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INTRODUCTION

N¥itrogen 1is the most important and widely applied
fortilizer element. The fertilizer nitrogen applied to solil
undergoes numercus physical, chemical and biological trans-
formations which affect its loss and ultimate use efficiency
for crop production. The study of fertilizer nitrogen
transformations in soils is an important component of rese-
arch for incressing the efficiency of nitrogen and undoubtedly
batter understanding of various mechanisms of nitrogen loss
vill help in devising techniques for reducing these losses.
Amide and ammonlacal fertilizers that are commonly used as
source of fertiliger nitrogen are converted to nitrate form
in the soil by the action of nitrifying organisms., HNitrifi-
cation results in the conversion of a relatively immobile
cationic form, NHI-N into a more mobile anionic form, NOE-H
and 1t has a direct bearing upon crop nutrition as it glters
the availability of the chief plant nutrient alement obtained
from the soil. The determination of the intensity of nitri-
fication through which the soil content ig maintained is very
Important in the assessment of soill fertility. If nitrate
formed is not assimilated by the crop or immobilized by the
microflora, 1t is susceptible to downward movement, and the

nitrogen may thus in effect be lost to the plents following



nitrification. Another way in which this element can be

lost following nitrification is through denitrification.
Prolonged use of smmonlum fertilizers leads not only to the
self-destruction of the nitrifying auteotrophs but also to

the appearance in soluble forms of g number of cations.
Therefore, it is clear that nitrification is a mixed blesasing

and possibly a frequent evil.

Factors influencing the activity of the nitrifying
bacterig have a pronounced effect on the emount of nitrates
Produced and consequently on the utilization of nitrogen by
plants. The environmental factors favouring the growth of
most upland agricultural plents also favour the activity of
the nitrifying bacteria. The important factors affecting the
nitrification pattern in solls are supply of ammonium ion,
populations of nitrifying organisms, soil rocaction, soil

acration, soll moisture and temperaturea.

Many of the soils of Kerala have pH wvalues much lower
then the reported optimum for nitrification and often lower
than the ultimate limit. This factor was also considered to
be responsible for the usually rerorted leck of response to
the use of nitrification inhibitors in theso soills even though

these are found to be advantageous in many of the soila of



the country. In an earlier study {Mathew, 1986) conducted
to screen materials for their potential nitrification
inhibition properties using the laterite soil, it was
indicated that nitrificatlion did not practically occur
within reasonable perlod of time in the soll. It was also
observed that neutral to alkaline soils from Coimbatore
recorded substantial rate of nitrification under identical
experimental conditions. Following this observation, it is
considered opportune to assess the nitrification rates of
the other representative soills of this state and to assess
tha factors that are probably respcnsible for the low
nitrification rate in some of our soils. A reconfirmation
of the lack of significant rate of nitrification of laterite

s80ll was also intended in the present study.

Attempts of amending the soil with the objective of
enhancing the nitrification rate of soils of low nitrificat-
ion rate are elso envisaged. The datails of the objectives

ares

1. to assess the inherent population of nitrifying organisms
in Kerala solls and the inherent rate of nitrification in
these soils

2. to locate the chemical factors influencing nitrifier

propulation and nitrification rate

(WA



3. to amend the factors and to study the effect of amendment
on nitrification in soils of low nitrification
4. to study the offect of nitrification inhibitors on scils

of low nitrificagtion with and without amendment.
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REVIEW OF LITERATURE

Nitrification, the biological oxldaticn of ammonium
nitrogen to nitrate via nitrite is ilmportant in fertilizer
use efficiency and nitrogen nutrition of crops., Nitrificat-
ion results in conversion of g relatively immobile cationic
form, NHy-N into a more mobile anionic form, KOZ-N. Nitrate
formed is lisble to losses by leaching end denitrification.

It 15 therefore quite essential that attempts be made to
check these losses by adopting proper soil and fertilizer
menggament practices., Application of certalin chemicals called

nitrification inhlbitors seems to be the easiest short temm

approach towards this problem (Goring, 1962),

Factors nffecting nitrification

1, Nitrifier pooulation

According to Alexander (1965), the numbers of Nitro-
gomongs and Nitrobacter per g of unfertilized soil zre rarely
more than a lakh and frequently less than 100, particularly
if the soll is acid. If the concentration of substrate is
increased, however, the numbers rise and may exceed one
million per g. This variation of population with substrate
is one of the reasons for supposing that Nitrosomonas and

Nitrobacter are predominant among microorganisms involved in

NHZ oxidation.
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Deshpsnde et pl. (1971) found that lime end urea
alone znd together increased bacterial populations. Etchevers
et al. (1978) reported that nitrification rate wera posit-
ively correlated with the number of nitrifying bacteria.
Sarathchsndra (1978) observed that once the rH was lowered
from 7.5 to 5.5 the nitrification rate decrcased slowly with
a corresponding decraase in the numbers of nitrifying bacteris.
Laudelout and Lambert (1982} reported that bacterial populat-
ion in a scil under permanent pasture reached maxima in

spring and autumn.

Kreitinger et gl. (1985) found that nitrification in
acid forest soll is not the result of classical agutotrophic
nitrifiers, and a possible role for methylotroph type organiem
in nitrification 1s suggested. The nitrification in seid tea
scils was through the activity of other nitrifying orgsnisms
since oxidation by autotrophic nitrifiers is doubtful due to
the poor population (Bazbaruah and Baruah, 1985), Martiksinen
(19685) found that application of urea alone or together with
apatite <+ blotite of with apatite + biotite + micronutrients,
incressed the nuwbers of NHZ and NOE oxidisers. Wood ash
alone or with apatite, had a gmaller stimulatory effect.
Harmsen and Schreven (1985) :éported that the salt tolerance
of nitrifying bacteria was higher than that of most crop

Plants.



2. Soi; reaction

Nitant (1974) found that both high pH and high salt
content in sodic and saline soil, respectively, influenced
the changes of NHI, NO, and NOJ-N of applied urea fertilizer.
Whereas hydrolysis of urea wés delayed and nitrification
rate was suppressed, there was enhancement in nitrite accu-
mulation ond persistence in saline sodic solls. Gandhi and
Paliwal (1976) rerorted that salinity and pH ware both
correlated megatively Qith N mineralization and positively
with the gaseous losses of HH3 in salt affected soils., MNitri-
fication was retarded, suppressed or inhibited completely by
salinity, the effect depending on both the amount of salt and

the type of amendment (Lawra, 1977; Shahawy and Masbhady, 1984).

Bandyopadhyay and Bandyopadhyay (1983) reported that the
nitrification was considerebly reducaed by soil selinity of

10 gsm™!

at 25°C and sbove. Mc Clung and Frankeriberger
(1985) reported the results of an experiment conducted to test
the effects of sodium sulphate, sodium chloride and calcium
chloride applied at rates that produced electrical conducti-
vities of saturation extracts (ECe) of 5, 10, 15 and 20 @Sm *
on asmmonia volatilization, amnonification of urea and nitri-
fication in the diverse solls, The effect of salinity on
aﬁmonia volatilization and nitrification varied depending on

the N source, the amounts and types of salts added and the
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goil used. The percentage of inhibitlion of nitrificstion
ranged from 8 to 83, BSodium sulphate wes less inhibitory
to nitrificstion that the chloride salts. Inhibition of

nitrification at ECe values of 20 dSm~> (NaCl) was as high
a8 75 and 83% when ammonjum sulphate and urea ware applied

to soulls, respectively.

It was reported by Sghrawat (1982) that the amount of
ND;-N formed is highly positively correlated with soil pH
but was not correlated with organic € or total N contents.
Nitrate formation was not significantly correlaéad with soil
pH in solls of pH greater than 6.0. The range of reaction
ovar which nitrification takes place has generally been
glven as pH 5.5 to about 10.0 with the optimum around 8.5
(Tisdal @t gl., 1985). Arora et al. (1986) found that pH
had positive correlation with accumulation of NOE—N at the
end of a 65 day incubation and also found that nitrification

rate depended on lime rate.

3. Soil managerwent

Stevanovic gt al. (1982) found that ~ deep
tillaga intensified nitrogen mineralizstion in soil under

corn in verious rotations. Rice and Smith (1983) reported

that the ratiocs of HOB to NHX were highar in ploughed solls



except immediately after fertilization. According to

Naumov (1983) ammonifying capacity was little affected by
soil arosion, but accumulation of nitrates was greatly
slowed down. Oroffman (1985) reportad that nitrification
and denitrification activities were consistently higher in
the top % cm of no tillage soll than in conventional tillage
scil and a reverse pattern was observed at lower depths.
Hadas et 3l. (1986) reported that the maximal rate of nitri-
flicagtion and delay period of surface soll samples were from

5 to mg kg"1 a~1

and from 0,2 teo 8 4, respectively., The
maximal rate of nitrification decreased and delay period

incraeased with soill depth.

Plhagk and Vicherkofa (1970) observed that the rate of
nitrification was usually lower in previously uncultivated
than cultivated solls except in the case of pea, timothy
gragss and onion where increased rates were found. Viassak
(1570) found that relatively rapld mineralization and nitri-
ficetion weée found with solls from cultivéted land and
prastures, but soils under natursl vegetative covers of
conifers and hard woods were mostly ammonifying. Wheeler
and Donaldson (1983) reported that nitrification was repid
" in soil under herbaceous cormmunities, followed by bush veget-

ation and was not detectable in soil under trees. Beck (1983)
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reported that different measures of soil management {pre-
ceeding crops, application of sewage sludge, addition of
heavy metals) had a falrly pronounced effect on the rate of

N mineralization.

4. Soil wmpisture

Hulpoi (1970) reported thzt in soils having a high
moisture content (26%), the nitrificetion depended on thae
amount of NHI—N’applied and on the degree of asration.
Schreven and Sieben (1972) found that water logging increased
the asmounts of N mineralized on subsequent incubation,
Oxidation cf nitrite to nitrate was delayed for the first
week following waterlogging in a humic ¢lay and the numbers
of bacteria decreassed as the pericd of waterlogging increased.
Yore and Varade (1982) found that the maximum rate of nitri-
fication was in the molsture range of -5 to -0.33 bar, since
the process was highly acroblc and favoured by lower soil

water potential.

5. Soil temperature

Hormsen and Schreven (1955) reported that the extreme
temperature limits for nitrificstion in forest and peat soils

proved to be 4° and 40°C with the optdmum between 20° aznd 30°Cy
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this was sbout the same as in ordinary soils. Knop (19703
raeported that the intensity of ammonification and nitrifi-
cation was low at 0-3°C both in acid soil (pH 5.2) and
alkaline soil {(pH 7.8). Beck (1983) reported that the optimum
temperature was 50°C for N mineralizastion and 26°C for
nitrification. Mochoge et al. (1983) found that even at
lower temperature, niltrification in agricultural soll was
active though it occurred at a reduced rate while in forest
#0il, the nitrification rate was extremely low and appeared
to be independent of temperature. Ahrens (1985) found that
at 25°C msxinmum nitrate accumulation occurred after 15 days

and at 30°C after 44 days incubation.

6. Organic matter

Minsralization and nitrification can be stimulated by
mulching (Harmsen and Schreven, 1955). Rice and Pancholy
(1972) found that lesves with low levels of N and P led to
the production of higher polyphenol concentrations which
retarded litter decay and increased the soll content of
tannins and their derilvatives. These latter compounds were
respaonsible for the niltrification inhibition., Richard gt zl.
(1983) reported that higher phenolic concentration inhibited

nitrification in the forest floor. HNasser et al. (1983)
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found that aspplication of dry guava leaves in conjunction
with peptone or emmonium sulphate on a clay loam soll reduced
armonium oxidising and nitrite oxidizing bacteria and nitri-

fication process.

