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Combined effects of nitrification inhibitor and zeolite on greenhouse
gas fluxes and corn growth
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Abstract
Field and incubation experiments were conducted to determine the emission rate of greenhouse gases, nitrogen change, popu-
lations of AOB, NOB, and fungi as well as growth of corn in response to amendment of urea granulated with and without
nitrification inhibitors and zeolite. The application of urea with neem, urea with zeolite, urea with zeolite + neem, urea with
zeolite + dicyandiamide, and urea with dicyandiamide (UD) decreased the N2O emissions by 16.3%, 59.6%, 66.8%, 81.9%,
16.3%, and 86.7%, respectively. Meanwhile, patterns of CH4 fluxes were mostly determined by small emissions. Increase in corn
height, weight of cobs, biomass, and chlorophyll leaf contents were not significantly different between urea alone and urea with
NIs and zeolite. In the incubation experiment, the highest concentration of NH4

+ and N2O production was detected during the
first week and it remained high up to the second week of incubation in the combination of urea with NIs and zeolite treatments,
although there was no significant difference compared with urea. During NH4

+ decrease, the concentration of NO3
− started to

accumulate from the second to the third weeks. Production of CO2 showed no significant differences among treatments. The
static production of CO2 could also explain that NIs and zeolite additions did not changeAOB, NOB, and fungi activities after the
fourth week of incubation.
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Introduction

Urea (CO(NH2)2 has been widely used by farmers as a major
source of nitrogen fertilizer to support corn production which
is the secondmost important cereal after rice in Indonesia. The
worldwide demand for urea was forecasted to increase from
148 Mt in 2010 to 171.7 Mt in 2015, representing a growth of
3.2% per annum (IFA 2011). Nitrogen (N) is more substantial
in a plant and needs larger quantities than other nutrients and it
is estimated that only 30–40% of the application of N fertilizer

is taken up by the crop. Most of it disappears by ammonia
volatilization, nitrification, and denitrification. Therefore, the
use of urea in the agriculture sector in order to increase the
quantity and quality of agricultural food production can gen-
erate a negative impact on the environment, such as ozone
layer depletion due to enhancement of greenhouse gas emis-
sions, particularly nitrous oxide (N2O) gas (Mosier and
Kroeze 2000).

Emission of N2O gas in agricultural land is determined by
the nitrification process in aerobic soil conditions and formed
nitrate (NO3

−) that has mobility capacity to leach as a pollutant
to the environment. The NO3

− is susceptible to denitrification
loss in anaerobic conditions in soil or water. In addition, that
process is also a cause of low use nitrogen fertilizer efficiency
in the agricultural sector (Mosier and Kroeze 2000). The pro-
cess of release of N2O from the soil into the atmosphere is
influenced by diffusion processes in the soil and the capacity
of soil to consume N2O, which is determined by several fac-
tors such as the production footprint in the soil, soil organic
matter, soil texture, and soil water content (Zhang et al. 2017;
Majumdar et al. 2002; Jumadi et al. 2014).
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