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Abstract: Extremely low in-situ N mineralization and nitrification rates were observed in a grazed pasture in which
the topsoils remained constanty near field capacity. Laboratory incubations showed that a single five day drying
period followed by rewetting increased N mineralization and nitrification rates seven-fold and that three successive
wetting and drying cycles increased the rate fourteen-fold.

Résumé : Des tax extremement faibles de mineralisation et de nitrification de 1'azote ont €€ observes in
situ dans un paturage dont les horizone supericurs du sol restent constamment pres de la capacite au champ. Les
incubations au laboratoire montrent qu'unc seule period seche de 5 jours suivie-d*une rehumidification multplie
par 7 les taux dc mincralisation et de nitrification de 1'azote, et que trois cycles successifs d° humidification et de

. secheresse muldplieat les tanx par 14.

Resumo: Taxas extremamente baixas de mineralizagio e nitrificagio foram observadas numa pastagem pastada
¢ na qual & camada superficial do solo permaneceu constantemente préxima da eapacidade de canipo. As incubagdes
laboratoriais mostraram que bastavam cinco dias de secagem, seguidos por uma rehumidificagio para aumentar sete
vezes as taxas de mineralizaco e nitrificagdo do N e que trés ciclos sucessivos de humidificagio e secagem aumentaram
aqucla taxa de um valor igual & quatorze vezes.
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INTRODUCTION

Pastures are a major form of land use in the humid tropics of South America. Poorly adapted
grasses, infertile soils and overgrazing arc in many cascs Iecading to pasturc degradation and soil
crosiom. Rescarch is being focussed on developing stable persistent grass-legume mixtures that are
tolerarit fo acid soil conditions (Sanchez et al. 1985). It has been suggested that mixed grass-legume
pastures may play an important part in.the nitrogen dynamics of nutrient poor systems. Estimates
have been made of -nitrogen fixation and transfer in mixed pastures (Ledgard er al.1985; Johanscn
& Kerridge 1979), but littde information exists on mineralization and nitrification rates.

Soil moisturc and tcmperaturc regimes are of paramount importance in determining soil organic-
N mincralization rates. Major pulscs of N mineralization occur as a result of increascs in microbial
Aactivity caused by altcrnate wetting and drying (Birch 1958; Cabrera & Kissel 19882 & b). Given
a lack of a pronounced dry scason and high constant temperatures of udic isohyperthermic regimes
encountered in the humid tropics, N mincralization rates arc expected to be high (Greenland & Nye

1959). ’
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Nitrogen mineralization and nitrification rates were measured in Ultisols of the Yunmaguas

Experiment Station in the Amazon of Peru. The climate is lowland humid tropical with mean annual .

temperaturc of 26°C 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 rates were found to be lower in the pastures compared with other management options
eg. low-input cropping, even though the temperatures and substrate availability were high. The purposc
of this investigation was to determine whether these low rates ‘were associated with 1hc lack of
altennate wetting and drymg in the pasture

ME'I'HODS
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In-sxtu nitrogen mineralization and mtnﬁcauon xates were measured in a Bracluana humzdzcola
(Rendle) Schweick.-Desmodium ovalj falzum Wall. pasture, which had been established in 1980.
Samples were taken at two~week1y intervals for a seventy day penod from June to September 1986
using undisturbed soil cores as described by Raison, Connell & Khanna (1987). Thxs ethod mvolvcs

in-situ incubation of undisturbed soil cores isolated within 150 mm long PVC tubes. Tubes were

knocked into the ground in pairs. One tube from each pair was immediately removed, the soil expelled
and the mincral nitrogen content determined as described below. The remaining tube which was

covercd by a loosc fitting cap, to exclude rainfall was left in the field for a 14 day pcnod afier .

which the mineral mtrogen content was determined. Soil moisture contents were determined at the
same time. :
Soil samples from the 0-150 mm depth interval were collected in triplicatc 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 kg™; (2) Air-dried for five days to reduce the moisture content to 0.19

kg kg and rewetted to 024 kg kg before incubation, and (3) Air-dried for five days and rewctted _

to 0.24 kg kg™ three times in succession before incubation.

