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EFFECT OF L IM IN G , PHOSPHORUS AND AM M ON IU M  SULPHATE ON AMMONI- 

FICATION  AND N ITRIF ICAT ION  IN PEAT
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(Received April 3. 1989)

Mincralizalion of native N in an cxticmcly acid [x^l following liming and addition of P and (NH^)jSO^ was 

ijivesligalaJ. All Uic UcaUncnLs increased NM^-N uplo 20 days inculiation followed by a rapid d c c T e a s e  lo a tniniinum 

at 35 days.'I hc trend, Uiereafler, mainly followed a slow increase at 45 days. Released of NHj-N increased significanlJy 

witJi ])H and added (NH^)jSO^ specially where lime and N were applied together.

'I'lie (NOj+NOj)-N level dropped in llie first 5 days and remained near zero upto 25 days of incubation in all llie 

IrcaUucTils. A subsequent small flush occurred at 35 days. Nitrificalion was limited altJu^ough. Neitlier lime nor 

(N ll,)jSO , was effective in stimulating (NOj+NOj)-N (woduction. Added P did not promote anunonincation and 

nitrification significaiidy. Interactions of lime, P and (NH^)j SO, were nonsignificant in botli })roccsscs excejH 

anunonification of N x pH in peat.

Key words: Ammonification, Nitrification, Peat.

l’»k. j. ici. ind. itj. vol. 32, no. 9, Sq>U:mbcr 1989

Introduction

Tlic prgaiiic mailer of Uic soil contains iJic major 

proportion of N and is tJic key factor iji limiting tJic amounts 

of NH^ and NO^-N released in soil. Mineralization of orgatiic 

nitrogenous compounds is a biocliemical phenomenon 

regulated by substi'atc a;id environmental conditions. TIkj 

acidity of soil plays a vital role in tliis rcspect.

Nitrifying organisms are sensitive to soil pH and tlie 

individual Genera have different pH optima, llte  optima for 

most common strains of Nitrosomonas fall in tlie range 

between 7 a n d wMvdioiNitrobacter is 5-10 [ 1 ]. Nevcrtliless, 

Ute activity of niliifiers has been observed in mineral soils 

even at pH values below 4 [2,3]. Studies onN transformation 

as influenced by pi 1 liave been mainly bn mineral soils [4,5]. 

Commonly liming improved iJie mineralization of N in soils 

significantly.

Release of mineral N in organic soil/peat was studied 

only by a few workers [6 -8] ajid iJiis field deserves furtlicr 

investigation lo improve Uie N economy by exploiting tlie 

native N particularly in agriculturally importanl orgatiic soils. 

Tlie present study rcjwrts an attempt to evaluate tJie impact of 

lime, (NHJjSO^ and P as microbial stimulant of 

ammonification and nitrification in a highly acid peat.

Materials and Methods

Materials, llie  jxiat sample was collected from Red Moss 

si le near Aberdeen, air-dried and ground to pass tlirough 2 mm 

sieve. The peat containing 76.6% organic matter was high in 

C/N ratio and bccame exlremely hard following air-drying 

(Table 1). Moreover, tlie sample was also extremely acidic in 

nature, low in avai lable P and (N0 j+N0 3 )-N, and moderate in 

NH,-N and CEC.

Incubation technique. Tlie peat sample was incubated at 

tiiree pH leveis with tliree levels of P and two levels of N in a 

ful,l factoriid combination witli two replications arranged in a 

randomized block design.

Ca(OH)j at Uie rale of 0,13.3 and 26.9 g kg'* was applied 

to change dw initial pH from 3.4-4.5 and 5.5 respectively. A 

solutionof(NHJjSO^ was applied at tJie rate of Oand 100 mg 

N kg * and a solution of CaH^ (POJj.H jO to provide 0.50 and 

100 mg P kg"' peat. A basal dose of soil infusion (10 ml kg ' 

peal) was also included in tlie experiment to stimulate 

nitrification in pcaL This infusion was prepared from a garden 

soil and water in the ratio 1:2.5.

200 g air-iiry peat (2 mm) was weigiied into a series of 36 

clean-dry 500 ml conical fiask. Taking the quantity of tiie 

added solutions into account, the peat samples were each

T a b l e  1. G e n e r a l  C h a r a c t e r is t ic s  o f  t h e  Pe a t  E x a m in e d  (M e a n s  o f  D u p u c a t e  A n a l y s e s ).

WHC

Peat

Red moss

Organic Total

matter

219

Percent

76.6

cm
N

1.22

pH CEC 

ratio

36.5 3.4

Available 

kg ‘ 

peat

816

Available 

N mg kg ' 

peat

NH,-N(NOj+NO,)-N

122 6.6

Pm g kg ' 

peat

15.8
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adjusloJ to 50% walcr holding caiucity (W 11C) and incubalcd 

al 25” wiili paraiilin covering. Each day Uic covering wa.s 

removed for 5 ininulcs for aeraiion and for Uic moisture 

conienl lo be maintained constant gravimclrically. About 5 g 

peat was sampled from each Oask every 5 days upto 45 days 

1 0determine NII^-N ajid (N0j+N0j)-N. pH was measured in 

separate 5 g peat.

Analytical techniques. pH was measured from a 

saturation paste using a combined glass/calomel elecl/ode. 

Organic carbon was measured by wet oxidation melliod [9]. 

Estimations were made of total N by kjeldaiil digestion and 

CEC by IM  N H p A c  (pH 7.0). Available NH,-N ajid 

(N0j+N0j)-N were determined colorimetrically in 2M KCl 

extxact using aTechnicon Auto-Analyzer [lOJ. Available P in

0.5M acetic acid [11] cxtracl was measured 

spcctrophotomcLrically using a Cecil Spectrophotometer 

(Model E 27p).

