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Use of slow-release fertilizer as an alternative strategy to mitigate
nutrient loss from farmland
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Abstract

Agricultural non-point source pollution is primarily caused by the loss of nutrients after
applying agricultural fertilizers. In terms of agricultural practices, farmers often apply excessive
fertilizers to ensure crop yields, hoping to promote crop growth. However, when nutrients
cannot be effectively absorbed by plants or retained in the soil, they flow into surface water or
seep into groundwater during rainfall, causing water pollution. Long-term excessive use of
chemical fertilizers can lead to soil acidification, salinization, and water quality pollution,
posing a serious threat to environmental ecology. Controlling non-point source pollution is
challenging, as past efforts have mainly focused on end-of-pipe treatments. Reducing pollution
at the source could save costs associated with later pollution removal.

This study chose Amaranthus mangostanus as the target crop and conducted greenhouse
pot experiments to investigate the impact of slow-release fertilizers on nutrient loss and plant
growth. Different fertilizers and mixing ratios were used to identify the optimal fertilization
conditions. The study also simulated the decomposition rate of slow-release fertilizers during
heavy rainfall and the subsequent changes in nutrient loss concentrations to assess their
practicality when used in actual farming by farmers. According to the research results, under
single fertilizer application conditions, chemical fertilizers > slow-release fertilizers (reduced
by 60 %) > organic fertilizers (reduced by 80 %). Furthermore, the observed order of nutrient
loss from mixed fertilization was: 20 % chemical fertilizer + 80 % slow-release fertilizer
(reduced by 70 %) > 30 % chemical fertilizer + 70 % slow-release fertilizer (reduced by 60 %) >
50 % chemical fertilizer + 50 % slow-release fertilizer (reduced by 30 %). As time passed, the
loss of slow-release fertilizers gradually increased due to nutrient release. During the heavy
rainfall simulation, it was found that slow-release fertilizers released more nutrients into the
soil over time.

A life cycle assessment (LCA) was conducted to determine the carbon footprint and
environmental impacts of using slow-release fertilizer in farmland production. The inventory
results of various fertilization practices were compared using SimaPro, an LCA tool, to model
agricultural systems. This experiment combined the results and pros and cons of using slow-
release fertilizers to positively influence farmers' actual use and fertilization strategies in the
field, potentially increasing agricultural productivity and improving environmental quality for
a win-win economic and environmental protection.

Keywords: Agricultural non-point source pollution, Slow-release fertilizer, Nutrient loss,

Amaranthus mangostanus
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SF 17.98 18.45 6.34 0.38
CSS5 14.02 16.84 3.85 0.18
C387 19.33 19.72 6.88 0.39
C2S8 18.54 17.12 5.53 0.29
0585 18.25 16.35 5.24 0.27
0387 18.41 17.35 6.09 0.33
0258 16.19 17.65 4.40 0.23
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