity  of k a n  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, complete h y dro lys is  was noticed within

a period of 2-3 days in the cose of all soils except k a n  (Table

3 and Fig 2 to 6 ) T h is  means that the --"ecline in urease a ctiv ity  

following flooding is noticed only in i t ia l ly  and has no longstanding 

effect. In most of the investigations conducted to study the effect 

of soil submergence, soil urease a ctiv ity  was measured for a 5 h

incubation period. From our study it  was evident that though the 

decline in urease a c t iv ity  was there for 5 h incubation period, 

on prolonged incubation no such decline was observed. Several 

workers have also reported that too moisture regime do not have 

much influence on soil urease a ctiv ity  (Skunns ard Me Laren, 1969: 

Delaune and Patrick , 1970; Gould et a l . , 1973).

5 .2  Influence of moisture reqfm'?s and le ve ls  of nitrogen on y ie ld  

d ry  matter production and nitrogen content

In this section the direct effect of - ,itrogen and mpisture 

levels regardless of the source and method of application is

discussed. It  was observed that the yield  of grain apd straw,
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total d ry  weight, N uptake by grain ana the total N uptake by 

the plant were significantly  higher m  flooded r ic e  than m  non­

flooded rice  (Ta ble  6 , 8 , 10, 16, 19 and F ig .  7 ) .  T h is  favourable 

effect of flooding may be due to the increased solubilization and 

a v a i la b i l i ty  of nutrients p a rt ic u la r ly  P, K, Ca, Si 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 r ic e  by the flood water etc Sim ilar 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 j.can1' effect on gram  nitrogen content 

and N uptake by straw , the str^w iti content was significantly  higher 

in the non-flooded r ice  (T a b le  7-rl T h is  probably \as due to the

low d ry  matter accumulation oy the non-flooded r ice  and the N 

taken up by the plant got accumulated m  the lim ited  portion of 

the vegetative tissues resulting in a high concentration of N. For 

the same reasons, the straw N uptake by the non-flooded rice

though non-significant was s l ig h t ly  higher than that of flooded 

rice

Among the N le v e ls ,  though the gram  yie id  at 100 kg N 

ha 1 and 150 kg N ha ̂  were found at par (Tabj.e 6 ) ,  plant d ry

weight, straw y ie ld ,  55 of N in gram  and straw, the total N uptake

by the plant were found signif-<'dntly higher at 1 0 0  kg N ha ' than 

that at a l l  other levels  (T a b le  10, 12, 1A and 19). In several



other studies also the optimum dose of M to rice  was found to 

range from 90-110 kg ha  ̂ (Meera, 1986; Surendran, 1985; V a i ja y a n th i , 

1986). In a study conducted by Singh et  ̂ al  ̂ (1978), it was observed

that for the r ice  va rie ty  Jaya, the optimum le ve l  of N was 100

-1  -1  kg N ha Application of N at levels  higher than 90 kg ha was

found to induce more vegetative growth and there by lower grain

y ie ld ,  in a study conducted at A g ricu ltu ral Research Stat'on, Mannuthy

(L a t i r ,  1982). The interaction effect between moisture regimes and

N levels was also found significant. It was observed that the flooded

rice  responded better to N a ' o l ’ cation than the non-flooded rice

(T a b le  7) The  favourable  e*. 'Ct produced on flooding the soil

has already been discussed

5 .3  Influence of moisture regimes, le ve ls  of nitrogen and s p l it

method of application on N re c o ve ry  and forms of N absorption 

using the alternately labelled  urea 

5 3.1 Percentage absorption of f e r t i l i z e r  nitrogen and soil nitrogen 

(% Ndff and % Ndfs)

Though the two different moisture regimes d id  not show

any significant difference with respect to the re la tive  contribution 

of soil and f e r t i l i z e r  nitrogen, the d i fferen+ N leveis had a s ig n ^ n -  

cant influence (T a b le  20, 2 1 ).  When the f- levels were increased

(from 50-150 kg N ha_1) th contribution from the fe rti l ize r

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

% Ndff T h is  would mean that the dependence of plant on native

S 3
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nitrogen decreased considerably (from 66.9 to 48.2%). Azam et̂  al_. 

