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Abstract 
The average annual rainfall was close to the average for the Jornada Experi-
mental Range basin (225 mm∙y−1). Decomposition of leaf litter bags on the 
soil surface was a function of the rainfall at the site and of soil texture. Sites 
with the highest splash erosion and infiltration (highest sand content) had the 
highest decomposition rates. There was no evidence that run-off, run-on 
processes had an effect on the decomposition of surface litter. Root decompo-
sition was only different at one of the tarbush sites (p > 0.001) and that dif-
ference was primarily due to soil texture and spatial distribution of rainfall. 
High concentration of the clay-silt fraction resulted in differences in mass 
loss of surface litter at grassland, dry-lakes, and tarbush sites. One site at each 
of these was different from the other two sites because they are between 8 and 
20 km from the other two sites. 
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1. Introduction 

In mesic environments, decomposition rates can be predicted by a regression 
model based on actual evapotranspiration (AET) and lignin content of the dead 
plant material [1]. The AET model greatly underestimates mass losses in deserts 
[2]. In a study of five species (one shrub, one tree, and three grass species) there 
were no consistent results relating mass losses to litter chemistry or antecedent 
precipitation [3]. Experiments using sprinkler irrigation to simulate rainfall 
found that litter placed in the field during an extended dry period lost mass fast-
er than non-irrigated litter [4]. In the winter rainfall Negev Desert, irrigation in-
creased mass losses during the rainless summer [5]. Imposition of drought had 
no effect on decomposition rates of creosote bush leaf litter on the soil surface. 
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However, decomposition rates of roots of a perennial herb were reduced by im-
posing drought but with irrigation were the same as the control [6]. In a study of 
surface litter decomposition on a watershed, highest rates were recorded for a 
run-on area near the base of the watershed. The higher rate was attributed to se-
diment from run-off burying the litter bags [7]. The only report of decomposi-
tion on a watershed is that of Cepeda-Pizarro and Whitford (1990) [7]. 

Decomposition of roots is the major contributor to the recalcitrant soil or-
ganic carbon pool. Roots vary considerably in initial lignin content (approx-
imately 17% for roots of an annual plant, 24% for roots of a woody shrub, and 
27% - 29% for roots of several grasses. Decomposition rates of roots were in-
versely related to the initial lignin content and also to the initial nitrogen content 
which were lower in the roots of grasses than in the other species examined [8]. 
Average annual mass losses from woody roots (40%) were considerably lower 
than the average annual mass losses from roots of herbaceous annuals (85% - 
90%) which was related to the lignin content of the roots and to the susceptibili-
ty of herbaceous roots to attack by subterranean termites [9] [10]. A study that 
compared creosote bush (Larrea tridentata) and mesquite (Prosopis glandulosa) 
leaf litter and roots reported that leaf litter placed on the soil surface had higher 
mass loss than the roots of these woody shrubs [11]. Drought was imposed by 
the use of “rain-out” shelters. In both species, leaf litter decayed at a faster rate 
and was less affected by drought than the decay of roots [11]. Differences in the 
chemical structure of roots of woody plants and annual plants plus soil texture 
accounted for the differences between leaf litter decomposition and the decom-
position of roots. 

A study of the decomposition of fine (≤2 mm) and coarse roots of Artemesia 
halodendron reported initial rapid mass loss in the first 53 days (36.2% of coarse 
roots and 39.8% of fine roots). After 381 days of the experiment, there were 
18.4% of coarse roots and 30.5% of fine roots that were added to the initial mass 
loss [12]. Another study in a Chinese desert, reported that mass losses of roots 
were controlled by the initial lignin content and the lignin to nitrogen ratio but 
that water and nitrogen addition had no effect on root mass loss [13]. Imposed 
drought reduced decomposition rates of the roots by approximately 25% over 
the extent of the experiment [11]. 

No studies of root decomposition or surface litter decomposition have ex-
amined landscape-watershed relationships of decomposition rates to run-off, 
run-on processes. We hypothesized that run-off, run-on processes and differ-
ences in soil type would result in differences in decomposition rates [7]. Soil type 
is essential for precipitation infiltration and splash erosion. The amount and in-
tensity of precipitation determine the quantity of run-off and run-on from slop-
ing terrain. We expected that decomposition rates of surface litter would be 
lower than that decomposition of tethered roots. 