All samples were incubated in the dark at room temperature for 14 days. A10 g sub-sample '

was taken immediately before and after the incubation for mineral N determination. Samples were
shaken with 20 ml of 0.5M K,SO, for 30 minutes. Filtrates were analyzed for nitrate and
ammonium using colorimetric techniques described by Cataldo et al. (1975) and Dorich & Nelson
(1983) respecuvely Net mineralization was determined as the difference between final and initial
ammonium+nitrate levels. Net mtnf cation was determined as the difference between fmal and initial
nitrate levels. :

RESULTS
The pattem of mineralization over the period June-September is shown in Table 1. The values
obtained vary widely with time and show that these processes are not constant despite the alleged

constancy of tropical climates. The field capacity of the pasture site was 0.26 kg kg. It can be
seen that the soil remained close to this value throughout the season.

The values for the tube incubations shown in Table 2 are mean values for the entirc sampling'

period. It can be scen that the net mineralization rates are much higher than net nitrification rates.
This can be accounted for by the accumulation of ammonium in the tubes during the incubation.
A single drying cycle in the laboratory incubations increased nct mincralization and nitrification
ratcs approximately scven-fold. Subjecting the soil to three wetting and drying cycles doubled these
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rates again (Table 2). All the differences were highly significant. In-situ nitrification ratCS, were
sxgmﬂcantly lower than those measur:d 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 Rate Moisture
(g N kg dry mass day?) (kg * kg1)
mean se mean sc
18 June - . 918 119.2 0.22 0.007
8 July 182.1 1129 022 0.01
26 July 2486 1442 026 0.005
14 August - 2329 492 025 . 0.004 -
* 2 September : -50 61:4 024 0.001,

TABLE 2. Net N mineralization and nitrification rates (g N kg? dry mass day™!) measured by
various proccdures in topsoil (0-150 mm) soil samples from a tropical pasture.

Field Laboratory
Process Tube incubation Continously One drying Three drying
wet cycle cycles
Net mineralization s8.12¢ 63.6° 4743¢ 909.3¢
Net nitrification 2549 AN 4357° 715.7¢

* Within-row values followed by differcnt letters are significanty different at the 95 per cent confidence level,

DISCUSSION

Alternate wetting and drying in soils with ustic, isohyperthermic soil moisture and temperature
regimes has shown o be responsible for the pulsing of nitrogen availability (Greenland 1958; Birch
-1964; Agarwal, Singh & Kanchiro 1971; Cabrera & Kissel 1988a & b). In continuously wet topsoils
two possible situations may result in low apparent mineralization: (1) mineralization is taking place
cxtremely slowly, and only upon drying of the soils does the mineralization rate increase, or (2)
mincralization is procecding at normal rates but denitrification in localized anaerobic conditions
. prevent the measurement of nitrification by the accumulation of nitrate.

The rate of nitrogen loss [rom soil duc to denitrification is increased by factors that increase the
cxtent of anacrobic sites in soil (Firestone 1982). Increasing soil moisture acts as one such factor
by decreasing the rate of oxygen diffusion through the soil matrix, allowing the development of
anacrobic microsites as oxygen consumption exceeds the rate of diffusive supply. Continuously
high soil moisture contents near ficld capacity (Table 1) and soil compaction duc to animal trampling
for five ycars suggests that denitrification may be considerable. Smith & Ticedje (1979) suggested
that it was important to understand the short term denitrification response to increasing soil moisture,




SCHOLES & SANCHEZ 15

in order to better charactgd_ze denitrification losses from field soils following rainfall or irrigation.
Tt.xe measurement of net nitrification does not permit the separation of nitrification from denitrification,
Direct denitrification, measurements are needed.

Itis difficult to know whether or not the low rates observed in the in-situ measurements are under-
estimates of what is occuring in the pastures. On the other hand the disturbance by removing samples
from the field and placing them in plastic bags results in rapid oxidation of organic nitrogen
compounds. Thus, the laboratory incubations are expected to over-estimate mineralization, especially
if drying is allowed to occur. '
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