(1991) reported a contribution r r  25.1 -  28.6% by ferti l izer N to

the total plant nitrogen under flooded field conditions. In the present 

study, it 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, originated 

from soil.  The reason for increased dependence on soil nitrogen 

as explained by Shiga annd Ventura (1976) is that, ferti l izer  is 

a short lived source of N (unless it is conserved through microbial 

immobilization), whereas the soil supplies N continuously and thus 

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

5.3.2 F e rt il ize r  N uptake

5.3.2.1 Effect of moisture regimes and N levels

The ferti l izer  N uptake was significantly higher by the

flooded rice than by the non-flooded rice (Table 22 and Fig. 8 ) .

The ferti l izer  N uptake is computed from % Ndff and total N uptake. 

As *he N uptake was much higher m the flooded rice (Table 19)

the same trend was obtained with respect to ferti l izer  N uptake 

also

Though the % Ndff was higher at 150 kg N h a  \  the highest
- 1

ferti l izer N uptake was recorded at 100 kq N ha . As m the case 

of the effect of moisture regimes the highest total N uptake was 

recorded at 100 kg N ha- 1  (Table 19) which in tu. n led to a high
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f e r t i l iz e r  N uptake. The  lnterac*’^  effect between moisture regimes 

and N levels were found non-s ignificant.

5 3 .2 .2  Effect of s p l i t  application

As m  the case of moisture regimes and N le ve ls ,  the method

of application exhib ite d  a significant influence on fe r t i l i z e r  N uptake. 

The f e r t i l i z e r  N uptake was significantly  higher from the top dress­

ing than from the basal dressing (T a b le  2 3).  T h is  is mainly due 

to the fact that the basal dressing was done to the rice  at its

seedling stage when the root system was not well established. At

the time of the top dressing r ice  plants would be having a well 

developed root system, which could be the reason for the higher  

f e r t i l iz e r  N uptake. The  interact) rn of method of application with 

moisture regimes and levels  of utrogen was found non-significant

(Tables 23, 2 4 ) .

5 .3 .3  Nitrogen re covery (%)

5 3 3 1 Effect of moisture regimes and N levels

The  flooded r ice  recorded a significantly  higher re cove ry

of nitrogen (34%) than the non-flooded rice  (28%) (T a b le  2 6).  It

is but natural that the flooded r ic e  recorded a higher % of N

recovery as the flooded r ic e  had "ecorded a significantly  higher 

f e r t i l iz e r  N uotake and d ry  matter production ( T ables 10, 22) .

However, many studies conducted on the losses of nitrogen and
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its recovery  by r ice  plant have indicated that both denitrification

and ammonia vola til iza tion  are substantial from flooded rice  soils 

(De Datta, 1981) Inspite  of this fact in the present study N

recovery is much higher from the flooded rice  than from the non-

flooded r ic e .  T h is  indicates that the denitrification and v o la t i l iza t ­

ion losses under the upland conditions (non-flooded) are comparable 

with that under flooded conditions. Th e re  is a s ligh t p o s s ib il ity  

for a higher vo la tiliza tion  loss of ammonia from the non-flooded

soil if  the NH^ loss is in any way linked with the evaporation 

loss of moisture. However, m  one of the e a rlie r  studies conducted 

by Chao and Kroontje (1964) it was observed that the rate of

ammonia vola tiliza tion  and of water vapour from some soils followed

different functions. As already mentioned, the main reason for better 

recovery of applied N by the flooded r ice  is its robust growth

noticed throughout the various growth stages.

Among the N le v e ls ,  the highest recovery was noticed at

100 kg N ha- 1  and there is a considerable reduction m  the re covery  

when the N level was increased to 150 kq N ha (T a b le  26).  It 

has already been observed in the present study that the rice 

growth and y ie ld  is at its best at 100 kg N ha ^ . Also it is at

th is  le ve l  that the highest f e r t i l i z e r  im uptake was noticed. 

However, at the highest le ve l of nitrogen i e . ,  150 kg ha 1, a s ign i­

ficant decrease in the N recovery w'as noticed. S im ilar decrease
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by Rajale and Prasad (1973) also,

5 3 3.2 Effect of sp lit  application

The recovery of the applied N from the top dressing was

significantly higher than that from basal dressing (Ta ble  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 is the better developed root system, especially the superficial

secondary root system. Another reason probably is the high N

requirement by the rice plant at this stage In a study conducted

by Yanagisawa £t al_ (1967) in Japan, it was observed that as

much as 55% of the N applied 15 days before heading was used

by the plant and only 7%, when n was applied as basal dressing.

