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NITRIFICATION INHIBITORS*

K. L. SAHRAWAT

Fatcrnational Crops Research Lastitate for the Semi-Arid Tropics,
(ICRISAT) PPatancheru, Andhra Pradesh

ABSTRACT

The curreat information on the control of urcase
acuvity and nitrification in soil by cheicals is reviewed.
A large array of compounds have been proposed as urcasc
und nitriication inhibitors. Compounds capable of retur-
ding nitrification and ureasc activity are availabic but
their use in practical agriculture is not very popular, The
problem appcars to be that the soil and environmental
conditions that stimulates nitrification and urcase activity
arc also conductive for the instability and ineffectivencss
of urcasc and nitrification inhibitors. For inhibitors to
have potential value in practical agriculture, they must be
inexpensive in additition (o being effective at reasonable
rates of application and cnvironmentally safe. Future
research i3 necded to devclop compounds/materials to
control urcase activity and nitrification from resources
indigenous to a region or a country.

Urea is the most important nitrogen fertilizer in world
agriculture. Its use is steadily increasing and th's trend is like-
ly to continue (15, 20, 29). The most impontant [eature of urea
is that it is a chemical nitrogen fertilizer whosc uvailability lo
plants depends very much on the activity of urease enzyme in
sodl.,

In amable soils, urca is rapidly converted lo wnmonium
carbonate by soil urease, which results in several problems en-
countered in the use of urea as a fertilizer. These include in-
crease in soil pH, ammonia and nitrite concentrations and gas-
eous losses of N as ammonia and oxides of nitrogen (14,17, 18,
19, 24, 49, 62, 78). One approach for finding solutions to mfese
problems. lies in .controlling urea hydrolysis in soils by using
chemicals called ‘urease inhibitors’ that can retard urea hydro-
lysis and thereby reduce volatile loss of nitrogen as ammonia
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coebiogen, il result o alleviation o‘mniulc and

ammionta ooty lo youny seedlings (19, 62). The ammonium
formed from urea in soil is converted to nitrale via nitnile thr-
ough nitmdication.  Nutnate, is susceptible lo losses through lea-
chang and denitvification.  There is considerable  interest  in
conseiving itlrogen in the ammonium form by using chemicals
called “nili tic dion inhibitors' that can retard nitrification and
reduce loe. of nitrogen in situations where loss of nitrate via
lcachingg aed denitnification is severe (49, 62, 76).

The uhjeouve of this paper is to review the current in-
formalion relating to the control of urease aotivity and nitrifi-
cation in soil by chemicals. For earlier references on the to-
pics, the reader is referred 1o the reviews by Sahrawat (62) and
Mulvaney an! Bremner (49).

UREASE ACTIVITY IN SOILS

The presence of urease in soils was first suggested by
Retine w1935,  However, the poineering work by Coarad
(12, 13) left no doubts that urease is responsible for conversion
of urca lo ar iy ip sojls treated with urea. Because urea
is the most important N fertilizer, urease has received much
more research altentian than all other soil enzymes combined.
The roader is referred to the excellent review by Bremner and
Mulvaiey (&), which comprehensively covers extensive litera-
ture relating to soil urease.

Urcase aotivity in soils genenally inoreases with increase
 the substrate concentration. i.e. urea until the amount of urca
is sullicicat to saturate the enzyme. Resulls pertaining to the
effect of soil water content on urease aclivity are condlicling.
It is generally found that urease activily in soils usually increa-
ses with increase in water content uplo field capacity but fur-
ther increase in water content may not influence or may even
decrease the activity,

Recently Sahrawat (67) found that urease activily in
some Lndian semi-arid tropical soils increased with increase in
temperature from 10 ta 60 or 70°C and then decreased with
further increase in temperature upto 100°C where it was nearly
completely inhibited (Fig. 1 and 2). Both buffer and non buffer
methods of urease assay gave Similar trend in results. These
results point to the protection of urease in these soils even at

high temperatures ((30—7'). Coulrol ol prea Inyu';;,.{.‘:.... a“
such soil situations in the tropics where soil temypenatures o
;ﬂgh will pose a few problems in controlling urca hydrolysis

by chemicals.
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CONTROL OF UREA HYDROLYSIS IN SOILS