Mochoge and Beese (1983) reported that the forest soil
had higher incorporation of N in the organic fraction than
did the agricultural soil. MNitrification was low in the
forest soil, but in the agricultural soll there was a fairly
high nitrification even at 4°C, Mc Carty and Bremner (1986)
found that phenolic aclids and tannins did not significantly
affect nitrification in soll even when the amounts applied
greatly exceeded the smounts that have been reported to
inhibit nitrification or to cccur in soil. Tan end Falcon
(1987) found that humic acid increased the delay pericd, and

at the same time decreased the maximum rete of nitrificaztion.

7. Fartilizers

Takeshash (1964) reported that the nitrification of ures
did not proceed indefinitely because nitric acid formed as
a result of nitrification made the soil acld and thereby
retarded nitrificstion. Kiehl and Netto (1974) reported that

treating soil samples with anhydrous smmonla greatly reduced
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nitrification. It was reported by Bheragava and Ghosh-{1976)
that biuret 4id not get nitrified to more than 10% in five
weeks time anﬁ it appeared that 1its low solubility and
complex nature resisted nitrification. It was concluded

that although biurat 1tself was definitely resistant to
nitrification, it was not likely to Inhibit the nitrification
of urea to g noticeable extent at least in the concentration
in which it was likely to be present in the commercilal
fertilizer grade urea. Seghrawat (1977) found that tﬁe biuret
impurity in urea fertilizer enhanced nitrite toxicity. Potassic
and phosphatic fertilizers reduced both the rate of decomposit-
lon of urea and the nitrification of asmmonium N produced by
the decomposition. Sulphate, chlorides and super phosphates
all caused marked inhibition of nitrification (Vostal et al.,
1976) . Nitrifying potential in the acid soil was almost
hglved by the long texm application of mineral fertilizers,
Nitrificetion in tﬁe limed soil was not reduced (Lebedeva

and Zagumennikov, 1977; Roy et gl., 1985)., Vostal et al.
(1977) found that the rate of nitrificastion following the
application of nitrogen fertiligers proceeded in the order
urea > ammonium nitrate > ammonium sulphate. Potassium
sulphate markedly reduced nitrification in solls smended with

ammonium fertilizers but K fertilizers had little effect where
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urea was applied. Ivanov (1981) reported that temporary
alkallfication of acid soils caused more rapld and complete

nitrification of NHZ-N from urea than from NH: splts,

Watselaar gt g5l. (1972) reported the effect of
banding N fertilizers in scll on nitrification. Nitrificat-
ion was completely inhibited 1f the osmotic rotential of
the soil solution was > 10 bars, if the ammeniun N concent-
ration in the soil sclution was > 3000 ppm or if pH was 7 8.
Darrah et nl. (1986) found that nitrification was inhibited
at the site of application of mmmonium chloride due to

increased osmotic pressure or chloride ion in the soil.

Oke (1970) found that nitrification was slightly
increased with the addition of phosphate. It was also found
that in the presence of sulphur, more nitrate was formed than
in the soil alone or soil with phosphorus. ©Clambiazi and
Kraljev {1973) reported that the contents of P and Ca were
significantly correlated with nitrifying sctivity in A horizon,
but in B horizon Ca wes unrelated and P wes related to only
a small extent. Etchevers et al. (1978) noticed that nitri-
fication rate was positively correlated with availablo P
concantration. Hue end Adams (1984) reported that the

organic P concentrations in soill solution zbove which NH4
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oxidizers would not respond to additional P were 0,5910,24 4M
for the minimum delay time and 0.6£0.28 4 M for the max fmum
nitrification rate. HNltrite oxidizers required not more than
0,13 and 0,24+0,07 *M P for the minimum delay time and the
’maximum oxidation rate, respectively. Arora gt al. (1986)
found that nitrification rate in a coarse textured kaolinitic

Ultisol was negatively correlated to exchangeable Ca,

8, Inhibitorn

Goring (1962) found that N-Serve inhibited nitrification
of ammonium and gmide fertilizers at rates varying from 0.2
to 2% of N and that rotardation of nitrification by N-Serve
was brought agbout mainly due to toxicity to ammonium oxidizing
autotrophs of genus Nitrosomonas. Manickam gt al. (1976)
reported that crushed neem seed treated urea was significantly
superior to the mahua cake extract treated ureg but was on
par with the W-Serve treasted urea and neem cake extract treated
urea in inhibiting nitrification. Tetruashvili et sl. (1980)
obgervad that N-Serve wes more effective with soill moisture
content at 70% field capacity. Boratynski end Zieotecka (1982)
rerorted that the inhibitory effect of N-Serve depended on
the soil. Liming accelerated the nitrification rate and

decreased the sffectiveness of nitrification inhibition by



16

N-Serve. Mukhopadhyay et al. {1985) found that the use of.
H-Sorve resulted in an increasse in the amount of exchangeable
end f£ixed HHZ in the seil under aerobic incubation (30 and
60% of WHC), but wirtually no effect of N-Serve was cbserved
on mineral nitrcgen transformation in the soil Incubated

under waterlogged condition.

Warren gt gl. (1980) reoported that nitrification
inhibitlon could effectively reduce N losses without adversely
affecting the uptake of other minerals or the mineral composit-
ion of mailze leaf tissue. Iruthayaraj (1981) found that
nitrification inhibitors increased the content of NHZ-N in
soil, but hed no effect on NOE—H content, Huber ot al. (1982)
observed that nitrification inhibitors had a good potential
to improve N use efficiency and grain vield by reducing losses
of applied HHZ-N in no till corn production system. Listanska
(1982) noticed that the nitrification inhibitors had a more
pronounced effect at temperature more favourable to nitrifi-
cation. Walter et al. (1986) raeported that the nitrification
process was considerably delayed and the residual effect of

the nitrificides prolonged at pH below 5.9.

9. Chemical factors

Quraishi and Cornfield (1971) reported that the addition

of 100, 1000 end 10,000 ppm copper, as oxide, or hydrogen



phosphate stimmlated nitrogen mineralization and nitrifi-
cation during incubation of a sandy loam (0.5% CaODSJ
treated with 200 ppm N as dried blood. Wilson (1977) found
that nitrification was totally inhibited by 1000 4 g 2n g~
of threoe different soills. Liang and Tabatsbal (1978) obser-
ved that the relative effectiveness of the trace elements

in inhibition of nitrifilcation of NHI-N added to so0il depended
on soil type. When the trace elements were compared using

5 Mg !of soil, Ag (1), Hg (41), cd (11), Ni (41), as (111),
Cr (111), B (11), Al (1i1), Se (iv), Mo (vi) were the most
effective inhibitors (average inhibition > 50%) and Mn (ii)
and Pb (11) the least effective (average inhibition £ 25%)

inhibitors.

BEtchevers gt sl. (1978) observed that nitrifiecation
rate was negatively correlated with Al concantration.
Giashuddin and Cornfield (i1978) found that with increasing
Ni lavel, nitrification decraassed to a greater extent than
N and C mineralization. Nitrification and H and C minorali-
zation decreased by 68-36 and 35%, respectively, with 1000 prn
Ni. Liang and Tebatabai (1978) investigated the inhibition
of nitrification using 21 cationic metals and reported theat

hg, Hg and Se strongly inhibited the nitrification process.
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Rother et al. (1982) reported that nitrification was
conaiderasbly more sensitive to heavy metals than ammonifi-
cation. Chang and Brogdbent (1982) found that nitrogen
Immobllization, mineralizgtion and nitrificstion were
inhibited to a greater exteont by Cr (1il) added to a neutral
soil. Among the six metals they studied the sequence in
order cof decreasing inhibition to all nitrogen transformation
was Cr > C3d >Cu > Zn > Mn > Pb, Ueda (1988) reported that
nitrifiéation waa prevented at the 10 ppm level by chromate
and gt the 1000 ppm level by chromium chloride,

An experiment was conducted by Ishague and Bhuiyan
(1984) to study the effects of the nddition of Fe, Cu and 2n
(50 or 100 ppm) and B, Co, Mo (20 or 50 ppm) to an alluvial
soil of pH 7, under aercbic (50% meximum waterholding
capacity) or anmerobic (133% maximum waterholding capacity)
conditions with raespect to nitrogen transformations after six
and 12 wecks of incubation at 30°C. Tt wae found that Mo at
both levels congistently increassed nitrogen minaralization
and nitrification. During the six wsek psriocd, the greatest
effect of N minoralization was with 20 ppm Co under anaerobic
conditions, followed in decremsing order by 50 ppm B and then
by 50 ppm Zn both under aercbic conditions. Under aercbic

conditions, 50 ppm of Fe or Cu, seemed to stimulate N miner-



13

alization and nitrification after both periods of incubation.
Iron or Cu at 100 ppm apreared to inhibit these processes
under aercbic conditions and to enhance them under anaerobic

conditions,

Broberg (1984) found bessed on situdies of fresh water
residves that high levels of metals did not prevent smmonium
and nitrite oxidation, the processes were only delayed for =
certain time, This was tsken to indicate that the nitrifying
bacteria beceme adgpted or acclimatised to the metal rich
environment. He also found that the oxidstion of nitrite was
more affected by metal coﬁtamination than ammonium oxidation,
Low concentrations of Cu and Pb had a stimulatory effect on
the oxidation of ammonium. The depressing effect of the
metals on the nitrification process followed the order

Cd > 2zn > Cu > Fb,

Olsen and Jacobsen (19853) reported that nitrification
was deprassed by the addition of Hg Clz and methoxy ethyl
marcury acetate to a sandy loem and a peat. Thay also found
that addition of Pb 012 could depress nitrification. Arora
et al. (1986) found that in coarse textured ksolintic Ultiscl
the exchangeable Al wasm negatively correlated with the accu-

mulation of NO;-N at the end of a 65 day incubation.
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Based on the akove review, the effects of the
different factors may be summarised as follows. The important
factors affecting nitrification were nitrifier population,
s0il rezction, soill management, so0il moisture, soll temperat-
ure, organlc matter, fertilizers, inhibitors and chemical
factors in soil. The nitrifiler population was reported to be
genarally substrate dependant. Dacrease of pi in the range
from 7.5 to 5.5 decreased the nitrification.rate slowly with
a corresronding decrease in the nurber of nitrifying bacteria.
Tillage was found to advaersely affect nitrification activity
in the top 5 cm soll whereas. the reverse was the trend at
lower depths. lower soil water potential generally favoured
nitrification and the maximum rate of nitrification waa in
the wmoisture range of «5 to =0,33 bar, The op&imum temprerat-
ure for nitrification was bﬂfween'20° and 30°C, Crganic acids
such as phenolic acid, humic aclds ete, formed in the decomp-
osition of organic matter retards nitrification. Nitrification
rate was negativalf correlated to aluminium concentration and
pogitively correlatad to calciun status, Nitrification was
found to be sensitive to heavy metals and 5 i.moles of AY and
Fg g'i of soll were pufficient to inhibit nitrification.
N;rtification inhibitors are widely regorted to increase the

content of NHZ-N in soil and improve N use efficiency in many

sltuations.
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Earlier work using laterite soila of Trichur had
indicated that the inherent rate of mineralisation in these
solla was low and that nitrification inhibiteors did not have
any effect either on nitrification rate of scil or on crop
rerformance, Amelioration of soil acidity by liming these

s0ils Aid not enhance nitrification.
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MATERIALS AND METHODS

The present study was aimed to assess the nitrification

rate of Kerala solls and agronomic factors influencing it.

The study comprised of two parts

A - Laboratory experiments

D - Pot experiment

The experiments ware conducted during the period from
June 1987 to Novembar 1988 at the Collage of Horticulture,
Vellanikkara, Trichur, which 1s situated at 10°32° N latitude
and 76°10° E longitude at an sltitude of 22.25 m above mean

sea leval,

The seoils for the laboratory experiments included seven
soll types, five from Kerala and two from Coimbatore. The
goll types from Kerala wera lasterite, red, alluvial, forest
and black and those from Colmbatore, black and red. Four

semples of these solls were collected from difforent locations.