In studies conducted at IRRI ai‘ the highest efficiency of N use

for a medium duration rice vanexy was observed when fe rt i l ize r

~1
N was applied, at half of the optimum rate (60 kg N ha ) ,  just

before panicle initiation (De Datta et a u , 1969). In the present

study the interaction of method of application with moisture regimes

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

5 .3 .4  Molecular absorption of urea 

5 3  4 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

in N recovery following increase in N levels had been reported
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the u rea  N u p ta k e  ( T a b le  30) and % a b so rp tio n  of m olecular urea N 

( T a b le  3 5 ) .  With respect to the % a b sorp tion  of N in forms other 

th a r  m olecu lar u re a ,  the non-f loode d  r ic e  had re corded a h ig h e r  

v a lu e  than the flooded r ic e  ( T a b le  4 4 ) .  Th e  h ig h e r  a b sorp tion  of 

m olecu lar u re a  u nde r the flooded co n d itio n  could  be due to the

decline  in the urease a c t iv i t y  upon f looding  the s o i l .  Th e re  are 

d iv e rg e n t  f in d in g s  on the effect of w ater level on the urease

a c t i v i t y .  W hile some w orkers  h a ve  ■ eported that urease a c t iv i t y  is

unaffected by w ater level (S k u j in s  and Me L a re n ,  1969, Delaune and

P a t r i c k ,  1970, Gould et a \_., 1973). S e ve ral o th er w orkers  have

reporte d  a decrease in u re a '- j=- a c t iv i t y  upon f looding  the s o i l .  

P uJford  a n d  T a b a t a b a i  (1988) o b c t - ved that urease a c t iv i t y  decreased 

m w a te r  logged soil and was s ig n if ic a n t ly  c o rre la te d  w ith E h .  

S a ra s w a th i  et a l .  (1991) in th e ir  stu dy on the effect of moisture

regimes on urease a c t iv i t y  obse rved  a complete cessation of urea 

r y d r o ly s i s  fo llo w ing  f lo o d in g .  The  re sults  o b ta in e d  in this 

in v e s tig a t io n  ( T a b l e  2) also ind icate  that there is at least a decline 

in urea h y d r o ly s i s  in flooded soils  which must h a ve  resulted  in 

the m ole cu la r  a b so rp tio n  of u re a .  T h e  fact that r ice  p la n ts  are 

c a p a b le  of a b s o rb in g  N in the m olecu lar  form has been weU

e sta blish ed  (M itsu i  and K u r i h a r a ,  1962, S a ra s w a th i  et_ a L  , 1991).

A c c o rd in g  to Mitsui and K u r i h a r a ,  u rea  taken up th ro u g h  the r ic e

roots is conve rted  into ammonium c a rb o n a te  by urease at a slower 

rate  than it is a b s o rb e d . T h i s  ri ay result  m the accu m u la tion  of 

urea in the r ic e  roots p r o h i b i t i n g  fu rth e r  u re a  a d s o rp tio n .
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It  is assumed that the quantity of the radiolabel recovered

in the plant is e n tire ly  due to the absorption of urea in the

molecular form The reactions involved in the h y d ro ly s is  of applied

urea in the soil lead to the evolution of COg as an end product

14besides the ammonium. When C urea is applied to the so il,  it

14is therefore l ik e ly  that CC^ w i l l  be evolved which can be absorbed

by the foliage or can be converted into other forms in the soil

which may be absorbed by the plant. Since it  has already been

shown that the r ice  plant can absorb molecular urea through roots

(Saraswathi et_ a l . ,  1991) and that the quantity of N so absorbed

is ve ry  l i t t le  (Table s  35, 36, 3n , 38 ana 3 9),  i t  may be safely

1 4concluded that the quantity of C label observed in the plant 

in the present study represents aosorDtion of moleculai urea. The 

molecular absorption of urea has also been reported in wheat by 

Bradley et_ a K  (1989). In th is  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 le ve ls ,  the highest absorption of urea was 

observed at 150 kg N ha 1 (T a b le  3 0 ),  despite the fact that the 

N uptake and recovery  was maximum at 100 kg N ha  ̂ T h is  is

mainly due to the fact that at 150 kg N ha \  higher amount

urea was present in the s o i l .  As the rate of h y d ro ly s is  is slow 

in the flooded s o i l ,  the amount of unhydrolysed u^ea present would 

be naturally more at 150 kg N fia~ 1 Because of the higher substrate
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concentration, there was na tura lly  a h ig h e r  molecular absorption 