ed to retard urca hy-

Many compounds have been propos -

droylsis inysoil (Tuble 1). Ina recent s?udy, Mantelr;sDan‘ﬂa?reeF

mner (40) found that pheny]phosphoroduam. 1d§1~3 ((1: rzes s o

feolive in retarding urea hydrolysis lo varying eg.h s i
diverse soils. The inhibitory effect of PPD on urea hydrolys
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mcrcased with the amount of PPD added and decreased mark-
«dly with time and increase in tempenature from 10 to 40°C.
The cfledtiveness of PPD to retard urea hydrolysis was consi=
derably lower at.30°C and 40°C than at lower temperatures and
this fact should: he borne in mind while developing compounds
or matlerials for ‘use as urease inhibitors 'in the “ropics. It was
found that the ghility of PPD to retard urea hydrolysis wuas
significantly carredated with organic C (r= -0.68**), tolal N
(r==-0.74**), CEC (r=-0.656**), sand (r=0.66**), clay (r=
-0.64"*) and- surface 'area (r==-0.60*) but was not significantly
correlated with pH, silt content, urease activity or ‘CaCO; equi~
valent, Multiple regression analyses showed that the effeclive-
ness of PPD ‘o retard urea hydrolysis in soils increased with
decrease in 'soil organic matter content. Similarly, the effecti-

veness ol p-henzoquinone ~TIBQ)  ana hydroquinone (HQ) for
retarding urca hydrolysis in 26 diverse swrfince soils was affee-
ted by organic matler content, CEC, sand, silt and dlay contenl,
surfice arca and urcase activity of soils, The general conclu-
sion wus thal the effectivencss of PBQ amdd HQ for vetardidion
of urea hydrolysis in soils increased with decrea<e in so'l orga-
nic matter content (Mulvaney and Bremner) (48).

In addition o soil properties, penhaps temperature is
the most important factor that greatly affects the effectiveness
of urcase inhibitors for retarding urea hydrolysis.

Interest in the use ol urcase inbibitors stems from the
finding that retardation of urea hydrolysis reduces the problems
such as volatile loss of ammonia associaled wilth the rapid hy-
drolysis and concomitant rise in soil pH, specially in light-tex-
tured poorly buffered soils (49, 62). * For example, Bundy and
Bremner (7) showed that the effective urease inhibitors such as
substituted p-benzoquinones reduced the volatile loss of am-
moniu from 62.8% (in the control) to 0.1% from a sandy so'l
reptilized with urea. Comprehensive review by Mulvaney and
Bremner (49) suggests that several inorganic ‘and organic com-
pounds previously isolated ‘from microorganisms or plants have
the ability to reduce the gaseous loss of urea N as ammonia from
seils when they are applied in admixture with urea.

Earlier work covered by a US. Patent (sce Mulvaney and
Bremner) (49) suggested thal ammonia volatilization ‘Jloss from
urca-treated soils can be reduced by addition antimetabolic co-
mpounds. The compounds when added to soils retard urea hy-
drolysis not by inhibiting urease activity but by inhibiting the
production of urease by microorganisms. However, subsequent
study with lhese antimetabolites clearly showed that these co-
mpounds (pyridine-3-sulfonic acid, desthiobiotin and oxythia-
mine chloride) neither relarded urea hydrolysis nor reduced the
volatile loss of ammonia from a sandy soil fertilized with urea.
Hydroquinone was however, found to be very effcctive in re-
tarding urea hydrolysis as well as in reducing ammonia volati-
lizalion loss from the soil (47).

NITRIFICATION AND ITS CONTROL

Among the factors that affect nitrification in soils, pH,
moisture regime, temperature and oxygen supply are impor-
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Lot (1.2

: : ed by several reviews (¢
51,52, 62, 65, 76). 3 ral reviews (25, 30, 32, 43, 49, 50,

I3 { "CIMNY . )
undy und Bremner (6) suggested that ¢, inhibition of

nitrification in soils treated with nitrifiable nilrogen source ce
be caleulated from the following equation "o

% inhibition of nitrificatiop=

(NO1™4-NO;~) in control — (NQ2~+
= NO,") — Nin_treatment
(NQz‘ »+~N0.-) —Ninconiral - en

X 100

gt:lll);e;t;re.:‘l;lé, Sahrawat (63) suggested that criterion used by
andy | rlemner (8.) wag applicable in situalions where con-
ol soll sanm‘he fesmocemame' L .d no appreciable amounts of NH,* —N
o oonﬁ- m:ed ;wmg egwqtaons are preferable when soil
pmn@esvwe confa gppx"emab]e amount of NH*—N because they

er mjatemm for computing per cent inhibition of

nitrification ;
% inhibition of nitrification

:_.Nunﬁcauon raty i'n f:ontr.ol-nilriﬁcation rate in treatment
Nunﬁcatxon rate in control X100

