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Carbon, an essential element for life, is crucial in
agriculture as it supports plant growth and maintains soil
health. Soil microbes depend on carbon for energy, and as
they decompose organic material (carbon mineralization)
for carbon and nutrients. This process also returns nutrients
to the soil and ecosystem and contributes to the global
carbon cycle, potentially improving soil and ecosystem
health.

Soil carbon is broadly divided into organic carbon and
inorganic carbon: while soil organic carbon is essential
for soil health and productivity, soil inorganic carbon
forms such as calcium carbonate or caliche often present
unique challenges to agriculture (Figure 1). Soil organic
carbon has two primary categories: labile fractions that
are easily accessible to most microbial communities, and
stable fractions that are more complex, and it is resistant
to decomposition by most microbial groups. POX-C is
an abbreviation for Permanganate Oxidizable Carbon,
which is a dynamic, labile component of total soil organic
carbon (Figure 1). POX-C accounts for 2-6% of total soil
organic carbon and acts as a readily available energy
source for soil microorganisms'. Soil organic carbon as
POX-C is highly associated with soil fertility as this labile
organic carbon fraction, POX-C, is easily accessible to
soil microbes and when decomposed, it releases essential
plant nutrients (such as nitrogen, phosphorus, sulfur)
tied up in soil organic matter. Higher levels of POX-C can
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Figure 1. POX-C is a small fraction of total soil carbon pool

promote microbial activity as most microbes can access
this source of energy they require to reproduce and sustain
in the soil. Therefore, managing carbon inputs is essential
for maintaining soil health and improving agricultural
sustainability’. Carbon inputs with higher POX-C and
similar labile soil organic carbon contents (compost)
influence soil microbes differently than carbon inputs with
more stable sources of soil organic carbon (biochar).

Why POX-C isimportant for Agricultural
Sustainability?

Although POX-C is a universally recognized soil health
indicator, most commercial soil testing labs and agronomic
consultancies are unaware of its significance and do
not offer this test for growers. This article aims to explain
POX-C for a wide range of stakeholders including agronomic
consultants, Extension professionals, and most importantly
commercial growers. POX-C is mostly made up of simpler
organic molecules like carbohydrates and proteins,
which serve as an important energy source for microbes?.
These compounds connect POX-C to microbial function
by enhancing vital microbial processes like carbon
mineralization and nutrient cycling®. Moreover, increased
POX-C levels promote microbial activity, which improves
soil fertility, resilience, and structure*, making it an essential
indicator of soil health and agricultural sustainability.
As a rapid and accurate indicator of soil health, POX-C
helps identify minute changes in soil carbon dynamics
faster than assessments of total organic matter or organic
carbon’. Agricultural management practices such as the
addition of cover crops, organic amendments and reduced
tillage can significantly increase POX-C levels, fostering
soil vitality and sustainable productivity®. Overall, POX-C
is very sensitive to any soil management activities and can
help monitor soil health changes.

POX-C’s role in building healthy desert
soils

Desert ecosystems are characterized by extreme
circumstances, such as high temperatures, minimal
precipitation, and a lack of organic matter, resulting in
soils with low POX-C and soil organic carbon (Figure 2).
However, POX-C can provide valuable information about
soil health and land management. Soil health surveys
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Figure 2. Desert soils lack organic carbon due to rapid decomposition of
organic carbon

Figure 3. Cover crops can incorporate soil organic matter, and improve
POX-C contents

conducted by our team in Arizona reported soil organic
carbon values ranging between 0.34 — 1.22 % (mean 0.88%)
and POX-C values between 0 and 422 mg carbon/ kg
soil (257 mg carbon/ kg soil)’. Increasing organic inputs
with larger quantities of labile carbon, while minimizing
soil disturbance can boost POX-C levels, improving soil
stability, water retention, and microbial life, all of which are
critical for maintaining soil health in arid situations. POX-
C's high sensitivity to any changes in soil management
practices makes it an important monitoring tool for desert
soil health and an early predictor of soil improvement.
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