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Abstract: E x ~ m t l y  low in-situ N mkaalization and nitrification rates wac observed in a grazed pasturein which 
the topsoils remained &nstantly near fidd capacity. Laboratory incubations s h o d  that a single fivc day d&ng 
period followed by rewetting innrased M anintralization and nitrification rates seven-fold and that thne succcssibc 
wetting and drying cycles incxwsed the rate fourteen-fold. 

I 
I 

RCsmC : Des tam tx~mcmenr faibla de rnineralisation et dc nitrification dc l'azotc ont it6 obsmes in 
situ dans un pahnage dont les hairone superieurs du sol rrstcnt constarnmcnt prcs de la capacitc au champ. I f i  
incubaaons au laborat& montFtnt qu'une s d c  period =he & 5 jours suivic-d'.unc rehumidification multiplic ; 
par 7 Ics taux dc minaalisaton ct dc nitrification de I'azotc, et que trois cydu successifs d' humidification et de I 

sechercsse multiplient les tam par 14. 1 

R c s m :  Taxas cx~munentc b a s  de mincraliqSo c nimfica$Zo forah obsmadai nurna paslagem pastada 
e n i  qual a m d a  superficial do solo permancceu canstantemen@ @xima da mpacidadc & cbipo. As incubilcbcs 
laboratoxiais mosaaram quc bytav,qm dnco dias de swagem, seguidos p nma khumiclifica@o aumcntaraete 
vcm as *rxas & mi- c niaifka@o do N e quc t& cidos suctssivos dc humidificq50 e m c m  aumcntvam 
aqucla taxa dc urn valor igual a quatom vezts. 

- 
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Pasturcs are a major form of land use in the humid tropics of South America. Poorly ad&xcd a 

grasses, inferrile soils and overgrazing arc in many cases Icading to p a s m  degradation and soil 
crosion. Rcscarch is bcing focusscd on dcvcIoping stablc pcrsistcnt @s-legume mixlurcs that arc 
toleraritm acid soil conditions (Sanchez et al. 1985). It has been suggested that mixed grass-legume 
pastures may play an important part in Ihc nitrogcn dynamics of nutrient poor systcrns. Estimtcs 
have bccn made of nimgen fixation and transfer in mixed paswres (Ledgard e f  ~1.1985; Johanscn 
& Kerridge 1979). but liltlc information exists on mineralization and nirrifiution ntcs. 

Soil moisturc and tcmpcnturc regimcs are of paramount importance in determining soil organic- 
N mineralization rates. Major pulses of N mineralization occur as a result of incrcascs in microbial 
activity caused by altcmate wclting and drying (Birch 1958; Cabrera & Kisscl 198& 8: b). Givcn 
a lack of a pronounced dry scason and high constzlnt tcrnpenturcs of udic i s o h ~ h e m i c  rcgimcs 
encounwd in the humid tropics. N miqcrali7~tion ntcs arc cxpectcd to be high (Greenland & Nyc 
1959). -. 
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Nitrogcn minedization and niuification ntcs wcrc measured in U l d ~ ~ l s  of tllc Yurimapas 
Expcrimcnl Station in the Amazon of Pcru. The climate is lowland humid tropical wilh mcsln annual . 

tcmperaturc of 26OC and mean annual rainfall of 210 mm without a pronounced dry season. ' 
The soil is classified as fine loamy. siliceous isohyperthermic Typic Paleudult. Nitrogcn 

mineralization mtes were found to be lower in the pastures compared with other managcrncnt options 
eg. low-input cropping, even though rhe temperam and substnle availability were high. The purposc 
of this investigation was to determine whether thm- low ntes we= assoc&kd with the lack of 
altennate wetting and drying in the pasture; 

METHODS . . ..- 7 : 2. C - -. - - . :  - -.. r . s  . -  - - . ., e , .- - 
In-situ nitrogen minerdlation and ni&cation rates were measured in a ~raihiaria humidicoln 

(Rendle) Schweick-Desmodium ovalifoiwn Wall. pasture, which had been esublished in 1980. 
Samples were mkcn at two-weekly intervals for a seventy day period from June to SepEmber 1986 
using undkwbcd soil cores a i  demibed by F&s&, conncli& ~harina (1987). llG:mehod inv01vk~ % 
in-situ incubation of undisturbed.soil cores isolated within 150 mm long PVC tubes. Tubes wcre 
knocked into the gmund in pairs. One Lube from each pair was immediately removed, the soil expcllcd 
and the mined nitro@n *content dctermincd as .described bclow. The remaining lube which was 
covercd by a loosc fitting cap,.to excludc rainfall was left in the field for a 14 .day period, af1c.r 
which the m i n d  nitrogen content .NQS determined. Soil moisture contents wcre determined at thc 
same time. 

Soil samples from the 0-150 mm depth i n t c d  wen: collected in triplicate from the pasture and 
subjected to the following treatments in the laboratory : (1) Incubation in plastic bags at the field 
moisture content of 0.24 kg kg4; (2) Air-dried for five days to reduce the moisture con tent to 0.19 
kg kg-' and rewead to 0 3  kg I& before incubation', and '(3) Air-dried for five days and rewctted 
to 0.24 kg k c 1  thrce times in succession .before incubation. 