From the sbove seven soll types, four solls which were
of low nitrification and one soil with hich nitrification were
used for the pot experiment. The list of the 22 soll semples
selected for lsboratory study 18 given in Table 1.
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Table 1. S04l samples selected for laboratory atudy

S.No. Soil type Location

1 Laterite soil Vellanikkara -~ crop museum
Vellanikkara - vegetable plot
Mulsmkunnathukavu 1
Mulamkunnathukavu 2

2 Red soil Muttackad
Keeazhoor
Pilicode ~ N. block
Pilicode = New area

3 Alluviasl soil Manaloor
Manaloor
Manaloor
Manesloor

LT PR S B

4 Forest soil Vazhachal
' Thiruvaghamkunnu

Sholayar 1

Sholayar 2

5 Black soil Eruthiyampathi 1
Eruthiyampathl 2
Eruthiysmpathi 3
Eruthiyampathi 4

6 Coimbatore Coimbatore
red soil
7 Coimbatore Coinbstore

black soil
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A -~ Loboratory experimentg
Experiment No.l

A laboratory incubation study was undertaken to assess
the nitrifier poprulation in each soll by the method of most

probable numbers (MPN) (Alexander, 1982).

Datsils of the inm_lbgt:lon study

One ml of the ten-fold dilution series of soil upto
10”7 was added to liquid culture media for nitrite and nitrate
oxidizers. The incculated tubes were incubated for four weeks
at room temperature and the growth in each tube was recorded
as elther positive or negative. From that count the numbers

of Nitrosomonas and Nitrobacter in each acll sample vere

calculated using the table for most probable nurbers (Cochran,
1950) .

Expariment No.2

This experiment was almed to pssess the nitrification

rate of sollsg after the addition of 100 ppm nitrogen as urea.

Detpils of the incubation study

One kg each of 2 mm sieved soil samples waz teken in a

plastic bucket with 1lid and mixed with urea to supply 100 ppm
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M. Sufficlent water was added to bring the'moisture lavel
to 60% of field capacity and this molsture level was maine
tained throughout the reriod of incubation by freguent
replenishment of water lost. Samples were drawn at intervals
of 5, 10, 20 and 30 days for determination of ammoniacal and
nitrate nitregen. Nitrite nitrogen was not detected in
measurable amounts and hence its estimatlion was not carried

out. Rate of nitrification was calculated as below.

IJOE-N + Noa-n s 100
Rate of nitrification (%) = '
NHX—N + NOZ-N + NOJ-N

E0il analysis

Soil samples drawn were immediately extracted for 1
hour with 2 M neutral KCl solution and £iltered through
Whatman No.42 filter paper. The extract was used for analysis.
Ammoniacal and nitrate nitrcgen were determined by steam

distillation method (Bremner, 196%).

Experiment No.3

The objective of this exporiment was to relate the
chemical properties of soil to nitrifier population and
nitrification rate, For this, the soils were analysed for

pH, free Aluminium oxide, free Iron oxide, exchangeable Ca
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and organic carkon., The pH of the soil was found using a pH
meter. Free Iron oxide and Alumina were extracted uwaing
dithionite citrate bicarbonate extraction method (Mehga and
Jackson, 1960). Exchangeable Ca was determined by versonate
mathod (Hesse, 1971). Organic carbon in the soill was Geter-
mined by Walkley and Black method (Jackson, 1958),

Experiment Ho,4

The objective of thig study was to £find the effect of
s0il amendment on nitrification. 7This study was conducted
in four scills which were ldentified as having the lowest
rates of nitrification and one with high nitrification. From
Experiment No.3 it was found that pd had positive corralation
with nitrification rate. Lime requirement of the soil was
detemined by incubating the soll at 60% €ield capacity with
different gquantities of Cal0. Eoil samples were drawn at 3
days interval till the pH of the scill stabilised, From the
graph plotted with pH against different levels of Cal, the

quantity of Ca0 required to reach pH 7 was found,

Sets of 250 g of each goll after passing the entire
quantity through 0,5 mm sieve were taken in plastic buckets
with 1id and were mixed with different levels of Cad viz. O,
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25, 50, 75 and 100% of lime requirement. Sufficlent water
wag added to bring the moisture level to 60% of field
capacity and this moisture level was maintained throughout
the reried of incubation. &So0il samples wore drawn at 3 daye
intervals to £ind the pH, On the date of piH stébiliaation.
free Aluminium oxide, free Iron oxide and exchangeable Ca in
the solls were determined and the soils were mixed with urea
to supply 100 ppm N, From this, soampleg were drawn after 5,
10, 15, 20 and 30 days for determination of ammonlacal
nitrogen and after 20 and 30 days for determination of
nitrate nitrogen by steam distillation method. Treatments

were replicated twice.

B_~ Pot_exceriment

A pot experiment was laid cut to study the response to
application of two standard nitrification inhibitors, Negerve
and nesm, cake on & crop of fodder maize suppllied with nitrcgen

at 100 pmm with and without amendments.

Soilm

The so0ils selected for Experiment No.ﬁ warg omlected

for pot expreriment,
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Seanon_and climate

The pot exparliment was conducted during the vericd
from 20th Augqust 1988 to 19th October 1998. The moteorolo-
gical data for the crop pericd gre presented as weekly
average in Appendix I, The maximum temperature during the
crop period renged between 29.6°C to 31.8°C and the range
of minimum temperature was from 22,4°C to 24,6°C, Rainfall
was almost distributed throughout the growth period of the
cerop and a total of 959.7 mm rainfall was received over a

pexiod of 49 days.

Lgxgut

The experiment was laid out in completely randasmised

block design with three replications,

Ireatmants

T1 Without nitrification inhibitor and without ame?dmen§
I A
oo

Without nitriflcation inhidbitor and with amendment (IOA)
With neem cake and without amendment (KC Ao)

With neem cake and with esmendment (MC A)

L - .
e w W

Hith Neserve snd without =zmendment (NS Ao)

)
)

With N-serve and with amendment (NS A)
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Planting materingls

Test crop $ TFodder malze

Variety ¢ Gange-5
Pot culture

Sieved soll at the rate of 7.5 kg on ovaen dry basis
wags used for the pot experiment. The lime treated soil was
maintained at 60% f£ield capacity for cover 9 days for pH
stgbllisation before planting. Cultural practices recommended
in the Package of Practices (KaU, 1986) were followed., Seeds
wore dibbled at 5 cm depth and gap £1lling was done on seventh

day. Waterlng was dono as and when needed.

Fartiliver gpplication

Hitrogen at the strength of 100 prm in the form of

urea was applied basally on the date of scwing.

After cultivation

= e e e et R e R s e

Weeding, plant protection measures etc., were carried
out. The rots were kept weed~free throughout the experimental

rericd.
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Observationm

1. Srowth charscters

Plant height -

Height was recorded at 15 days interval from the base
of the plant to the tip of the longest leaf and the mean

height was worked out.

Dry matter production

After harvesting, the plants were oven dried to conatant
weight at 70 £ 2°C and the total dry weight wes expressed ae g

plant-l °

2, Chemical snnlysig

The plant samples were ground and N contents were

determined using micro-Kjeldahl method (Jackson, 1958).

Uptake of nitrogen

The nitrogan contents were multiplied with their dry

matter production and uptake was expressed as mg plant"i.

Etatisticnl anglyais

The data from the lsboratory study were subjected to
correlation and those from the experiment to analysis of

varianco technique {Panse and Sukhatms, 1967).
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RESULTS

The data from the lsboratory experiments are
prosented first and these are followed by the results from

the pot experiment.

A, Loborastory experiments
Experiment No.1

This leboratory experiment was to amsess the nitrifier

population in soil by the method of most probable numbers.

Nitrosomonas and nitrobacter population (Tsble 2)

The overall mean nitrifier population in 10 g of
laterite soll was 70 and 384 of Nitrosomonag and Nitrobacter,
respectively. The corresponding mean counts in red soil wera
B85 and 95, in alluvial soil 78 and 230, in forest soll 120
and 6203 and in black soll 17 and 345. Nitrogomonas populations
in Coimbatore red and black soils were 5 and 20, respectively.
The Nitrobacter population in red soll was 3300 and that of
black sodl, 2500. |

Among the total of 18 sampleg assayed for populations
of Hitrosomonas and Nitrobgcter, thers were indicationz of
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Table 2. Most probable number of nitrifying bacteria in
10 g soil
S.No. Typ2 of soil end Nitrosomonam

location

Nitrcbacter

Laterite soll

Vellanikkara ~ crop museum

Vellanikkara - vegetable
' plot

Mulankunnathukavu
Maan

Red soil

Mutteckad

Kaaghoor

Pilicoda =- N, block
Pilicode - New area
Maan

Alluvial soil

Manalcor 1
Megn

Forest soll
Veghachal
Thiruvazhamlaunnu
Sholayar 1
Sholayer 2

Mean

Black soil
Eguthiyampathi 1
Eruthiyampathl 2
Epruthiyampathi 3
Eruthlyampathi 4
Megn

Colmbatore red soil
Coimbatore black soil

210
70

330
11

85

78
78

400
78

120

45

17
17

20

330
790

33
384

130
23
220

95

230
230

23000
280
1300
230
6203

220
790
330

49
345

3300
2500
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the presenco of Nitroscomonas only in 12 semples, whereas
Nitrobgetors were noted in gll) the semples. Comparing

batween mean populations of soll types, the lowast number of
Nitrosemonas of 5 was noted in Coimbatore red soll and the
highest number 120 in forest soll. In the cese of Nitrcbacter,
tﬁe corresponding values were 9% in ped s0i1l and 6203 in

forest soll,. .

Exporiment No,2

The aim of this experiment was to assess the nitrifi-
cetion rate of solls after the addition of 100 ppm nitrogen
as urea. Assegssment was made through estimation of HHI and

NOE-N contents,

Amroniscal nitrogen (Table 3, Pig.l1)

The NH:-N in laterite, red and forest sclls increased
to 120.6 ppm, 103.8 ppm end 89 ppm, respectively on 30th day
from 112.3 ppm, 95.4 ppm and 63.2 ppn on 5th day after incub-
ation. In alluvial and black solls ﬁhe’NHX—N decresased with
incubation paricd. The values of NHI-N in alluvisl soil were
104.5 ppm on 5th day and 76.5 ppm on 30th day. The corres-~
ponding values in black soil were 57.7 ppm and 33,5 ppm. The

Coimbatore rad and black solls also showed a decreame in NHZ-N
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Table 3. Content of ammoniacal nitrogen in goil after varying
periods of incubsgtion
Content of NH:-N {ppm)
gé 501l type and loecation Days after incubation
5 10 20 30
h | Lgtarite soil
Vellanikkara crop museum 86.5 99,3 104.4 127.3
Vellanlikkara wvegetable 127,.3 122.1 098.7 122.1
plot
Mulamkunnathukava 1 117.1 117.1 106.9 122.2
Mualemkunnathukavu 2 118.3 105.4 108.0 110.6
Msan 112.3 111.0 104.5 120,.6
2 Red soil ‘
Muttackad 106.9 106,9 114.5 21.6
Keazhoor 78.9 78.9 127.2 104.4
Pilicode - ﬂs block 105.0 115,5 110,3 97.1
Piliccde - New grea 90.9 93.5 83,1 122.1
Mean 95.4 08,7 108,88 103.8
3 Alluvial soil - '
Manaloer 1 101.8 " 106.9 84,0 104.4
Manaloor 2 113.4 93.3 80.6 95.0
Manaloor 3 101.,.8 89,1 58.5 71.3
Manaloor 4 100.8 75.6 37.8 35.3
Mean 104.5 91,2 65,2 76,5
4 Forest soil
Vazhachal 31,2 70.1 39.0 23,4
Thiruvazhamicunnu 47.3 105,0 152.3- 115,5
Sholayar 1 88, 93.8 99.2 115.3
Sholayar 2 85.8 107.2 88,5 101,9
Mean 63,2 94,0 94,8 89.0
5 Black soil
Eruthiyampathi 1 46.8 83.1 26,0 41,6
Eyuthiyasmpathd 3 44 .6 13.1 0 0
Eruthiyampathi 4 89,6 89, 106,.5 92.4
Mean 57.7 57 .0 33,8 33.5
Coimbatore red eoil 96.5 104,6 1256,0 85.8
7 Coimbatere black soil 47.8 42.4 2.7 0

— — i o -
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with incubation time. The valuas of NHz

red s0ll were 926.5 ppm on 5th day and 85.8 prm on 30th day.