2. Site Descriptions 

We established three sites in each of five vegetation types that typify the Chihu-
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ahuan Desert: mesquite (Prosopis glandulosa) two in coppice dunes (md) and 
one on level soil (ml) (Table 1). The black-grama (Bouteloua eriopoda) grass-
land sites included one at base of a mountain (gm), one at the base of a wa-
tershed (gb), and one in a flat, black grama grassland (gIBP). For tarbush (Flou-
rensia cernua) two sites were mid-slope separated by an elevated road bed (tw 
and te) and one near the lowest point on the watershed that was approximately 8 
km from the other two sites (tn). There were three creosote bush sites (Larrea 
tridentata) on a sloping piedmont: one on shallow soil 15 - 30 cm from the sur-
face to an indurated calcium carbonate layer (Ccali), a site with gravel surface 
soils (Cgrav) and one site on deep sandy soil (Csand). Two of the dry lake (Psmall) 
and (Pcoll) sites were dominated by Panicum obtusum. These sites flood during 
intense rains. One dry lake basin (Pt) was dominated by tobosa grass (Pleuraphis 
mutica) that rarely floods. All plots were fenced with four strand barbed wire 
fence to prevent cattle from disturbing the experiment. 

Two of the grassland sites are on the same watershed with one site at the base 
of a mountain and the other on the low slopes of the watershed and the third site 
is on shallow soils with a caliche (calcium carbonate) layer at a depth of 15 - 30 
cm. This site is approximately 20 km north of the other grassland sites. The 
smallest playa (Ps) (dry lake) has a diameter of around 200 m and a total area of 
approximately 5 hectares. The other playa (Pc) is a 40 hectare dry-lake at the 
base of a watershed. The soil at the dry lake bed dominated by tobosa grass 
(Pleuraphis mutica) has different soils and is located more than 20 km from any 
of the other sites. It is a large dry lake (playa diameter > 1 km). That dry lake  
 
Table 1. Soil analysis of all of the sites used in the decomposition-landscape study. 

Clay (%) Silt (%) Sand (%) Dominant Vegetation 

8.2 6.2 86 Md dune 

9.9 6.7 82 Md-dune 

11 6.8 82 Ml-level 

11 26 55 Te-east 

21 24 55 Tw-west 

17 22 59 Tn-north 

8.9 9.1 82 Gb-basin 

26 19 55 Gs-Mnt 

6 13 81 Gi-distant 

72 27 1 Ps-small 

57 33 2 Pc-college 

36 30 33 Pt-tobosa 

9 18 72 Cc-caliche 

13 19 68 Cg-gravel 

13 15 72 Cs-sand 
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(with tobosa grass (P. mutica) has different precipitation from the other two 
playa sites and receives little or no run-on. Several sites were located on a wa-
tershed from the base of a mountain (gm) with creosote bush sites on the upper 
piedmont slopes and one grassland site (gb) that terminated in a dry lakebed 
(Pcoll). 

3. Methods 

Air-dried to a constant weight, five grams of creosote bush leaf litter was con-
fined in fiberglass screen (1.5 mm mesh) litter bags. We placed 10 litter bags at 
the base of shrubs or grass tussocks in each plot. Bags were placed in 1 m2 plots 
that were selected at random from the 50, one m2 plots. Litter bags were placed 
in the field in January and collected at the end of one year. 

D. wislizenii roots were cleaned and air dried to a constant mass prior to at-
taching a metal tag with a wire to a root. The roots were placed in the field at the 
end of May before the monsoon rain season. When we went to collect roots at 
the end of three months, there was evidence of roots being pulled up by the tag. 
We found several tags in nearby pack rat mounds (Neotoma spp.). We only col-
lected three samples in the early September sample and when we went back to 
collect the 6 month samples, most of the tags were gone and we were left with 
few root samples. Therefore, the root decomposition is for 3 months buried in 
the soil and we were unable to access large samples for statistical analysis. The 
data are for a variable number of roots that were not removed by animals. All 
data were analyzed by an analysis of variance with significant differences at the p 
< 0.05 level. 