Test for nitrifiers. 20 g air-dry garden soil (2 nmi) was 

incubated in 50 ml conical flask in tlie absence and presence 

of 10 mg N kg-* as (NH^),SO, al 50% WHC and 25°for 7 days. 

Potenliality of nitrifiers was confirmed by significant 

accumulation of (N0 j+N0 3 >-N.

Resulls

Release of NH^-N and (NOj+NOp-N from peat in tJie 

presence and absencc of N due to liining and P addition have 

been measured and presented as mean of duplicates in Fig. 1. 

Because iJie statistical LSD at 1 % level indicates tiiat only pH 

has significant effects on the NH*^ recoveries tliese 3D 

diagrams were plotted from tiie means of the results for tJie

0,50 and 100 mg levels of P for each pH/day.

All tiie txeatments caused an increase in NH^-N upto 20 

days of incubation witii a significant immobilization al 15 

days (Fig. 1). Accumulation of NH^-N tiian followed an alternate 

release and immobilization. Release of NH^-N was significantly 

higher al pH levels 4.5 and 5.5 over tlie control. Application 

of P increased tlie release of NH^-N but not significanlly. 

Similar positive effect of P was observed when applied 

inconjunction wilii lime or N al any level (50 or 100 mg P 

kg '). However, when N was applied a very disLincl and 

significant slimulalion in llie release of NH^-N was recorded 

alone and in combinaLion willi lime. The interactions of lime,

P and N tliough increased llie accumulation of NH^-N but not 

significanlly. Maximum amount of NH^-N accumulated was 

595 mg kg ' al 20 days wlien llie peal was incubated witli N and 

100 mg P kg * . During peak period of ainmonificalion (10 to 

25 days) adtlilion of N stimulated Uie activity of ammonifiers 

very promisingly witli an accumulation of more llian net 100 

mg NH^-N kg * peal in all llie ireatments over tliose receiving 

no N. At day 45, Llie Lrealments witJi N yielded slightly higher

amount of NH^-N at lower pi 1 except at pi 1 5.5 witli 50 mg P 

kg'.

Release of (N0j+N0j)-N showed an unusual uend 

(Fig.l). Tlie initial (N0j+N0j)-N level dropped in the first 5 

days in all ihe treaunenls and continued upto 25 days of 

incubation. Tins disappearance of NOj-N might be due to 

deniu'ificalion of N favoured by high organic matter conienl 

of the peat. The (NOj+NO,)-N levels were very low and 

showed only a sudden "mini-flush” al 35 days corres{X)nding 

lo llie minimum levels of NH^-N. The concentration of 

(N0j+N0j)-N again started lo decline until day 40. Al 45 

days, peat incubalcd al tiigher pH showed a little generation of 

(N0j+N0j)-N. Among ihc lrealments pH in all combinations

F ig .  1. R e c o v e r y  o f  m in c r x l  N  ( m g  k g  '  d r y  p u l )  p c « l  in c v ib « lc< i w it h o u t  

( N U . ) ,  S O ^  ( A )  i n d  w it h  ( N i l , ) , S O .  ( B )  i c i x > b ic « l ly  »t 25»,

L . S D  a l 1 %  le v e l:  6 . 8 , 2 . 8 . 4 . 9 , 6 . 7 , 5 . 2 . 2 . 9 . 3 . 2 . 4 . 1 , 2 . 5 ,  f o r  p i  I; 3 8 . 4  9 .  

5 .4 ,  4 .6 ,  3 .9 .  4 .8 .  2 .8 .  2 .3 . 3 .0 ,  f o r  N ;  2 . 1. 3 ,6 ,  4 .1 .  2 . 9 . 6 . 2 ,  5 .8 ,  3 .4 .  4 ,6 .  3 .3  

f o i  N  X p H  a l 5 , 1 0 .1 5 ,2 0 ,2 5 ,3 0 ,3 5 ,4 ( 5 ,  a ;id  4 5  d a y s  r c s p c c l i v c l y ,  I n c u l u i i u d  

(>c ru» l:  1 1 ,2 3 ,
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showed sligliily better formation of (N0j+N0j)-N at 35 and 

45 days of incubation. In contrast, pH 5.5 at any conibinaLions 

showed slight suppression of nitrification.

pH in all tlie ticatincnts decreased nonsignificantJy exccpt 

tliosc receiving no lime which slx)wcd slight increase al the 

latest part of incubation.

Discussion

Ajjplication of lime increased tlie process of arnmoni- 

fication significantly. The profound impact of lime on 

ammonification was also reported by Kaila [6 ] and Harmsen 

and Van Schreven [7]. Tlie recovery of NH^-N was significantly 

greater in peat treated witli lime togetlier witJi (NHJ^SO^ tlian 

lime alone. Addition of soluble N promoted tlie release of NH^- 

N from tlie i>eat by encouraging the growtJi and activity of 

ammonifiers. P jwssibly got fixed in peat and bccame ineffection 

to promote tlie release of NH^-N significantly.

Nitrification occured after a lag piiase of 30 days. Similar 

views were also expressed by Ishaque and Cornfield [ 12] and 

Tan [ 13] who observed tJiat nitrification may proceed following 

a lag period in highly acid soils. Evidences suggest tliat liming 

generally stimulated nitrification in soil [8,14,15]. However, a 

contrasting result was found in this experimenL Too abrupt and 

too drastic liming might cause temporary destruction of 

microbial activity and mineralization of N in soil [16].
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