~N in Coimbatore

In the corresponding perlod., the values in Colmbatora black
poll were 47:8 ppm and 0 ppm.

'Among the Karala.soils. on 5th day afier incubation
the highest content of NH;-N was noticed in laterite soil
(112.3 ppm) and lowest in black soil (57.7 ppm). On 10th
day, meximum ammonium content was in laterite soil (111 ppm)
and minimum in black soil (57 ppm). On 20th day, the highest
gmount was in red soil (108.8 ppm) and lowest was in black
s0il (33.8 ppm). On 30th day, the corresponding figures were
120.6 ppm in laterite soil and 33.5 ppm in black soil.

In two of the five soil types in which semples from
multiple locatlons wore included in the study there was
subgtantial decrease in NHE-N content, These are the alluvial
and black solls. In the laterite and red soils, there was no
consistent trend of change over the period from 5 to 30 days.

In forest soll, on the contrary, the trend was one of increase
in content. In the case of the two lone'samples from Colmbatore,
there was substantlal decrease in the black soil snd lack of

it in the red.

Another important feature of the results was that the

HH;-N content values were around 100 ppm a2t the first estimat-
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lon five days after Incubation in almost all thae solls.
There were, however, strong exceptions to this in the forest
and black solls wherse the valuss ware nearly helf as much at

this stage.

Nitrate nitrogzn (Table 4, Pig. 1)

The mean values are presented in the table after
deleting the sbnormal valuas noticed (152.7 ppm in laterite
soll, 462,4 ppm in red soll and 181.1 ppm in black soil).

The mean KO3-N in laterite soil decreased from 6.5 ppm
on 5th day to 1.7 ppm on 30th dgy after incubation. In red,
alluvial =nd black soils the NHX-N content showed a trend
though inconsiatent, of increase with time. The values of
NOy~N on Sth and 30th days after incubation in red, alluvial
end black soilg in ppm were 4.5 and 7.1, 12.7 and 45.4 and
25.5 and 66,5, respectively. In foreat soil, the mean ND;"N

content remained steady throughout at around 30-40 ppm.

Among the Kerala soils, on 5th and 10th éays after
incubation, the highest amouni of NOE-N was observed {n forest
soll (35.8 ppm and 40 ppm, respectively) ond lowest in red
soll (4.5 ppm) on 5th day and on 10th day in lsterite soil
(9.3 ppm). On 20th day end 30th day the highest amount of
NOE-N was noticed in black soil (54,1 ppm and 66.5 prm,
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Table 4. Content of nitrate nitrogen in soil after varying
periods of incubation

Content of Nog-n {ppm}

8. - -—-
No. J0il type and location Days after incubation
5 10 20 30
1 Laterite soil )
Vellgnlkkara crop museum 0 15,3 0 152,7*
Vellanikkara vegetable 0 7.8 5.2 0
plot
Mulamkunnathukava 1 22,0 3.8 1.3 0
Mulamlcunnathukavu 2 3.9 10.3 7.7 5.1
Mean 6,5 9.3 3.6 1.7
2 Red so0il
Muttac:kad 706 1.3 0 16.6
Keazhoor 10,2 54,7 0 3.8
Pillicode - Nﬁ block 0 246 0 0
Pilicode - New area 0 v} 462 .4% 7.9
Mean 4,5 14.7 0 7.1
3 Alluvial soil
Manaloor 1 6.4 1.3 56.0 16,6
Manaloor 2 0 7.5 13,9 62.5
Manaloor 3 38.2 1207 49 07 36-9
Manaloor 4 6.3 44.1 82,2 65,5
Mean 12.7 16.4 50.5 45.4
4 Forest soll
Vaghachal 89.7 14,3 110.4 126 .0
Thiruvazhemkunnu 57 .8 78,.8 0 0
Sholayar 1 25.5 23,6 0 5«4
Sholayar 2 0 13.4 18,8 12,1
MGEn 35.8 40.0 32.3 35.9
5 Black soil
Eruthiyampathi 1 50.7 14.3 T1.4 55.9
Eruthiyampathi 2 2.6 49,9 ie1.1* 118,1
Eruthiyesmpathi 3 40,7 85,3 85,3 91.9
Eruthiyampathi 4 8.4 1.4 565 0
Mean 25.6 37.7 54.1 - 66,5
6 Coimbatore red soil 84.5 2.7 0 0
7 Coimbatore black soil 31.8 43.8 102.1 33.2

—— - — - —— o ——— —p— ]

*Daleted abnormal values
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raspectively) and lowest in red soil (0 ppm) on 20th day
and in laterite soil {1.,7 pom) on 30th day.

Among the five Kerala soils, there was ‘more or less
oteady and substantial build up of NOE—N content in the
alluvial and black soils with advancing period of incubstion
wheragse there was no such trend in the red and laterite
soils., In forest soll, the content remained at about 30-40

prm throughout.

A comparison of the absolute values of these soils
indicated that the mean values were relatively high for
alluvial and black solls especlally towards later stages of
incubation and low for the red and laterite. The values of

the forest moils were intermedigte.

Nitrification rate (Table S, Fig. 2)

The mean values are presented in the table gfter
deleting the abnormal values noticed in laterite soil (54,.5%)
end in red soil (84.8%).

In laterite and forest s90lls, the rate of nitrificat-
ion decreased with incubation period. Nitrification rate in
laterite 2o0il on 5th day was 4.8% and on 30th day, 1.5% and

the corresponding values in forest soill weras 35.8% and 22.2%.



Table 5, Nitrification rate in scil asfter varying periods of
incubation
Nitrification rate %
s 9 b L -—
No. Soil type and location days after incubation
8 10 20 30
1 Laterlte scil
Vellanikkars crop museum 0 13.4 0 54 ,5*
Vellanikkaras vegetable 0 6.0 5.0 0
plot
Mulenkunnathukavu 1 15.8 3.2 1.2 0
Mulemkunnathukavu 2 3.2 8.9 6.7 4.4
Mean 4:8 709 302 1.5
2 Red scil
Muttal:kad & .6 p 02 0 15. 3
Keazhcor 11,5 40,8 v} 3.5
Pillicode - NE block 0 2,2 0 0
Pilicoda - New pgrea 0 0 B84 ,8* 6.1
Mean 4,5 11.1 0 6,2
3 Alluvial soil
Manaloor 1 5.9 1.2 40,0 13,7
Manaloor 2 0 7.4 14,7 39.7
Mangloor 3 27.3 "12,5 45,9 ' 34.1
Manaloor 4 5.9 " 36,8 68,58 65,0
Maan D.8 14,2 42,3 . 38,1
4 Forest scoil
VQZhBChal 65 .? 16 09 7309 841:3
Thiruvazhasmkunnu 55,0 42,9 ) 0
Sholayer 1 22.4 36,4 0 0
Sholayar 2 0 ii1.1 0 4,5
Mean 35,8 26,8 18,5 2242
) Black soil
Erutiyempathi 1 52,0 14,7  73.3  57.3
Eruthiyampathi 2 5.0 54,3 98.5 100
Eruthiysmpathi 3 47.7 86.7 100 100
Moan 28,3 39,3 §9.2 64,3
6 Coimbatore red soil 46,7 2.5 0 0
7 Coimbatore black soil 40,0 50.8 97.4 100

“Daleted zbnormal values
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In red, alluvial and black scils, the nitrification ratae
increased with incubation period. 1In red socil maximum
nitrification was noticed on 10th day (11.1%) and in alluvial
and black so0ils on 20th day after incubation (42.@% and
69.2%, respectively). In Coimbatore red soil the ﬁaximum
nitrificetion was on 5th day (46.7%) and in black.soll on
30th cay (100%).

Among the Kerala soils, the maximum nitrification on _
£1fth day was found in forest soll (35.8%) and minimum in
red soil {4.5%). On 10th and 30th days, maximum nitrificat-
jon was noticed in black soil (39,3% and 64.3%, raspectively)
and minimum in laterite soil (7.9% and 1.5%, respectively).
On 20th day highsst nitrificstion rate was noticed in black

s0dl (69,2%) and there was no nitrification in red soil.

Among the flve Kergala soils, the rate of niirificat-
lon increased with incubation pericd in alluvial and black
solls. In laterite and red soils the nitrificstion rate
increased slightly by 10th day of incubation and thereafter
docreased whereas in forast soll the maxisum nitrification
was noticed on 5th Qay there being a more or less steady

decrease afterwards,

A comparlscn of the absolute values of these =moills

indicated that the mean values were relatively high for
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alluvial and black seils esrecially towards the later stages
of incubation and low for red and laterite. The values of

the forest solls were intermediate.:

Experiment Neo,3

The objective of this experiment wasa to relate the
chemical propertics of soll to nitrifier ropulition and
nitrification rate. For this the poils were analysed for
pH, free Aluminium oxide, free Iron oxide, exchangeable Ca

and organic carbon. Data are presented in Table 6,

Among the Kerala soils, black soil had the highest
pH (8.,1) and laterite soil had the lowest (5.65). The
Coimbatore red soll had pH 8,15 and that of black soil, 8.2,

The free Aluminium oxide was highest in black soil
{79 prm) and lowest in forest soil (32 prm). Free Aluminium
oxide content in Kerala soils was in the order, forest soil
(32 prm) < laterite soil (42 ppm) < red soil and alluvial
soil (GB ppm) and ¢ black soil (79 ppm). The Coimbatore
red soll did not have ﬁeaaurable amounts of free Aluminium

oxide. The content in black soil was 42 ppm.

The mean free Iron oxide was highest in laterite soil
(16176 ppm) and lowest in black coil (2360 prm). The free Iron
oxide in Kerala soils was in the order black scil (2360 prm)



Table 6. Chemical rrorerties of solls selected for laboratory study

Frea Alu- Free Iron Exchane

minimum oxide geable
51. Soil type and oxide (prm) Ca (%)
No. location pH (opm)
1 laterite soil
Vellanikkara crop 5.8 42 18191 0.05
museum
Vellanikkara 5.5 42 S501 0.05
vagetable plot
Mulamkunnathukavu 1 6,0 42 15000 0,086
Mulamkunnathukavu 2 5.9 42 21612 0.05
Mean 5.65 42 16176 0.05
2 Red gail
Keaezhoor 6ol 68 16283 0.05
Piliccda - NG block 5.7 68 18684 0.04
Pilicode - New area 5,95 68 15803 0.04.
Mean 6,03 68 15831 0.05
3 Alluvial soil
Manalcor 1 6.4 &8 1809 0.05
Manaloor 2 Ge3 68 1480 0,04
Manaloor 3 6.4 68 4474 0.06
Manalcor 4 6,45 68 4112 0.06
Mean 6,39 68 2969 0.05
4 Forest gcil
Vazhachal 6.1 42 9046 0,12
Thiruvazhamkunnu 5.9 42 19803 0.13
Sholayar 1 5.8 0 11414 0.13
Sholayar 2 5.9 42 12401 0.13
Mean 575 32 13166 0.13
5 Black scil
Eruthiyampathi 1 8.2 42 1809 0.47
Eruthiyampathl 2 8.2 42 1809 0.36
Eruthiyampathi 3 0.2 1i5 724 0.40
Eruthiyampathi 4 7.8 115 5099 063
Mean 8.1 79 2360 0,47
6 Coimbatore red soil 8.15 0 7270 0.53
7 Coimbatore black soil 8,2 42 2303 0.63

Organic
carbon
(%)
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alluvial soil (2969 prm) ¢ Forest soil (13166 ppm) < red
soil (15831 ppm) and < laterite soil (16176 ppm). Among
the Coimbatore soils, red =o0il contained lower guantity

of free Iron oxide (2303 ppm) than black soil (7270 ppm).