T h i s  is f u rth e r  e vide nt from the fact that the interaction between 

moisture '-egime and le v e l  of nitrogen was significant (T a b le  31) 

and tne highest molecular absorption was noticed by the flooded 

r ic e  supplied  with 150 kg N ha 1

5 3 .4 .2  Effect of s p l i t  a p p lic a tio r

The molecular absorption  oT urea was s ign ifica ntly  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 in it ia t io n .  Not only molecular a b s o rp t­

ion, but the nitrogen re co v e ry  as such was h ig h e r  from the top 

dressing and the reasons for the same have a lrea dy been discussed. 

From the interaction ( T a b le  32) i t  could be seen that the highest 

molecular absorption was by the flooded r ic e  from the top

dressing. At the time of top dressing the ^iooded ^lce was having

a standing water le ve l  of 4 -5  zrr continuously Vo m  the seedling 

stage Hence there is a poss’ D i U t y  for more urea to remain 

u n h yd ro lys e d  in th is  condition Ainen a p p lie d  at the rate of 150

kg N ha 1.

5 .4  Developm ent of isotope method fo r  urease estim ation

In th is  s tu d y ,  an attempt was made to develop  an isotope

14
method for urease estimation from the residual C la b e lle d  urea
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remaining after h y d r o ly s is .  T h is  method had the advantage that

it was less combursome and do not invo lve  the development of

colour The standard non-buffer method involves the development

of colour which is ra the r unstable and depended on the quality

of the reagents used (Mulvaney and Bremner, 1979). In th is  respect,

the isotope method had a d istinct advantage over the non-buffer

method However, in the present study, the isotope method resulted

in a gross underestimation of urease a c t iv ity  While the urease

a c t iv i ty  by the non-buffer method ranged from 900-1200 yug qrea

g 1 s o i l ,  that by the isotope method ranged from 200-400 yug urea

g  ̂ soil (T a b le  4 9 ).  T h is  could be due to the isotope effect m

the sense that the urease shows a discrimination between labelled

and unlabelied urea. T h is  discrimination was seen even when the

incubation with urea was prolonged upto 3 days (T a b le  50) Such

a discrimination was also noticed by Rabmowitz et_ al_. (1956) who

12
found that jackbean urease hy dro lyse d  C urea about 10% faster

than U C urea

Conclusion

The present investigation included J  sets of experiments

intended to study the effect of soil submergence on soil urease

a c t iv i t y ,  to develop an isotope method for urease estimation and

to know the molecular absorption of urea by the flooded r ice . The

effect of so il  submergence was pronounced only during the in it ia l
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stages of incubation with urea. Upon prolonged incubation with 

urea, soil submergence had not much effect. With respect to the 

isotope method, it  was observed that it  resulted in a gross under 

estimation of urease a c t iv i ty  due to the isotope effect.

The results of the pot culture experiment to study the mole­

cular absorption of urea c le a rly  indicated that the molecular 

absorption does take place and it  is much higher from the flooded 

soil than from the non-flooded s o i l .  However, there exists a

p o s s ib i l ity  for an underestimation of the auantity of urea absorbed

14
due to the possible loss of CC>2 though re spiration . However the 

present study does not throw dry lig h t  on the mode of absorption

of urea and its fate inside the plant.

