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Root Profiles and the Ecological Effect of Light Rainshowers in Arid and Semiarid
Regions

ABSTRACT: A previous study reported results from an evaluation of root biomass un-
der nine vegetation types in Montana and concluded that since root biomass in the
top 1-cm soil layer was low, this should be taken as evidence that light rainshowers are
of little value to plants. The objective of this note is to present an analysis which will
test the generality of this conclusion.

Our calculations for a range of sites showed that even under very dry conditions,
a 5-mm rainshower should wet the root zone and become a potential soil water re-
source for plants. Furthermore, basing our assertion on root morphology and the dis-
tribution of roots in the soil, we suggest that the value of light rainshowers to plants
may vary with their life form.

Weaver (1982) presented results from an evaluation of root biomass under nine vegetation
types in Montana. He made two main points: (1) Root biomass in the top 1-cm soil layer was
low for all nine sites sampled; (2) since few roots were found in the top 1-cm layer, this should
be taken as evidence that light rainshowers are of little value to plants. Our objective is to
present an analysis which will test the generality of point number two.

Weaver’s conclusion that light rainshowers are of limited usefulness to plants is not a clearly
logical consequence of his data. He reached this conclusion by combining the idea of a nearly
root-free surface layer with the assumption that 1 cm of dry soil might hold 1-6 mm of water.

As a starting point for our analysis, let us assume that a 5-mm rainfall represents a light
rainshower (Sala and Lauenroth, 1982). If we accept Weaver’s assumption about the water-
holding capacity of dry soil, then a soil that holds 6 mm/cm will hold the entire 5 mm in the
surface layer. On the other hand, if the water-holding capacity is 1 mm/cm, the remaining 4
mm will infiltrate into the root zone. It is clear that Weaver’s conclusion is logical only for soils
with a water-holding capacity of =5 mm/cm.

We now will investigate the validity of the assumption that 1-6 mm/cm is a reasonable
range for the water-holding capacity of surface soils. We will change the problem slightly by
asking how deep into the soil will a 5-mm rainshower penetrate. Hanks and Ashcroft (1980)
presented an equation for calculating the depth of penetration of a rainfall event as a function
of water content at field capacity, the initial water content and the amount of water added.

bW (1)
Oy — Oy

where D (cm) is the depth a rainfall penetrates in the soil, W (cm) is the amount of water
added, O, is the water content (v/v) at field capacity, and ©,; is the initial water content (v/v).

Our calculations for a range of arid and semiarid sites indicated that when initial soil water
content was 30% of the water content at field capacity, a 5-mm rainfall event completely wets,
in all cases, the 0- to 3-cm layer (Table 1). Moreover, in coarse soils, water penetrates more
than 5 cm. Water content of 30% of field capacity is what van Keulen (1975) considered the
average value for water content at wilting point. If the surface soil was as dry as 10% of field
capacity, a 5-mm rainfall would still penetrate a minimum of 2.4 cm (Table 1). The lowest wa-
ter content measured after a 56-day drying cycle in the shortgrass steppe was 16% of field ca-
pacity in the upper layer and 50% in lower layers (Sala ez al., 1981). Soil water potential, which
corresponded to 16 % of field capacity, was —6 MPa.

The average volumetric water content for 30% of field capacity for the soils presented in
Table 1 was 5.6%. Bloemen (1980) reported for 22 soils an average residual saturation (mini-
mum volumetric water content) of 6%, which is quite similar to the lowest water contents used
in Table 1. Most frequently found conditions are similar to the 50% or 30% of field capacity.
These calculations demonstrated that 5-mm rainfall events wet a soil layer where roots are
abundant.

This information agrees with the results of experiments designed to test the hypothesis that
small rainshowers could be used by plants in the shortgrass steppe and therefore that they were
ecologically significant (Sala and Lauenroth, 1982). We found that experimental 5-mm rain-
showers increased soil water potential at 5 cm of depth. A clearer test of the hypothesis was
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provided by the response of Bouteloua gracilis, the dominant perennial grass species of the semi-
arid steppe of the central and southern Great Plains of North America. Leaf water potential
and leaf conductance to water vapor, two variables closely related to key plant processes, rap-
idly increased after the rainfall.

Weaver (1982) supported his conclusion with published data from experiments in which a
palm and a shrub failed to absorb 3?P from upper soil layers. Rather than the conclusion that
light rainshowers are of limited importance, these data suggest that different plant life forms
may have different abilities to use different soil water resources. Light rainshowers may be im-
portant for arid and semiarid systems and may be ecologically significant, even though they are
not used by all the life forms. Moreover, we suggested that the ability of Bouteloua gracilis to uti-
lize small rainshowers may influence its persistence as a dominant species in the steppe region
(Sala and Lauenroth, 1982). The differences in root system characteristics among life forms
are important in understanding soil water partitioning in arid and semiarid regions. We hy-
pothesize that life forms such as shrubs, which possess root systems composed mainly of coarse
roots (Hellmers et al., 1955; Tabler, 1964; Walter, 1979; Rutherford, 1983), will not be able to

use the increments in soil water resulting from small rainshowers.
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