Where, nitrification rate, = (NOsS™+NO;")—N -
' rale, =INH-FNOi+NO;-)—N_ ~ 100

. JLitemalure .surveys indicate that
| . : : out of numerous com-
dmtmdsm):(q Ll);awomsed Ch&mapym (2-chloro-6-~(trichloromethyl pyri-
dow Chemica product see . Goning (26, 27) is the most

.eﬁu“ﬁ"".'»}'n"er .

e L vuwmwreaﬂ(b that have been oblained with nitrifi-
:::O:nd inhiibitars;: could :perhaps be explained by the divergent
T}je n deqvimunv._ . mfal conditions wheére they have been tested.
milsm( ﬁoaum inhibitors are more effedtive in light textured
501] Qnd lheir, ‘effectiveness. decrenses with increase in organic
\mmew."| 2 :md clay cpntmt of soils (6, 7, 26, 27, 31). Similarly
mpnmwmm source also affect inhibition of nitnifica-

.Jn irqpica).qoils where nitrification is faster due to war-

Numerous com : P

retarding nitrificalion in ;;’H;PO"'P‘;:LS al;r‘:lw;f lll)cﬂzn pm‘p'osed l'br

:xly[v“;-(;'x‘afn(llﬂcs' on oontrol of nilrification by colr)naq;p;:'nlfls':czl;e

iy :)xﬁ;l):o;(.wwx:lfn t.spccml reference lo indigenous compounds/
cause the more usual literature on nitrification in-

mer lemperatures, these ¥hdiwons may also be responsible for
the degradation and lack of effectiveness of the inhibitors. in
these situations. :

Work done in India has shown that non-edible oil seed
cakes and their constitutes particularly those of neem (Azadi-
rachta indica L) and Karanja (Pongamia glabra Ven'.) huve
the ability to retard nitrification. For example, Mishra et al. (16)
found that increasing amounts of neem sced cake powder dec-

.reased the number of nitrite forming microorganisms in soil.

The highest concentration (2% on C content basis) decreased the
nitrite formers for 21 days though the lower concentrations were
effective for 3 to 14 days. Sahrawat and Parmar (71) showed
that alcohol extract of neem seed cake was effective in retard-
ing the nitrification of ammonium [rom urea or ammonium sul-
fate. Reddy and Prasad (56) found that neem sced cake (209
of urea W/W) and acetone extracl of coaltar were effective in
retarding nitrification of urea in a sandy clay loam soil upto 2
weeks. However, these materials were found to be considera-
bly inferior 10 sulphathiazole and nitrapyrin in retarding nitri-
fication.

Detailed study of karanja and its constituents (for review
sec Sahrawat) (64) have shown that extraols of karanja sced
and bark and lcaranjin, a furanoflavonoid from karanja seed
have poteitial for inhibiting nitrification in soils. The details of
preparing these materials/compounds are suminal sed in Tuable
9. For example, Sahrawat et al. (72) found that karanja sced
bark extnacts inhibited nitrification of urea uptlo 45 days when
they were added at 30% of urea N applied in a sandly loam

soil.

Sahrawat (65) evaluated the comparative effectivencss of
three palented nitrification inhibitors, nitnapyrin, AM. (2~amii-
nwo-4~chloro-6-methyl pyrimidine) and DCD (dicyandiamide)
with karanjin to retard nitrification of urea in a sandy clay
loam soil and found that when added at 5 ppm of soil, the effec-
tiveness of the inhibitors decreased in the following order : ni-
l~ra.py~nin>lcamnjin>AM>DCD. In another study, Sahrawat
(66) found that alcohol extracts of neem and karanja seed cake
when added at 30% of urea N gave comparable performance
with that of karanjin added at 5% of urea N in inhibiting nitri-
fcation of urea in a sandy clay loam soil uplo 45 days but kara-
njin was superior inhibitor at 60 days.
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Fall Y Convduciny ol Kavanga (Pongamta glabra) tested as nitritication
inhanitony

——

Paruculacs o ihe Description of 1he References
Constitucin Constitucnts
| 2 i}

K seu ke Ground haranja sceds are defatted Singh (1966)

by extraction with boiling petro-
leum cther and the sced cake used
for cvaluation.