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 quadncauda 

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 oite However, it was observed 

that ammonium and urea uptake by both algae nave different pH

dependences. Also in a v a rie ty  of experiments with the algae the

ratio of ammonium uptake to urea uptake did  not va ry  systematically 

with the ratio of the external concentration of ammonium ana urea
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indicating that ammonium and urea d id  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 entire ly  independent. Presumably some

internal mechanisms governs the rate of uptake at one site , depending

on wnat is occunng on the other site . Another strong theory for

the urea uptake is that it  is a ca rrier-m e diate d  process and the

amino acid arginine and the urea are taken up oy the same c a rr ie r

(W illiam and Hodson, 1977). However, in a detailed study using

m ulticellu lar eukaryote Volvox C o r t e r i  F naganensis. K irk  and

K irk  (1978) observed that arginine and urea carrier's are distinct

and different. According to Mitsui and Kurihara (1962) the absorbed

urea in i t ia l ly  get accumulated in the root and then is translocated

into the gram  part with the transportation stream and is

decomposed more ra p id ly  in the shoot than i r  the root as the urease

a c tiv ity  is greater in the shoot With respect to the fate of the

urea in the plants detailed studies have been conducted following

foliar application of urea.  D i l le y  and Walker (1961; observed that

14
apple and peach leaves supplied with C labelled urea assimilated 

this in the amino a cids, amides, proteins and other soluble

compounds w ith in  20 hours Only small portion of the urea absorbed 

by the peach remained in the lea es as unhydrolysed urea
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s u m m a r y

An investigation was conducted at the Radio Tra c e r  Laboratory, 

College of Horticulture , Vellanikkara during the period 1990-92 

to study the molecular absorption of urea by flooded r ice .  The

following experiments were undertaken during the course of this 

investigation

1 Effect of soil submergence on urea h y d ro ly s is

2 . Pot culture experiment to know the absorption of molecular urea

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

from s p l it  doses of nitrogen 

3 Development of isotope method for urease estimation

The results of the investigation are summarised below.

Under non-submergence and for 5 h incubation though the

black cotton soil registered the highest soil urease a c t iv i t y ,  i t

did  not d iffe r  much from the urease a c t iv i ty  exhibited  by la te rite ,  

kole and kayal soils . However, the k a n  soil recorded the least

urease a c t iv i ty  When the soil was submerged, a decline in the

urease a c t iv i ty  was noticed in a ll  so ils .  Though the decline in

urease a c t iv i ty  was slow up to a submergence period of 1 0  days,

there was almost a 30-40% drop in a c t iv i ty  following submergence

period of 20-30 days in a l l  so ils ,  except k a n  s o i l .  When the

submerged soils were incubated with urea for periods longer than
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5 hours, a complete h y d ro lys is  was noticed within a period of 

2-3 days in the case of a ll  soils except kari

In the pot culture experiment, i t  was observed that flooded 

rice recorded significantly higher y ie ld  of gram and straw, total

d ry  weight and N uptake than the non-flooded r ice . Among the 

N levels (disregarding the source and method of application) though 

the grain yie ld  at 100 kg N ha ' and 150 kg N ha  ̂ were found

at par, plant d ry  weight, straw y ie ld ,  % of N m grain and straw, 

the total N uptake by the pla"'- were found significantly higher 

at 10C kg N ha 1 than at all other levels cf N,

The % Ndff increased with increasing levels of nitrogen a p p l i ­

cation. A reverse trend was observed m the case of % Ndfs. The 

moisture regimes and its interaction with nitrogen levels had no 

significant influence on % Ndff and % Ndfs.

Flooded rice recorded a significantly higher N uptake than

non-flooded rice and among the N levels, the highest fe rt i l ize r  

N uptake was noticed at 100 kg N ha  ̂ and the least at 50 kg 

N ha  ̂ The interaction effect was found nor-s ignificant. The fe rt i l ize r  

nitrogen uptake from the top dressing was significantly higher than 

that from the basal dressing. The interaction of method of applicat­

ion with moisture regimes, levels ot nitrogen and with both (three 

way interaction) were not significant



The  % recovery of f e r t i l i z e r  N by the -flooded r ice  was 

significantly superior to that by non-flooded rice  The highest 

recovery was noticed at 100 kg N ha ^ . T he interaction of moisture 

regimes and levels of nitrogen was not significant The top dressing 

recorded a higher % recovery than basal dressing The interaction 

of method of application with moisture regimes levels of nitrogen 

and the three way Interactions were not significant.