Mean exchangeabla Ca was highest in black soil
(0.47%#) and lowest in laterite, red and alluvial soils (0.05%),
Forest soil contained 0,13% exchangeable Ca. The exchangeable
Ca content in Coimbatore red soil was 0,53% and that of black
goll, 0.63%,

The forsst soil contained the highest organic carbon
ccntenf of 3.7% and black soil coptained the lowest (0,.6%).
The meén orgaﬁic carbon content in the Kerala moils was in the
order, black soill (0.6%) < Alluvial soil (0,8%) < laterite
soil (1,0%) ¢ red soil (1.1%) and { forest soll (3.7%). The
orqanié carbon content in Coimbatore red soil (0.3%) was
lower than that of black soil (0,.6%).

Relation of chemical proparties of soil with nitrifier
rornlation, contents of nitrogen fractions and nitrification

rate

Simple correlation ccefficients of chemical proporties
of s0il (pH, free Aluminium oxide, free Iron cxide, exchangeable

Ca and organic carbon) with nitrifier population (Nitroscmonas
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and Nitrobacter), contents of nitrogen £ractions (NH:-N,
NOE-N) and nitrification rate were worked out. These are

given in Table 7.

No significant corfrelation was obtained relating the
nitrifier ropulation with the chemical properties of soil
such ag pH, free Aluminium oxide, free Iron oxide, exchzan-

4

geabla Ca and organic carbon and also with the NH,-N, NOE-N

and nitrification rate,

Soil pH bhad significant negative and free Iren oxide
significant rositive cofrelation with NHE-N at all reriocds
axcert during the 5th day where the correlation between NH27N
and free Ircn oxide failed to attain the level of significance,
Exchangeable Ca also registered significant negative correlat-
icn with Nﬁz-ﬁ on 5th, 10th and 30th days after inéubation.l
It was also found that pH had significant positive correlat-
ion with nog-r: on Sth day and with nit¥ification rate on Sth,
20th and 30th days after incubation. Pree Iron oxida hagd
significant negative correlation with HOS-N and nitrification
rate on 20th and 30th days after incubation. Exchangeable Ca
had significant positive correlation with NOE-N content and
nitrificaticn rate only on 5th day after incubation. At

other stages, the correlaticn was statistically not significant.



Table 7 - Correlation Coelfficient (7 ) batweer; chezical propoerties of soil nitrifier population, nitrogen fractions and nitrification rate

“-it;’ifier + — —
population Ed, - ¥ K0T - W Hit=ificAtion rate
Factora Hitroso- Fitro- Days after incubation Days after incubation Daye after incubation
mones bactor
5 10 20 30 5 10 20 30 5 10 20 30
L] -+ L2 L3 ] * "k_‘ * * L L 2
Soil pH 0.2296  0.289% -0,5149 =0,6732 -0,5918 ~0,7264 ©0.4252  0.2%)5 0.3577 0.4018 0.4358 0.4198 0.4724 0.6017
free Aluminium oxide -0.0304 0,0367  <0.0133 -0,3212 -0.2005 -0,1889 ~0.3366 0.0533 0.1953 0.1526 «0.1925 0.1428 0.2673 0.1773
e e P ’ ™ el - "
Eree Iron oxida 0.0954 -0.3032 0.2500 0.5385 0.6845 0.68035 ~0.1914 ~0.0963 0,446 -0.5719 -0.2383 -0.2843 -0.4804 -0.6497
L2 * L ] * *
Exchangable Ca 0.1061  0,3773 —0.4387 ~0.5133 =0.3993 ~0.5583 0.4532 0.1729 0.1761 0.1588 0.4636 0,3098 0.2589 0.3994
Organic Carben ~0,2270 «0.2412 -0.2944 0.1136 0,0905 0.0696 6.1919 0.1006 0,1279 0.1754 0.2928 -0.0123 -0.0441 .=-0.0396
Kitrosomonas population 0.0848 0.2108 0.3106 0.2554 =0.100T 0.0039 -=0.1708 =0,1907 ~0,1207 ~0.0880 -0.2582 ~0.2653
Nitrobacter populstion 0.0582  0.1353 0.0403 0.0964 ~0.2616 -0.1369 -0.8657 -0.0369 ~0.2708 ~0.1324 <0.1806 .-0.0551

* giginificant at 5% level

#%  Significant at 1% level.

gy
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Free Aluminium oxide and organic carbon contents of
scll were found to have no significant relation with NH;-N.

NOS-N and nitrificatlion rate.

Exporiment No.4

The objective of this experiment was to study the
effect of soil amendment on nitrification. This study was
conducted in four scils which were identified as having the
loweat rates of nitrification and one with high nitrificat-
lon rate. The solls selected were laterite soil from
Vellanikkara crop museum, red solls from Muttackad and
Pilleode and forest solls from Vagzhachal and Sholayar. From
Experiment No.3, it was found that pH and pH-related factors
had significant positive correlétion with nitrification rate.
The Boils were therefore amended with different levels of
lime requirement viz., 0, 25, 50, 75 and 100%, After pH
stabllisation nine days after treatment, pH, free Aluminium
oxide, free Iron oxide and exchangeable Ca were determined
to correlate these with nitrification. The amended s0ils were
then incubated after adding nitrocgen at 100 ppm as urea and
contents of NH: and NOS nitrogen estimated at varying

intervals.



&1

pH {(Table B8)

In all the five scils, the pH increased steadily with
increasing addition of lime. With 100¥% lime requirement,
tho soil ¥ rose to 7 in laterite and Sholayar soils, to 6.9
in red soils and to 6.7 in Vaghachal soil,

Free Aluminium oxide (Table 8)

Free Aluminium oxide content showed no consistent trend
of variation in any of the soils. In Vellenikkara soil it
ranged from 23 to 57 prm, in Muttackad soil 18 to 43 ppm
{the abnormal values of 489 and 208 ppm doleted), in Pilicode
soil 4 to 32 ppm, in Vazhachal soil 14 to 78 ppm and in
Sholayar soil 27 to 43 ppm,.

Free Iron oxide (Table 8)

Frece Iron oxide content also 4id not shew consistent
trend in any of the soils tested. In Vellanikkara soil the
frec Iron oxide content ranged from 14167 to 25000 ppm, in
Muttackad soll 7632 to 15000 ppm, in Pilicede soil 7639 to
17361 ppm, in Vaghachal soil 3056 to 8334 ppm and in Sholayar
soil 9722 to 11944 ppm.
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Table 8. Chemical prorerties ¢of soil after liming

S, 801l typa and Level of pH Free Alu- Free Iron Exchange-
No. location lime re- ninium oxide able
quirement oxido {ppm) Ca (%)
o (%) {ppm)

1 Laterite scil

Vellanikkara 0 6.4 23 14167 0.06
crop museum 25 6.6 43 24167 0.12
-B0 6.8 43 15694 0.12
78 6,9 57 25000 0,14
100 7.0 23 15694 0,18
2 Red soil
Muttackad 0 5.5 23 18000 0.07
25 6,0 i8 11944 0,08
50 6.5 450% 1112 0.11
75 6.5 208* 7638 O.14
100 6.9 43 7639 0.16
3 Red soil
Pilicode 0 5.5 29 17361 0,02
N6 block 25 5.8 4 7639 0.04
50 6e3 32 8333 0,09
75 67 27 11944 0.13
100 6.9 4 8333 0.18
4 Forest soil
Vazhachal ¥ 5.45 14 5000 0,05
25 5.9 ae 6944 0,12
50 G2 78 8334 0.18
75 6.6 43 3086 0,26
100 6.7 47 3611 0.34
5 Forest soil |
Sholayar 1 0 6.3 43 10417 0.10
2% 6.5 38 8722 0.18
&0 6,7 27 11111 0,186
75 6.8 32 11944 0,20
100 7.0 38 10417 0.22

*Deleted abnormal valuvesn
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Exchangenble Ca (Table B)

Exchangeable Ca in the five soils tested steadily
increased with addition of lime. With 100% lime requirement
the exchangegble Ca increased in Vellanikkara soll f£rom 0,06%
to 0.18%, in Muttackad soil 0,07% to 0,16%, in Pilicode soil
0.02% to 0.18%, in Vazhachal soil 0,05% to 0,.34% and in
Sholayar soil 0.1% to 0,22%.

Ammoniacal nitrogen {Table 9, Fig. 3)

Tha Nﬂz-N content was determined 5, 10, 15, 20 and
30 days after incubation, On 5th day after incubation, NHZ-N
content increased in all the five soil samples with increased
levels of lime. ©On 10th, 15th, 20th and 30th days after
incubaticn, the NHZ-N content increased with increasing levals
of lime‘only in Vellanikkara and Pilicode soils. Throughout
the experimental periled, the trend of change in NHZ-N content
in all soills was not consistent except in Vazhachal soil whero
there was a steady decrease in content with ;ncreasing levels
of lime. The range of NHZ-N was from 43.4 ppm to 71.4 ppm in
laterite soil, 58.1 ppm to 79.8 ppm in Muttackad soil, 70 ppm
to 118.3 ppm in Pilicocde soil, 4.9 ppm to 49 ppm in Vazhachal
goll and 82.6 ppr to 124.,6 ppm in Sholayar soil,



Table 9. Content of ammoniacal nitrogen, nitrate nitrogen and nitrification rate after
various periods of incubation in scoil after liming

NH+—N ( ) NO_—N ( ) Nitrificstion
Levels of 4 Pr 3 Pr Rate (%
Sa So0il types and lime raw .
No. locaticn quirement _ Days after incubation Days after incubation _
(%) 5 10 i5 20 30 20 30 20 30
1 -2 3 4 5 6 7 8 9 10 11 12
1 Laterite s0il
Vellanikkara 0 5l1.1 61.6 43,4 52,5 44.1 24,5 74.9 31.8 62.9
Crop museum 25 55,3 58.8 48.3 71.4 64.4 17.9 19.6 20,0 23.3
50 57.4 63,0 56.0 67,2 859.5 37.8 28,0 36.0 32.0
75 51.1 63.0 52,5 65. 56.0 48.7 23.8 42.8 29.8
i00 61,6 58,8 653.2 65.1 60.9 60,9 23.1 48,3 27,5
2 ERed soil
Muttackad s} 64.4 79.8 80,5 78.4 76.3 9.1 2.7 10.4 3.4
25 67.9 73.5 77.0 74.2 71.4 0 3.6 0 4.8
50 83,3 60,2 71.4 74.2 68B.6 8.1 8.4 9.8 10.9
75 73.5 63.0 68.6 77.0 69.3 36.8 9.7 32.3 12.3
100 65.1 58.1 60.9 69.3 63.0 44,5 7.0 3.0 10,0
Contd.