All samples were incubated in the dark at room temperature for 14 days. A 10 g sub-sample 
was taken immediately before and after the incubation for mineral N determination. Sample were 
shaken with 20 ml of OSM K$O, for 30 minutes. Filtrates were analyzed for nitrate and 
ammonium usin~colorimetric techniques described by Cataldo el al. (1975) and Dorich & Nelson 
(1983) respectively. Net mineralization was determined as the difference between f ind and initial 
amrnonium+nimte levels. Net nirrification was determined as the difference between final and initial 
nitrate IeveIs. 

RESULTS 

The paucrn of mineralization over the period June-September is shown in Table 1. The values 
obtained vluy widely with Lime and show that rhese processes are not constant despite thc alleged 
constancy of tropicaI climates. The field capacity of the pasuc site was 0 2 6  kg kg1. It can bc 
seen that the soil remained close to this value throughout the xason. - 

The values for thc tube incubations shown in Table 2 are mean values for the entire sampling 
period It can be sccn that thc net mindization ntes an: much higher than net nitrification rales. 
This can be accounted for &y the accumulation of ammonium in the tubcs during Ihe incubation. 
A single drying cycle in the laboratory incubations incmsed net mineralization and nitrification 
ntcs approximately scven-fold. Subjecting thc soil to thrce wctting and drying cyclcs doubled Lhese 
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rates again uable 2). f i 1  the differences were highly significant. In-situ nitrification rats, were 
significantly lower than those measurd in the laboratory. 

TABLE 1. Net mineralization rates and percentage moisture of the topsoils (0-150 mm) in the pasture. 

Time of Sampling Net Mineralization R a  Moisture 
@g N kg1 dry mass dayl) (kg ' kg1) 

mean se mean sc 

18 Junc 97.8 1194 0.22 0.007 
8 July 1821 112.9 0.22 0.01 
26 July 248.6 144.2 OM 0.005 
14 August - 232.9 149.2 ' 0.25 0.004 
2 September -5.0 61:4 0.24 0.001. 

TABLE 2. Net N mineralization and nih-ifrcation ntes (g N kg1 dry mass day') measured by I 
various procedures in topsoil (0-150 mrn) soil samples from a tropical pasture. 

Field Laboratory 

Proccss Tube incubation Continously One drying Thnc drying 
wet cycle cycla 

Nct mineralization 
Net nitrification 

Within-row values followed by diffaent letters arc significantly diffcrcnt at the 95 per a n t  confidence lcveL 

DISCUSSION 

Altcmate wcuing and drying in soils with ustic, isohyperthermic soil moisture and temperatun: 
regimes has shown to be responsible for Ihc pulsing of nitrogen availability (Greenland 1958; Birch 
1964; Ag~wal, Singh & Kanehiro 1971; Cabma & Kil1988a  & b). In continuously wet topsoils 
two possible situations may rcsult in low apparcnt mineralization: (1) mineralization is taking place 
cxtrcmcly slowly, and .only upon drying of Ihe soils does the mineralization xate incrcase, or (2) 
mineralization is proceeding at normal rates but denilrification in localized anaerobic conditions 
prcvcnt the mcasurcmcnt of nitrification by the accumulation of niuate. 

The ntc of nitrogen loss from soil due to dcnilrification is increased by factors that incrcase the 
cxtent of anrtcrobic sites in soil (Firestone 1982). Increasing soil moislurc: acts as one such factor 
by decreasing thc rrtc of oxygcn diffusion through the soil matrix, allowing the development of 
anaerobic micrositcs as oxygcn consumption excceds Lhc ratc of diffusive supply. Continuously 
high soil rnoisturc contcnts near field capacity (TabIc 1) and soil compaction due to animal mpl ing  
for five y c ~ s  suggcsts Lhat dcnirn'fication may be considcrable. Smith & Ticdje (1979) suggcstcd 
that jt was important to undcrsfand the short tcrm dcnitrifimtion response 10 increasing soil moisture, 
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in order to bettcr characterize denitrification losses from field soils following rainfall or irrigation. 
The measurement of net nitrirlcation does not permit the separation ofni~fication fmm denimfiation. 
Direct denitrification. meas-ents are needed. 

It is difficult LO know whether or not the low rates observed in h e  in-situ measurements are under- 
estimates of what is occuring in thc pastures. On the other hand the disMance.by removing samples 
from the field and placing them in plastic bags resuIts in rapid oxidation of organic' nitrogen 
compounds. Thus, the laboratory incubations are expected KI oveiestimate mineraIization, especially 
if drying is allowed to occur. 

?he authors extend thanks'to the staff of the Yurimaguas Research Station especially Rafael Roman 
and Pedro Ruiz for their assistance in laboratory analyses. Thanks also to Cheryl Palm, Miguel 
Ayarza and Bob Scholes for helpful discussions. 
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