Th e re  was many fold increase in the uptake of N as molecular 

urea oy the flooded r ic e  compared to ron-flooded rice  Among the 

different levels of nitrogen, the molecular absorption of urea 

Increased significantly  w ith  increase in levels of nitrogen. The 

interaction effect between moisture regimes and levels  of nitrogen 

was also found significant. Under the flooded situation, w h ile  there 

was a steady and significant increase in the molecular absorption 

of urea with increase in the levels of nitrogen, under the non-flooded 

situation, the different levels  of nitrogen had no effect. With 

respect to the percentage a bso rp tio i  of N in fo^ms other than 

molecular urea, the non-floodeo r ice  had recorded a higher value 

than the flooded r ic e .  The -voJecular absorption of urea was 

significantly higher from the top dressing than from the basal 

dressing. The  highest molecular absorption was recorded by the 

flooded r ice  from the top dressing.

3



The isotope method of urease estimation was found not 

comparable with the non-buffer method as the isotope method 

recorded v e ry  low values of urease a c t iv i t y .  While the urease 

a c tiv ity  by the non-buffer method ranged from 900-1200 ylig urea 

g ” 1 soil for a l l  the s o ils ,  the urease a c t iv ity  by isotope method 

ranged from 200-400 yug urea g  ̂ of soil
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A P P E N D IX -1
Weather data (w e e k ly  average) for the cropping  period 

(from 9-B-1991 to 8-12-1991)

Total Temperature (° C )  ReLative humidity (%)
Month and date ra in fa ll  Maximum Minimum Forenoon Afternoon

(mm)

Aug 6 - 1 2 65.2 29 5 23 1 95 79

Aug 13-19 13.9 27.8 2 2 . 0 95 84

Aug 20-26 53 0 29 1 22.3 96 79

Aug 27-Sept 2 12.5 30 4 23 3 94 66

Sept 3-9 6 0 31 4 23 2 90 59

Sept 10-16 6 4 31 . 6 24.6 90 65

Sept 17-23 18.3 31 5 22 4 92 59

Sept 24-30 16 8 31.7 24 0 90 70

Oct 1-7 11.4 31 2 23.5 92 77

Oct 8-14 97 3 30 6 23 0 91 75

Oct 15-21 57.6 30 8 23 1 S'7 6 6

Oct 22-28 40 0 29 8 23.0 87 72

Oct 29-Nov 4 75 4 32 1 22.5 96 76

Nov 5-11 105 0 31 .4 2 2 . 8 89 62

Nov 12-18 53 4 31 0 20.9 c4 69

Nov. 19-25 0 5 31 .3 21.4 76 '58

N ov. 26-Dec 2 0 0 30.9 23 5 78 45

Dec 3-9 0 . 0 31.9 23.2 69 56

Source Meteorological O b s e rv a to ry ,  Vellanikkara



Appendix 2 Abstract of Anova 
c f ie c t  of moisture regime arid level of nitrogen on y ie ld ,  d rv  matter production and nitrogen content

Source df 1 2 3
Mean
4

square
5 6 7 8

Grain 
y ie ld  1

(g pot" )

Straw
y ie ld

(g pot )

Total d r y  
weigh_t

(g pot )

N in 
qraj.n 
(%)

N in 
straw 

(%)

N uptake 
by g ra in 1 
( mg pot )

N uptake N uptake 
by stra/^ by plant 

(mg pot ) (mg pot ]

Moisture regime 1 292 03 18 98 375.44 0 262NS 1.99 49482 9 NS2931 3 28162.3

Level of nitrogen 3 38.95 78 63 196.55 3 71 3.22 14473.9
** 

34891.5 94506 4

Interaction 3 17.69
)!» 

. 3 23 44 0 74 0 95 4109 ' ,  —  ,  . NS n/Q 1
tflf

3814 7

E rro r 56 0 75 1 24 4 89 0 159 0 23 409.3 1310.53 2126 8

!t* Significant at 1% 
* S gnm cant at 5% 

NS -  Non-significance



Appendix 3. Abstract of Anova 
Effect of moisture regime and level of nitrogen on f e r t i l iz e r  and soil  N uptake, N recovery and forms of

absorption of nitrogen

Source

Moist' -  r "gime 

Level of nitrogen 

nnteraction 

E r r o r

df

Mean square
5 6

% Ndff % Ndfs Fe rt  N %
uptake recovery

Molecular % C urea 
urea N N uptake 
uptake

(ug p lot 1 )

N absorbed 
in forms 
other than 
molecular 
urea
(mg pot- 1 )