Tabla 9. Continued .
1 2 3 4 5 6 7 8 9 10 11 12
3 Red s0il .
Pilicode - NG block 0 T73.5 2.8 71.4 81,9 70.7 30.1 2.1 26.9 2,9
25 74.9 86.1 72.8 79.8 70.0 13.0 10,5 14,0 13,0
S0 82.6 79.8 T7.0 .84.0 78.4 28.0 9.1 25.0 10.4
75 75.6 100.8 82.6 .91.0 90,3 21.0 ie.s5 18.8 15.5
100 77.0 11£.3 88,2 95.2 102.2 16.8 0 15.0 0
4 TForest soll _ .
Vazhachal 0 46,2 32.2 23.1 28.9 16.1 70.9 T4.9 71.0 g2.3
- 25 47.6 22.4 10.5 10,5 14,7 87.5 74 .6 89,3 g3.5
S0 41,3 20.3 g.4 8.4 T7 96.6 1400.8 92,0 22.9
75 49.0 13.8 5.6 10,5 7.0 101.% 24,5 20.6 93.1
100 49.0 16.8 4.9 9.8 9.1 100.5 83.7 21.1 90,2
5 Forest soil
Sholayar 1 0 g2.,6 120.,4 103.8 124.6 101.5 32.9 29 .8 20.9 22,7
25 116,9 106,4 114.8 118.,7 107.1 55.3 27.7 31.6 20.6
50 107.8 98.0 102.2 107.1 89,6 55.7 60.9 34,2 40.5
75 107.8 106.4 101.5 109.9 91,7 T5.6 37.8 40.8 29,2
100 109.2 1i0.6 107.1 123,9 20,3 42.8 63.7 25.7 41.4
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On comparing the NH;-N in different solls with

different levels of lime raguirement and incubation time,

it was noticed that the values were lower in Vazhachal soil

and substantially higher in all the others.

Nitrate nitrocgen (Table 9)

The NOE-N content was determined 20 and 30 days after
incubation. 1In this cage also the data obtained were not -
consistent for the effect of liming. Comparing between soil
types there was substantial accumulation of NOE-N only in
Vazhachal soil., The ranges in values for the different soils
were from 17,9 ppm to 74.9 ppm in laterite soil, 0 ppm to
44.5 ppm in Muttackad soil, O ppm to 30.1 ppm in Pilicode
soll, 70,9 ppm to 101.5 ppm in Vazhachal soil and 27.7 ppm
to 75.6 ppm in Sholayar soll.

Nitrification rate (Table 9)

The nitrification rate was determined on 20 and 30
days after ineubation. Only in Vazhachgl forest scoil 4id
nitrification rate increase with increasing levels of lime,
Maximum nitrification was noticed on 30th day after incubat-
ion in this soll when treated with lime at 75% requirement
(93.1%) . In other soils the data obtained were not consistent.

The range in values for the different soils were from 20 to



62,9% in laterite soil, 0 to 39% in Huttackad soil, 0 to
26.,9% in Pilicode goil, 71 to 93.1% in Vazhachal soil and
20,6 to 41.4% in Sholayar soll.

It is to be concluded that consistent varlation in
contents of NHZ-N ang NOS'N was not observed in any of the
s0il samples except Vazhachal forest soll, where a sub-
stantial decrease in NH:-N and increase in Nog-n with high
levels of limc were noticed. Liming, thus, appeared to hava
beneficial effects on nitrification only in Vazhachal forest

soll,

Relation between chemical properties of amended soil and

content of nitrogen fractions and _nitrificaticn rate

Simple correlation coefficients between chemical
prorerties of amended soil (pH, free Aluminium oxide, free
Iron oxide and exchangeable Ca) and nitrogen fractions
(NHI-N, NOE;N) and nitrification rate were worked out. These

are given in Table 10,

Free Aluminium oxide, freé Iron oxide, exchangeable Ca
and pH had no significant correlation with NHI-N content, It
-wag also found that pH and free Aluminium oxide had no
significant correlation with NOE-N content and nitrification

rate of the scils tested, On 20th and 30th days after



Table 10. Correlation coefficient (r) between chemical properties of amended soil, nitrogen
fractions and nitrification rate

Chemical propertiesn

+ v Nitrification
NH d-t'-’ (o) 3-N’ rate
Days after Days after
Days after incubation incubation incubation
5 10 15 20 30 20 30 20 30

Soil pH
Free Aluminium oxide
Free Iron oxide

Exchangeable Ca

0.2517 0.2068 0.1750 0.2374 0.2365 0.1439 0.0241 0.0062 -0.0827
0.0819 -0.1404 0.0005 =0.0220 =0.0119 «0.1706 =0.1525 =0.1355 =0.1283
~0.0356 0.2212 0.2162 0.2664 0.2948 -0.4261 ~0,4016 -0.4285 -0.4083
0.0920 -0.1824 -0.1881 ~0.1765 -0.1970 0.6462 0.4641 0.5154 0.4336

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

on
-
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incubation the ND;-N content in the soil and nitrification
rate had significant necative correlation with £ree Iron

oxide and positive correlation with exchangeable Ca,

Pot _experimwent

The results from the pot experiment that was laid out
to stﬁdy the response to application of two standard nitrifi-
cation inhibitors, N-serve and neemcake on a crop of fodder
majize supplied with nitrogen at 100 prm with and without

amendment are furnished in this section.

Plant heioht (Table 11, Appendix 1I)

No significant difference was noticed between treatments
in respect of plant height on 15th, 30th, 45th and 60th days
after scwing. DCetween soils, no significant difference was
observed on 15th and 30th days after sowing. On 45th day the
plants grewn in Sholayar (94,6 ¢m) and Vazhachal {(687.6 cm)
80ils were significantly taller than those in laterite soil
(78,9 em). The plants grown in Sholayar (94.6 cm) were also
significantly taller than those in Muttackad (85.4 cm) and
Pilicode (82.2 cm) soils. On 60th day also the plants grown
in forest scils were significantly taller than those in

laterite and red scils. The mean height of the plants in
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Table 11. Effect of nitrification inhibitors and liming on plant
height, dry weight, nitrogen content and nitrogen uptake
of maize grown in different solls

Plant height{cm) Dry Nitrogen gétzzgen
- waight content -1
_Deys after Sowing _ (g plant™) (%) at (mg plant™ )

15 30 45 6o at harvest harvest at harvest

Trogtments

Ty {(Ioho) 35.8 64.6 83.9 91,3 15.8 0.74 122.6

T2 (Ion) 33.4 63.6 88,8 98,3 17.9 0.78 148,5

Ta {(NCAO) 36,1 63.5 81.2 86.7 16.2 0.78 125.7

T, (NC A) 33.1 63,1 85.4 93,7 17.1 0.76 145.7

Ts (NS Ao) 36.1 69.9 B6.5 94,2 17.1 0.76 129.7

Ts (NS A) 35.9 66,2 88,8 98,3 20,5 0,83 172.7

SEmt 1.81 3.00 3,02 3,80 1.82 0.05 20.08

¢p (0,086) NS NS NS NS NS NS NS

Soils .

Laterite - 35.1 64.0 78.9 83,1 11.9 0.74 87.8

Vellanikkara

Crop musaum

Red - Muttackad 38,5 71,3 B85.4 B89.8 16,6 0.62 96.8

Red - Pllicode 33.6 60,6 82,2 68,3 13,3 0.70 99,7

Forest - 35.1 64.0 87.6 101,2 21.1 0.92 203,9

Vazhachal
Forest - 33.2 65.8 94,6 106,4 24,3 0.89 215,8
Sholayar 1
SEm# 2,65 2.74 2.76 3,19 1,66 0,05 18,33
cp (0,05) NS NS 7.64 8.85 4,59 0.13 50,78

Io = Without inhibitor
NC - With neem cake
NS = With N-serve

Ao - Without amendment
A = With amendment



different soils tested in the decreassing order were Sholayar
(106.4 Cm), vathChal (101.2 G‘!‘l), M‘uttadkaﬁ ‘89.8 m)‘
Pllicode (88.3 cm) and Vellanikkars (83.1 om).

In generzl, the forest solls especially Sholayar soil
favoured better plant growth as measured through plant height.

Detweon treatments, there was no significant difference.

Dry matter production (Table 11, Fig. 4, Appendix II)

In respect of dry matter production, the treatments
did not differ significantly from one another. The highest
mean dry matter production of 20,5 g plant'1 was in T, (with
N-serve and with amendment) and loweét (15.8 g,plant-i) in
T, {without inhibitor and without amendment). DBetween soils,
significant differences were noticed. Forest soils gave
significantly higher values than Vellanikkars and Pilicode
sollis. Also, a significant difference was observed between
Vellanikkara and Muttackad soils, the latter being suparior.
The highest dry matter production was in Sholayar soil
(24.3 g plant™!) and lowest in Vellanikkara soil (11.9 g
plantul). The dry matter production in other soils were

1

Vaghachal, 21.1 g plant™l, Muttackad, 16.6 g plant~} and

Pilicode 13.3 g plant™ 1.
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Nitrogen content (Table 11, Appendix II)

The treatments did not differ significantly from one
another. The hichest mean nitrogen content (0,83%) was
observed in T, (with N-serve and with amendment) and lowest
(0.74%) in T, (without inhibitor and without amendment).
Betweoen solls, significant difference was noticed. The
forest solls were significantly different from lgterite and
red solls, the values of the former two being higher. The
highest mean nitrogen content was found in plants grown in
Vazhachal soil (0,92%) and lowest in Muttackad (0.62%).
Nitrogen contents in plants érown in other soils were

Sholayar 0.,89%, Vellanikkara 0.74% and Pilicode 0,70%.

Nitrogen uptgke (Table 11, Fig., 5, Appendix II)

The treatments did not differ significantly from one
another. The highest mean nitrogen uptake (172.7 mg plant-l)
was in treatwent T, (with N-serve and with amendment) and
lowest (122.6 mg plent™') in T, (without inhibitor and with-
out amendment). The forest solls were significantly different
from laterite and red soils, the values of the former two
being higher. The highest mean nitrogen uptake was fouﬂé in
plants grown in Sholayar soil (215.8 mg plant-l) and lowest
1)

in Vellenikkara soil (87.8 mg plant™ ). Nitrogen uptake in
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plants grown in other soils was Vazhachal 203.9 mg plant'l,

1 1

Pilicode 99,7 mg plant - and Muttackad 96.8 mg plant .

In general, forest soils were found superior to other
s0lls in respect of dry matter production, nitrogen content
and nitrogen uptake at harvast., DPry matter production and
nitrogen uptake were highest in plants grown in Sholayar

solls whereas nitrogen content was high in Vazhachal soil.
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DISCUssIOon

The present study was almed at assessing the
nitrification rate of Kersla solls and agronomic factors
influencing it. The gssessment was done using laboratory
incubation studies and g pot experiment. A total of 22 soil
sanples including 20 samples drawn from five soll types of
Kerala and two from Coimbatore was used for the laboratory
incubation study and five were selected for the pot experi-

ment.

As the first part of this study, the nitrifier populat-
ion of the soll samples was gssessed by the methed of most
probable number (MPN) (Alexander, 1982). The results of the
study showed positive indications of the presence of Nitrosoe
mongs in 11 samples whereas Nitrobacters wers noted in all
the samples (Table 2). Comparing between mean population

of soll types, the lowest numbor of Hitrogomonag of 5 was

notaed in Coimbatore red soil and the highest number of 120,

in forest soll. 1In the case of Nitrobacter, the corresponding
values were 95 in red soll and 6203 in forest sell. A perusal
of the data on nitrifier ropulation of different soils (Tasble 2)
would indicate that there had been wide veriations between
golls in the ropulation of nitrifiers and even betweeon ssmples

of the same type. Because of these large variations, 1t is
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difficult to depend on these data =28 an indicator of the
relative nitrifying sbilities of soil. The only conclusion
that can be drawn from the data is that these organisms

occur in all the zolls tested.

Direct assessment of the nitriflcation rate of the
different solls was made by incubating soll at 60% field
capacity with addition of 100 prm N as urea for a perlod of
one month. 7The soll szmples were drawn at intervals of 5,

10, 20 and 30 days for estimations of NHZ-N_and NOE-N.

