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Rui et al. (1) reported that perennial pasture with rota-
tional grazing significantly increased soil organic carbon
(SOC) stock at 0 to 30 cm by 15 to 28% compared to con-
ventional continuous annual cropping systems in a 29-y
field experiment in the north-central United States. We
applaud their efforts in managing such a valuable long-
term experiment as well as revealing the intriguing poten-
tials to enhance SOC stock by promoting land conversion
from annuals to perennials with optimized management.
However, we think that additional efforts should be taken
to interpret their results soundly.

A reanalysis of their data shows that cropping systems
significantly affected SOC and mineral-associated organic
matter (MAOM)-C stocks in the topsoil (0 to 15 cm) but
not in the subsoil (15 to 30 cm; Fig. 1). Thus, the increased
SOC stock under the pasture and the associated contribu-
tion from MAOM-C in Rui et al. (1) could be detected only
for the topsoil, where plant C inputs are the highest.

Moreover, SOC stock is positively correlated with the con-
tent of amino sugars solely in the topsoil, but it is nega-
tively correlated with N-acetyl-β-D-glucosaminidase and
polyphenol oxidase activities in the subsoil (Fig. 2). Alto-
gether, our results highlight that not only SOC stock
changes but also the underlying mechanisms may differ
between the topsoil and the subsoil. Therefore, processes
affecting the buildup of SOC may differ greatly with soil
depth.

Indeed, depth-dependent responses of SOC stock to
land use and management have been reported (2, 3).
Based on 19-y experimental observations in California,
Tautges et al. (4) showed that addition of winter cover
crops to a conventionally managed system increased SOC
stock by 4% at 0 to 30 cm but decreased it by 11% at 30 to
200 cm, resulting in net losses of SOC stock at 0- to 200-cm
depth. Thus, Rui et al. (1) may overestimate the SOC stock
benefits when they merely reported results at 0- to 30-cm
depth.

Apart from the depth-dependent response, there are
four other uncertainties. First, the lack of measurements at
the start of the experiment may induce some biases even
in replicated trials (5). For example, increases in SOC stock
are larger when the initial SOC is lower (6). Second, deca-
des or even longer periods are required to document sig-
nificant changes in SOC stock after land conversions (6, 7).
Therefore, the historical patterns may contain equally
important information as the latest observations. Third,
equivalent mass SOC stock rather than SOC stock at fixed
depth should be reported considering land conversions
(5). Finally, there are some intrinsic challenges when inte-
grating long-term observations with a single measurement
of soil microbial variables (8), especially when considering
the diurnal and seasonal variations of the studied micro-
bial variables.

We compliment Rui et al. (1) for presenting results from
the long-term experiment that provides valuable insights
on SOC dynamics, particularly related to novel microbial
and enzyme mechanisms (9, 10). Such insights offer the
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Fig. 1. The effect of various cropping systems on SOC and MAOM-C stock
at (A and C) 0- to 15-cm and (B and D) 15- to 30-cm depths. Values are mean
± SEs of four replicates. Values without shared letters indicate significant dif-
ference at P < 0.05. Maize, continuous monoculture maize system with
annual tillage. MS, no-till maize–soybean rotation. MSW, organically managed
maize–soybean–wheat rotation. MAAA, maize–alfalfa–alfalfa–alfalfa rotation.
MOA, organic maize–oats/alfalfa/alfalfa rotation. Pasture, rotationally grazed
cool-season grass–legume mixtures. More detailed information and the origi-
nal data can be found in Rui et al. (1).
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basis for developing climate-smart agriculture, and we con-
cur with the authors on the needs for unraveling the
underlying mechanisms associated with enhanced SOC
accumulation in perennial pastures.
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Fig. 2. Correlations between land conversion-induced changes of the studied variables. POM-C, particulate-associated organic carbon. MAOM-C, mineral-
associated organic carbon. MBC, microbial biomass carbon. CUE, microbial carbon use efficiency. AS, amino sugars. BG, β-glucosidase. AG, α-glucosidase.
CBH, β-cellobiohydrolase. NAG, N-acetyl-β-D-glucosaminidase. PPO, polyphenol oxidase. PER, peroxidase. Significant differences were evaluated at
***P < 0.001, **P < 0.01, and *P < 0.05.
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