% absorption 
of N m  
forms other 
molecular 
urea

1 , rw NS 11 494 1 .495

707 56

8.13 NS

707.6

8.13
NS

2561 169 8

6647 5 752.4

743.8 NS 95 9NS

1936380.3 

2 14628.2 

208447.2~

2 98 

0 119

0  11

2425.4

4$
6592.4

721 NS

Sjtljt

2 55

*
0 . 1 3 5

*
0.097

18 10.47 10.47 364.4 51 4 2489.7 0.02 363.5 0.026

** Significant at l% 
* Significant at 5% 

NS -  Non-significance



Appendix 4. Abstract of Anova
Effect of moisture regimes, levels  of nitrogen and s p l i t  method of application on f e r t i l i z e r  N uptake,

N recovery  and forms of absorption of nitrogen

Source df
1 2

Mean
3

square
4 5 6

F e rt l iz e r  
N uptake

Recovery 
N (%)

Molecular 
urea N

(ug pot ^

Urea N 
uptake 

(%)

N absorbed 
in forms 
other than 
molecular 
urea
(ug pot )

Absorption of 
N in forms 
other than 
molecular 
urea (%)

Moisture regime 1 1275 87 519 54 971032
44

6.99
4 4

1 2 1 1
44

6 95

Levels of nitrogen 2
44

3322.04
4 4

1504.A0
tt-JC

108063 0.23
4 4

6593
4 4

0.23

Moistui e r-*gimes x 2
NS

370.30 191 90NS
A A

i04960
44

0 . 2 1 720 NS
44

0 . 2 1
Levels cf  nitrogen 

Method of application 1 1122 39 684.30 75653
^ 4

1 15
4 4

1145
4 4

1 .14

Moisture regime x 1
NS

250.94
NS

2 2 2 . 2 0 67662
s*4

0.98 261 NS 0 98*
Method of application 

1 evels of nitrogen x 2
NS465.87 NS

295.95
4-*

18122
*

0.14 932 NS
*

0 14
Method of application 

Mo^oture regime x Level 2
NS

6.71 ^
NS

15 .02
4 4

16 i2 S 0 . 1 ! NS 13 NS
NS

0 . 1 1
of nitrogen x Method 
of application

E rro r 36 146.7 105.8 1513 0.04 5278 0.04

Significant at 1 % * Significant at 5%
NS -  Non-significance





''late 1a Rice va rie t,  Java under flooded and non flooded
- 1

conditions, sucplied w i+h 50 kg N ha





Plats It -  Rice variety  Jay a fjndrfC flooded and non-flooded 

conditions, supplied with 100 kg N ha





Plate 1c, Rice variety Jay a under flooded and non-flooded 

conditions, supplied with 150 kg N ha





Plate 1d Rice variety Jaya under flooded condition 

supplied with 50, 100 and 150 kg N ha





Plate 1e. Rice v a r ie ty  Jaya under non-flooded condition 

su pp lied  w ith  50, 100 and 150 kg N ha
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ABh TRACT

An investigation on molecular absorption of urea by flooded

rice  was conducted at the Radio Tra c e r  Laboratory, College of

H orticulture, \/ellanikkara, during the period 1990-1992. The effect

of soil submergence on soil urease a c t iv ity  was also studied on

five  different soils of Kerala namely, la te n te ,  kole, k a r i ,  kayal

and black soils An attempt was also made to develop an isotope

14method for urease estimation using C labelled urea. From the

14specific a c t iv i ty  of C urea solution in i t ia l ly  added ana the count 

ra*es obtained for the KC1-PMA e xtract ,  the urea h y d ro ly s is  rate 

was calculated.

To study the molecular bsor ption oJ urea, a pot culture

experiment was done employing an alternate stable isotope ra d io -

labelling technique. In th is  experiment r ice  was grown in pots

14under flooded and non-flooded conditions and supplied with C 

15and N labelled urea basaly and or as top -dre ss  alternately. Th is  

study c le a rly  revealed that absorption of nitrogen as molecular 

urea does takeplace and it is much higner from the flooded rice

than from the non-flooded r ice . 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 a c t iv ity

it was observed that a s ligh t  decline m  a c tiv ity  occured -following 

flooding.



T h e  isotope method of urease estimation a id  not y ie ld  values 

comparable w ith  the non-buffer method. Th e  isotope method resulted 

in an under estimation of urease a c t iv i t y  p ro o a b ly  due to the isotope 

effect