Data on the NHZ-N content showed that the content of
this nitrogen fraction decreased substantislly with advancing
tive in alluvial =nd black sclls of Kerala a;d black soll of
Coimbatore from initial high values indicating high rates of
nitrification. In the lsterite and red solls of Kerala and
red soll of Coimbatore, there was no consistent trend of
change over the perilod from 5 to 30 days end the values
remained high throughout. Lack of a substantial conversion
of HHZ-H producad from ammonification of added urea appears
to be the reason for this. 1In forest soil, the trend was
one of increase in content of NH;-N. Continued ammonification
of organic¢c nitrogen in this organic rich soil is the probable
reason for such an incrzase. The mean NHZ-N content values

ware around 100 ppm at the first estimation five days after
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incubstion in almost all the soils except forest and black
solls where the values wero nearly half as much. OSubstantial
conversicn of HHI-N oven at the first stage five days after
incubation in these two soils was perhaps responsible for

the low content in these two s0ils.

The content of NOE-N followed as more or less predictecble
trend with substantial builld up of this fraction in the allu-
vial and black soils and meagre levels of it in the laterite
and red soils. It may be recalled that in the soils in which
Nog accumulation was low, the NHI—N content remained high.

It is to be noted, however, thet there were large variations
in the estimated values of NOE-N content between samples even
within the szme soil type. Even in the soil from the same
location, substantial f£luctuations were noticed between stages.
The reascn for such inconsistency in values probably lies in
the fact that NOE estimations in the so0il were done by the
substraction method which 1s prone to errors. In forest soll,
the overall mean NO-N content came in between the sbove two
groups of s0il with mean content fluctuating around 30-40 ppm.
There was apparently some degree of nitrification inhibition
in forest soils also. Evidences for lagk of brisk nitrificat-
ion in forest soils were reported earlier by Vlassak (1970)

who observed that soils under natural vegetative covers of
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conifers and hardwoods were mostly ammonifying. Wheeler
and Donaldson (1983) observed that nitrification was rapid
in soil under herbaceous communities, followed by bush and

that it was not detectable in so0il under trees.

The calculated values of nitrification rate also
showed large variations as in the case of NOZ-N content.
Still there was a more or less distinct trend of rates being
high for the alluvial and klack soils and low for the red

and laterite with the forest soll coming in between.

Based on the above results of this part of the
laboratory study, the overall conclusion may be drawn as

follows,

1. Nitrifiers occur in all the solls tested though their

abundance was generally low and highly variable.

2. There 13 rapid ammonification of nitrogen applied as urea
in all the soils but nitrification rate is substantial
only in the alluvial snd black moils., The speed of
nitrification measured in terms of contents of NHZ-N and
NOS-N and nitrificstion rate was very low in red and

Jaterite soils, Forest solls were intermediate,

3., Whereas in most of the soils tested accumulation of NHI-N

raached its peak by sbout 5th day of incubation, there

was continued ammonification in forest soils either
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bacause of mineralization of organic nitrogen or because
of an early immobilization followed by a subsequent

mineralization.

The next part of the laboratory study was aimed at

locating the factors responsible for the low rates of nitri-

fication in some of the soill tyres. The susrected factors

and reascns for this ware the following.

1,

The rH values of these soils are low. The mean values of

pH of the laterite, red and forasst solls were 5,65, 6.03

and 5.75, respectively. 8uch a low pH may be unfavourable
for the growth and activity of nitrifiers. If has been
rerorted that once the pH wes lowered from 7.5 to 5.5, the
nitrification rate decreaged slowly with a correesronding
decrease in the nurbers of nitrifying bacteria (Sarathchandra,
1978} . According to Tisdale et al, (1985) the optimum pH

for nitrification is 8.5,

The free Aluminium oxide in these solls are high,
Etchervers et al, (1978) and Arora et al. (1986) observed
that nitrification rate was negatively correlated with
extractable Al concentration. Liang and Tabatabal (1978)

1

found that Sumoles of Al g°° of soll was sufficient to

inhibit nitrification.



3. The £ree Iron oxide in these soils are high. Liang and

1 of soll

Tabatabai (1978) found that S5umoles of Fe g
could inhibit nitrification. Ishaque and Bhuiyan (1984)
observed that 50 ppm of Fe stimulated N mineralisation
and nitrification after six and 12 weeks of incubation at
30°C, vhereas 100 prm Fe appeared to inhibit these
processes under aerobic conditions and to enhance them

under anaercbic conditions.

4. The exchangeable Ca in these sclls are low. According
to Glambiazd and Kraljev (1973), Ca content is significantly
correlated with nitrifying activity in A horizon. Arora
at al. (19686) found that exchangeable Ca had positive
correlation with the accurulation of NO;-N at the end of

a 65 day incubation in a coarse textured kaolinitic ultisol,

5. Organic carbon in some of these soils are high. Mochoge
and Beesc (1983) reported that the forest soil had higher
incorroration of N in %he organic fraction than did the
agricultural soil. Kitrification was low in the forest
soil, but in the agricultural soll there was a falrly high
nitrification even at 4°C,

To assess the influence of above factors on nitrifier

rorulation, cocntents of NH: and NDE—N and on nitrification

rate, a separate study was conducted., For this, all the soils
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used for the first laboratory incubation study were analysed
for pH, free Aluminium oxide, free Iron oxide, exchangeable

Ca and organic carbon.

The mean pH of Kerala soills ranged from 5,65 for
laterite to 8.1 in black soil, the mean free Aluminiuvm oxide
from 32 ppm in forest to 72 ppm in black soll, the mean frae
Iron oxide from 2360 ppm in black soil to 16176 ppm in
laterite, exchangeable Ca from 0,05% in red, laterite and
alluvial soil to 0,47% in black soll and organic carbon f£rom
0.54% in black coil to 3,7% in forest soil., G6Gimple correlat-
ion worked out between the varicus paramaters showed that
NH:-N content had significant negative relation in most of
the instances with pH and exchangeable Ca, The relation with
free Iron oxlde was significant and positive. HNitrate
nitrogen, on the contrary, gave the expected significant
positive relation with pH and exchangeable Ca and negafive
relation with free Iron oxide in most of the instances. In
the case of nitrification rate the tyre of relation was
similar to that of NOS-H, there being larger number of
occassions where the relations werec significant. Free
Aluminium oxide and organic carbon contents failed to
register significant relations either with the nitrogen
fractions or with nitrification rate. From the above trend
of results, it can ke concluded that acidic soils of Kerala

with low pH values tended to inhibit nitrification., Such



67

solls also had higher frece Iron oxide contents and hence é
negative relation between this fraction of Fe and nitrifi-
cation vas obtajned. In as much as high Ca content and low
free Ilron oxide content are strongly linked with pH of the
soll this character was isolated and identified as the
probable factor which was to be amended if nitrification in

these solls is to be enhanced.,

Another ancillary observation that is to ka mede £rom
the correlation values is that estimaticn of nitrificr vopu-
létion by the method of most probable numbers may not reflect
the nitrifying abllity of a soll. It 18 3lso t0 ba noted
that nitrifier number did not show significant relation with

any of the s0i1l characters studied,

In the next part of the laboratory study, an attempt
was made to bring the soil to near neutrality by liming so
that the suspected factorsg could be amended to a level more
sulitable for nitrification, The levels of liming were 0, 25,
50, 75 §nd 100% of lime reguirement, TFor this study, a total
of five so0ils from among the 22 were selected. All the
selected scills excepting the Vazhachal forest soil had recorded
very low rates of nitrification in the pravioue studies.
After a reriod of nine days given for pH stabilisation, samples
of so0il were arnalysed for pH, free Aluminium oxide, free Iron

oxlde and@ exchangeable Ca. The amended soils weore also
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incubated with nitrogen at 100 ppm as urea and estimations

of NHX and NOE-N carried out at varying intervals,

Because of liming, the pH of all the soils was brought
to near neutrality. The range of final pH values was from
6.7 to 7. Thig treatment also resulted in consistent increase
in Ca content in all the scils. The trends of change in
free Aluminium oxide and free Iron oxide content were
inconsistent, there being increase in some instances and

decrease in sone othera,

Incubation studies with amended soll showed no consistent
advantage due to amendment of the soil with lime on nitrificat-
ion as judged by contents of NHZ and HOE-N. Correlation coef-
ficients also showed total lack of significant relation between
NHI—N and any of the chemical factors studied. In the case
of HOE-N content and nitrification rate whose values were
less consistent, therc were significant relations noticed
with free Iron oxide and exchangeable Ca on 20th and 30th days
after incubation. Neglecting these two isolated instancas of
statistical significance as incidental, the overall ceonclusion
should ke that modifications in chemical characters of soils
of low nitrification could not result in a substantial increase

in nitrification rate. The only exception to thie aprears

te ke in Vazhachal forest soil which was included in the study



63

to represent 38 5011 with high rate of nitrification. In an
earlier'study involving a laterite soll with Jow inherent
nitrificaticn ability, Mathew (1586) rerorted that._ameliorat-
ion of scil acidity by liming did not enhance nitrification.
It may ke recalled that in the ladboratory study ccnducted to
ralate the chemical properties of diffengnt s0ills there was
significant relation between nitrification and pH, exthange-
able Ca and free Iron oxide. The relation must be treated
as only incidental and the conclusion should be that solls
with low nitrification rate generally have low pH, low
exchangeable €Ca and high free Iron oxide, The noted signi-
‘flcant correlations in the first part of leboratory study
was in all prcbability indirect.

The pot experiment was conducted to study the resronse
to application of two standard nitrification inhibitors,
Neserve and necemcake on crop of fodder maize supplied with
nitrcgen a% 100 prm with and without amendment. This repli-
cated pot oxperiment with maize was cénducted with a total of
8ix treatments and five soils, viz., laterite soil from
Vellanikkara, red soills from Muttackad and Filicode and forast
solls from Vaghachal and Sholayar, The nitfification inhibitors
vere agrplied at the standard rates, Fodder maize was grown
for a pericd of 60 days and observations on plant height at
15 days intervals, dry matter production, N content and N

uptake at harvest were recorded.
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Data on the growth characters including plant height
and dry matter production showed no significant difference
between treatments (Table 11). The results of chemical
analysis also showed no siénificant difference between treat-
ments. Even though it was expacted that there would be
advantage due to the use of inhibitors at least in soils with
high nitrification rates under conditions favouring heavy
leaching, there was no such trend noted in the results of the
present study. The apparent reason for this 1s that the
rainfall pattern during the experimental period did not favour
very heavy leaching. The total rainfall received in 49 rainy
days during the crep period was 959,7 mn, Assuming that rain-
£a3ll of over 1 am in a day favoured significant leaching, there
were conditions favouring substantial leaching only on 23 days.
One anclllary advantage of the use of organic nitrification
inhibitors like neemcake 1s the supply from them of growth
promotors of the hormonal ﬁature. Such an advantage also was

not apparent in the present study.

A conspicucus and significant result from this experi-
ment was that the solls showed significant difference in
respect of plant helght on 45th and 60th days and dry matter
production, nitrogen content and nitrogen uptake at harvest

(Table 11). Forest solls favoured better growth at nearly



all stages and higher accumulation of nitrogen at harvest.
The high content of organic matter in these soils and the
accompanying improvement of physical, chemical and biological

conditions are the attributable factors for this.

