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Hydrologic regulation of plant rooting depth: Pay
attention to the widespread scenario with intense
seasonal groundwater table fluctuation
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In PNAS, Fan et al. (1) demonstrate that water table
depth (WTD) is a vital determinant and a good predictor
of plant rooting depth at a global scale. However, Pierret
and Lacombe (2) point out that there are some plants
extending their roots far below the WTD [figure 3F and
figure S6 in Fan et al. (1)]. In their reply to those authors,
Fan et al. (3) propose that some of these exceptions are
possibly due to a temporarily shallow water table. How-
ever, this phenomenon can bemore plausibly explained
by groundwater table fluctuation (GTF). Seasonal GTF
caused by precipitation recharge, overexploitation,
and global climate change is widespread in seasonal
drought regions of the world (4–6). Nevertheless, root
system studies under seasonal GTF are rarely reported
(7) and also are not discussed by Fan et al. (1).

Our work, conducted in a Populus tomentosa plan-
tation on the North China Plain (7), found that maxi-
mum rooting depth can reach 270-cm under long-
term intensive seasonal GTF, ranging from 48 to
411 cm WTD (data averaged over 4 y). To adapt
to these kinds of growing conditions, P. tomentosa de-
velops a deep root system, with densely wide-spreading
lateral roots and some structural roots with the ability to
explore both shallow and deep soil water resources. This
indicates that intensive GTF will not negatively affect—
but rather facilitate—the formation of a deep root
system in ecosystems experiencing seasonal drought.
Live roots of P. tomentosa penetrating below WTD are
shown in Fig. 1. In addition to the adaptations that are
mentioned by Pierret and Lacombe (2), maintaining part

of the root system below the water table through the
death of the thinnest roots, and the formation of new
fine roots in the surface soil, can be other waterlogging
adaptation strategies of plants (7, 8).

Fan et al. (1) seem to develop their theory using
root data under constant or slightly varying WTD con-
ditions, while never considering scenarios with GTF.
The North China Plain is a typical region with large
amplitude of GTF (6), but it was not included in the
range of data used by Fan et al. (1).

Although our findings demonstrate roots could be
distributed within a temporarily shallow water table
(Fig. 1), long-term hypoxia under a relatively constant
groundwater table may still limit the root growth and
determine the rooting depth. Therefore, if taking GTF
into consideration, the theory presented by Fan et al.
(1) may be stated more accurately by revising it to
“where it is constant or varies only slightly, WTD is
an important driver of rooting depth.”

In conclusion, Fan et al. (1) take a big step in re-
vealing global hydrologic controls of rooting depth.
However, we suggest that more attention should be
paid to root studies under seasonal GTF, and rooting
depth data in typical regions with GTF are still needed
to further develop theories about hydrologic controls
of rooting depth.
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Fig. 1. Live roots of P. tomentosa growing below the WTD in the North China Plain. (A) Root sampling down to the WTD in 2009. (B and C) Live
roots at depth of 270 cm, which were sampled after the WTD dropped in the spring of 2012.
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