Katanguofeanve, The Leaves are diicd and ground  Sahrawat el af.

before use. (1974)

Kaanga sen i exgract The ground sceds arc first defatted  Sahrawat ct al.
with petroleum. cther and  the (1974)
residuc (cake) is then extiacted
with boiling ethanol (95%,), solvent
removed to obtain alcohol extract,
which is used for testing without
fusther purification,

Inav s bark eatiau Fresh baik of the tree is ground Salirawat ¢t af,
and extracted with 40: 60 (v/v) (1974)
mixture  of petrolcum  ether:
acctone, solvent removed to obtain
the extract.

Karanjin, a furano- Kaanjin, a crystalhne solid  with  Sahiawai
Havonoid from karanju  mwlecular formuly CulliaOg and (1973)
secd chemically 3-mcthoxy furano-2, 3, Salwawat and
7, 8-flavone is preparcd  from Muke jee (1977
karanja secds.

’ - e et ———

A dulailed study of structure-nitrification inhiibition acli-
vily with k;anaqjim, a [uranoflavonoid from karanja seeds, has
eslablished that the funan ring in the molecule is essential for
the activity of, karapjin (58, 64, 69). It was found thal struc-
tyral analogs of kamapjin (karanjketone, kananjonol) where furan
ring was present in.the molecule showed varying degrees of
inhibition of nitrification while in the case of dihydrokaranjin,
were firan Ting was saturated by hydrogenation, showed no
ai;}i,i'ifx ('I‘a:b:le 3).” . Follow up studies with a number of com-
po{énds having 'thehﬁunan group altached to either alkyl or aryl
ring, showed that this group imparis nitrification inhibitory acti-
vity to compounds to varying degrees (38, 70) (Table 4).

Compound

e

Table 3 : Effects of karanj in &K Lyits structural analogs on inhibition of niti-

fication in a sandy |78 soL8,

i :C o i itrification
Furan sing i the molecule b, whibition of ai f

piesent of absent ait‘ _I'S_c_i—:‘x,\i )
Karanyn Present :':
Karanj kctone Pieaent iy
Karanjonol Piesent -0
Dihydio kararjin Absemt o ~

_— — — -
wSoil samples were wncubated vnder acrobie conditu n; aj!u adding
: " the pounds specificd.
wiei N oand 53" (of N added) of the compoeun i

‘2-0(1 ppm of

i a8, la
Table 4 ¢ Eflccts of furfural and fuifuiyl alcohol on mtification i a sandy clay
loam fertilized with mead

Nitvification rate (%,) afier days

Treatment ) i
15 Rl 45

Uea 19 45 Z;
: 6 15 h

Urca 4 futfural o - o

00 ppm of ur and with st compounds at

Urca + fufuryt alcohol . o

aSuil samples were treated with 200 ppm of urca N‘ e comnion,
the rate of 104, of N added and incubated at 30 Cunder ac

Further research is necded lo develop nilmlcla)l:orill 1:32;
bitors from indigenous mualerials such as non-cdible o
cakes (G4, 74, 75, 80) and plant products.

hi A) ~ ‘}‘:OUS
EFFECTS OF NITRIFICATION RETARDATION ON GAS
L.OSS OF NITROGEN

Cornforth and Chasney (16) and Bundy ax;cll‘li(x};‘:n;;xm(ﬁz
found that nitrification inhibitors mhfznced vonhauu.r o o
monia from urea-fertilized soils specially w&;::in.u‘he e nee
face applied. Tield ev-alu.atio:r} of thcse Tesu So:n mmcent esnee
of growing plants neecds lo be _1nvesﬁug{xﬁcfi. . e; e e
have also shown that rahardaahon. of nx.trlfica 19«1 b o

ide evolulion from soils fertilized with nitrifiable n '

::urzes (3). McElhannon and Mills (42) .ﬁound that m;m?zlrl:
significantly reduced nitrous oxide emissions In‘om' ;; s it
lized with ammonium or nitrate form of nilrogen a . ;: o
with sweetl corn in a 2-year field study. Prf)bf'xbly.m ag)y 1

N-O evolution associated with both mtnﬂ‘ca't ion o .im
tedu‘ced ac-ld denitrification of nitrate.  Nilrapyrin Is repqxled
mon::lm nitrogen loss by denitrification in siluations wne?e
;Zagil;c::ddiuble carbon substrate is available; for example in
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