Ag had been indicated in the list of objectives, the
main purpose of the study was to assess the nitrification
rate of Kerala soills and agronomic factors influencing it.
Among the Kerala soils the nitrification rate in alluvial and
black soils were high, it was low for the red and laterite
solls and the forest soil come in between. The nitrifier
porulation estimated by the method of most probable number
(11PN) did not show significant relation with any of the soil
characters. It also did not reflect the nitrifying ability
of a soll., Soils with low nitrification rate generally had
low pH, low exchangeable Ca and high free Iron oxide., PModi-
fication on chemical characters ¢of soils of low nitrification
through liming to near neutral levela, however ceould not

lead to an increase in nitrification rate,
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SUMMARY

A study was conducted during the period from June 1987
to November 1986 at the College of Horticulture, Vellanikkara,
Trichur to assess the nitrification rate of Kerala soils and
agronomic factors influencing it. A geries of laboratory
incubation studies were conducted uaing a total of 22 soil
samples including 20 samples drawn from £ive goll types
(laterite, red, -alluvial, forest and black soil) of Kerala
and two from Coimbatore (red and black), Tho first laboratory
study was to assess the nitrifier population in each soil by
the method of most probable numbers (MPN),

The next laboratory study was aimed to assess the
nitrification rate of soils after the addition of 100 ppm
nitrogen as urea., All the above 22 soils wore used for this,
Samples were drawn at intervals of 5, 10, 20 and 30 days for
determination of NH: and NOE-H. Another experiment was done
to relate the chemical properties of soil to nitrifier popu-
lation and nitrification rate, FEor this, the soils were
aralysed for pi, free Aluminium oxide, free Ircn oxide,
exchangeable Ca and organic carbon. Simple correlation was
worked out to find the relation bgtween chemical properties
of soil, nitrifier population and content of nitrogen

fractions and nitrification rate,



On relating the above factors with nitrification rate,
it was found that pH had significan£ poaitive correlation
with nitrification rate. Other chemical constituents like
free Iron oxide and exchangeable Ca whose avallabilities are
ralated to pH were also found to be agscclated. Hence, an
attempt was made to find the effect of amending the pH of
scils of low nitrification through liming on nitrification,
This study was conducted in four soils which were identified
as having the lovest rates of nitrification. These soils
were the laterite soil from Vellanikkara, red scils from
Muttackad and Pilicode énd forest soil from Sholayar. One
soil with high nitrificétion (forest soill from Vazhachal) was
algo included in this study. Liming was done to levels of
D, 25, 50, 75 and 100X of estimated lime requirement values.
Estimation of free Aluminitm oxide, free Iron oxide, exchange-
able Ca and pH were made after allowing a perlod of nins days
for stabilisation of pH, These soils amended to various levels
vere ugsed for estimating the contents of NH:;N after 5, 10,
15, 20 and 30 days and NOE-N after 20 and 30 days of incubat-
ion to agsess the effect of amendment on nitrification., Simple
correalation was worked out to relate the chemical properties
of amended soll with the contants of nitrogen fractions and

nitrification rata,



The pot experiment was laid out to study the
response to application of two standard nitrification
inhibitors, MN-serve and neemcake on a crop of fodder maize
supplied with nitrogen at 100 ppm with and without emendment.
The five soils selected for the laboratory incubation study
on use of amendment were used for the pot experiment. The
pot experiment was conducted during the period from 20-8-1988
to 19-10-1988 using fodder malze so test crop. Crowth per-
formanca of the ¢rop was assessed through obssrvations on
height and df}hatter production. Assessment of nitrogen
avallability in soil was made through estimates of nitrogen

content of plant tissue snd total nitrogen uptake.
The results of study are sumrarised below!

1. The presence of Hitrosomonas was noticed in 11 soil
samples and Nitrgbacter in all the soils tested. Highest
nitrifier popmnlaticn was in forest soll. The estimated
number of thegse oxganisms in all the soils was comparat-

ively low.

2. There was substantisl decresse in NH:-N content following
incubation at 100 ppm N a8 urea in alluvial and black
solls over a pericd of 30 days. There was no consistent
decrease 1n laterite and red soills. An increasing trend

was apparent in forest soils.
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3. Tﬁe RH:-N content was arcund 100 ppm at the first esti-
mation five days after incubation in almost all the moils
except the forest and black scils whers the values were

nearly half as much at this stage.

4. There was more or leas steady and substantial build up
of NOS-N content in the alluvial and black socils with
advancing period of incubation, There w2g no such trend
in the red and laterite soila, In forest soil, the

content remajined at about 30=40 ppm throughout.

5. The rate of nitrification increased with incubation
period in alluvial and black scils. In laterite and red
soils the nitrification rate increased slightly by IOtﬁ
day of incubation and thereafter decreased. In forest
soll, the maximum nitrification was noticed on Sth day

and thereafter it decreased more or less steadily.

6. The black =cil had the highest pH and exchangeable Ca
content and lowest of theose were in laterite soil. The
free Aluminium oxide was hicgheat in black scil apnd lowest
in foiost 5011. The mean free Iron oxide was highest in
laterite soill and lowest in black moil. The organic
carbon content was highest in forest soil and lowest in

black scil.

7. No significant correlation wae obtained relating the
‘nitrifier population with chemical properties of soil,

nitrogen fractions and nitrification rate.
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Soi) pH had significant negative correlation with NH:-N
at al) pericds and positive correlation with NO':;-N on
5th day and nitrification rate on 5th, 20th and 30th

days after incubation.

Free Iron oxide had significant positive correlation
with NHIQN on 10th, 20th and 30th days after incubation
and negative correlation with NOE-N and nitrification

rate on 20th and 30Cth days,

Exchangeable Ca had gignificant negative correlation
with NHZ-N on 5th, 10th and 30th days after incubation
and rositive correlation with HOE-N and nitrification

rate on th day.

Fres Aluminium oxide and organic carbon contents of soil
were found to have no significant relation with NH;;H,
NO3-N and nitrification rate.

In all the f£ive coils, pH increased steadily with increas-
ing additions of lime. With 100% lime requirement, the
soll pH rose to 7 in laterite and Sholayar soils, to 6.9

in red soils and to 6.7 in Vazhachal soil.

Liming led to no consistent change in contents of free Al

and Fe oxida.

The exchangeable Ca in tho five soils tosted steadily

increased with addition of line.
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On comparing the NHI-N in different soils with different
levels of lime and incubation time, it was noticed that
the valuss were lower in Vazhachal soil and pubstantially

hicher in all the others.

In the case of NOE-N, the data obtained were not consist-
ent on the aeffect of liming. There was substantial

accumulation of ND;-N only in Vazhachal soll,

OCnly in Vazhachal forest soll did the nitrification rate
increase with increased levels of lime, In other soils,

the data obtained were not consistent.

Free Aluminium oxide, free Iron oxide, exchangeabla Ca and
pH gave no significant correlation with NHI—N content

in this study involving amendment of five selected solls.

The free Aluminium oxide and piH had nc significant
correlation with ND;-N content and nitrification rate of

8oll tested.

Cn 20th and 30th days after incubation the No;-n content
in the so0il and nitrification rate had significant negative
corralation with free lIron oxide and positive correlation

with exchangeable Ca.

In the pot experiment, no significant differerice was
noticed between treatments Iin respect of plant height

on 15th, 30th, 45th and 60th days after sowing. The
forest goll especially Sholayar soll favoured better plant

growth asg measured through plant heighte.
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In respect of drymatter production, the trecatments d4did
not differ significantly from one another. Between
gsoils, the drymatter production of plants grown in
forest s50i1ls was significantly higher than Vellanikkara
and Pllicode soila. Also a significant difference was
observed batween Vellanikkara and Muttackad soill, the
latter being superior. The highest mean drymatter
precduction was found in Sholayar s0l1l and lowest in

Vellanlikkara soil.

In the case of nitrogen content in plants, the treatments
did not differ significantly from one another. Between
solls, the forest solls were significantly different

from laterite and red soills, the values of the former
two being higher. The highest mean nitrogen content was

found in Vazhachal soil and lowest in Muttackad soil.

The treatments did not differ significantly from one
another for nitrogen uptszke values. Between soils, the
forest soils were significantly different from laterite
and red solls, the values of the former two being higher.
The highest mean nitrogen uptake was €found in plants

grown 1in Sholayar =soil and lowest in Vellanikkara soil.
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Appendix I. Weather data (weekly average) for the crop period
(August 1988 to October 1988)

: Temperature Relative humidity <
ii:? ¥onth snd date Ra%:ﬁ?ll Maximum  Minimum Foremoon  Afternoon . ggﬁgéne
(°c) (°c)
34  August 20-26 72.1 29,7 24.6 93 74 5.1
35  August 27-2 Sept. 200.8 29.6 23.6 94 74 3.5
36  September 3-9 153.7 29.6 23.6 91 78 4.9
37  September 10-16 113.7 30,5 23.4 92 78 6.1
38  September 17-23 240.0 29.6 23.4 93 78 4.5
30  September 24-30 123.2 29,7 22,4 94 76 4.4
40  October 1-7 29.8 30.4 23.4 92 72 6.5
41  October 8-14 19.6 31.8 23,2 88 68 7.7

42 October 15-21 6.8 1.8 24,0 92 65 - 7.6

Spource : Meteorological Observatory, Vellanikkara.



Appendix II. Analysis of variance for the effect of nitrification inhibitors and liming on plant
height, dry weight, nitrogen content and nitrogen uptake of maoize grown in differ-
ent soils

Mean squares

Source as Mean weight {cm) Dry weight Witrogen Nitrogen
- (g plant~l) content uptake -1
15 DAS 30 DAS 45 DAS 60 DAS at harvest (%) at (mg plant™ )

harvest at harvest

Total B89 - - - - - - -

Soil 4 77.7€ 273,59 G36.78%*% 1692.69%% 492,17%* 0.30%*  72188.94%*%
Treatments 5 30.05 99.18 128.96 291.46 41.03 0.01 5340,33
Interaction 20 53.13 114.10 216.89 398.48%* 80.43 0.05 9410.73
Errorx 60 46.86 129.81 131.22 176.11 47.41 0.04 5801.76

DAS - Dgys after sowing

* Significant at S% level
** Significant at 1% level
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ABSTRACT

The precent study ‘assessment of nitrification rate
of Kerala so{ls and agrenomic factors influencing it' was
conducted during June 1987 {o November 16688 at the College
of Horticulture, Vellanikkara, Trichur, A series of
laboratory incubation atudies vere conducted using a total
of 22 soil samples including 20 samples drawn from f£ive _
soil types (laterite red, alluvial, foreast and black soils)
of Kerala and two from Coimbatore {(red and black). The
presence of Nitroacmopas was obgserved in 11 s0ll samples
and that of Nitrobacters in all soils tested. The nitrifi-
cation rate was high for alluvial and black soils and low
for the red and laterite soils, The forest solle came 4n
between. No correlation was obtained relating the nitrifier
population of the 22 solls with chemical properties of soil,
nitrogen f£ractions and nitrification rate., Exchangeable Ca
and pf had significant négative correlation with NH:-N and
prositive relation with NOS%N and nitrification rate at nearly
all the stages of eatimation. Free Iron oxide had significant
positive correlation with NHI-N and negative relation with
HOS-N and nitrification rate., Free Aluminium oxide and
organic carkon had no significant relation with NH:-N, NOE-N
and nitrification rate, Amending the scils of low nitrificate-

ion rate with‘lime could increage the so0il pH and exchangeable



Ca but not the free Aluminiumn oxide and free Iron oxide
contents. Liming was not beneficial in increasing nitri-
fication in any of the soils tosted except Vazhachal soil
which had a high inherent nitrifying ability. The chemical
prorerties of the amended s0ll showed no significant
correlation with N f£ractions in =soil and nitrification
rate excapt in the case of free Iron oxide and exchangeable

Ca with NOE-N and nitrification rate,

In the pot experiment, the treatments 4id not Aiffer
significantly from one another in respect of plant height,
dry matter prcduction, nitrogen content and nitrogen uptake,
Between sgoils, significant difference was gpticad. Forest
solls were found superior to other soils in favouring better

plant growth and nitrogen accumulation,