We collected soil cores to a depth of >30 cm at each site in order to obtain 
quantitative data on soil textures. We used the hydrometer method for soil tex-
ture as described by Gee and Bauder (1979) [14]. We did not have rain gauges at 
each of the 15 sites and used the rainfall at the mid-slope of a watershed for the 
dry lake at the base of the watershed, two of the grassland sites, and all of the 
creosote bush sites. Two of the mesquite sites were coppice dunes that formed 
around the shrub and one mesquite site was a sandy site with little topography. 

4. Results 

Creosote bush leaf litter decomposition on the surface of the soil was more a 
function of rainfall at the site than run-off, run-on relationships. For example, 
there were no differences in decomposition under mesquite shrubs (61.3% mass 
remaining) with an annual rainfall of 161.8 mm (Table 2). There were no dif-
ferences at two of the tarbush sites that received 152.7 mm of precipitation. The 
other tarbush site received 261.7 mm of precipitation and had higher mass loss 
(65%) than the other two F. cernua sites with an average mass loss of 34% 
(Figure 1). The grassland sites were also primarily affected by annual rainfall: 
mountain grassland mass loss 78% with precipitation of 265.7 mm, basin grass-
land mass loss 43% with precipitation of 93.7 mm, and distant grassland 64%  
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Figure 1. Litter remaining in litter bags with air-dried creosote bush (Larrea tridentata) 
leaves and small stems. 
 
Table 2. Means and standard deviations of mass remaining (percent of original mass) of 
tagged roots in each of the major vegetation types within the Chihuahuan Desert. 

Vegetation Type mean std dev 

Prosopis glandulosa 0.60 ±0.07 

Bouteloua eriopoda 0.58 ±0.14 

Larrea tridentata 0.71 ±0.08 

Flourensia cernua 0.41 ±0.20 

Playa Dry Lake 0.70 ±0.17 

 
mass remaining with a precipitation of 112.9 mm. Two of the dry lake sites that 
flooded had high decomposition rates of more than 80% with precipitation of 
200.8 mm and the litter mass remaining at the tobosa grass dry lake was 46%. 
Precipitation at this site was 200 mm. The creosote bush sites with precipitation 
of 204.7 mm reported an average mass loss of 72%. None of the creosote bush 
sites were different from each other because of the large variance (Figure 1). 

The differences in mass loss percentage among the roots that were in the field 
for three months and roots collected after 6 months were very small. At most of 
the sites, percent mass remaining was between 60% and 80% with the lowest 
values recorded at the grassland site at the base of a mountain (42%) and the 
small dry-lake (46%) (Figure 1). Two of the tarbush sites had low percent of 
mass loss while the one site had a high percent mass loss after three months in 
the field (Figure 1). That site has a different soil type than the other two F. cer-
nua sites. At the high decomposition tarbush site, the texture measurements 
were: 11% clay, 26.4% silt, and sand 62.6%. The average texture of the other sites 
was: clay—16.5%, silt—25% and sand—55%. The precipitation at this site was 
261 mm and at the other tarbush sites was 152.7 mm. The higher sand content 
and high precipitation this site allowed for greater infiltration and splash erosion 
of rainfall because of the higher sand content. The lower precipitation and high-
er clay-silt fraction of the soil (47.3%) compared with the clay-silt fraction of 
52.5% of the other two tarbush sites also contributed to the differences in root 
decomposition at the site. 
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The highest percent mass loss from the roots was at two of the dry-lakes 
where the surface soils were cracking clays that seal when the dry-lake was 
flooded. The rainfall at the dry lakes dominated by Panicum obtusum was 132 
mm while the tobosa grass playa received 165.9 mm of rainfall. The tobosa grass 
dry lake was much larger (>1 km in diameter) than the dry lakes with Panicum 
obtusum as the dominant grass on the lake bed. The soil at the tobosa grass dry 
lake had a lower clay content 46% vs. 54.6% than the other dry lakes, higher bulk 
density (1.6 vs. 1.4) and a much higher sand content (26.4% vs. 7.7%). Splash 
erosion detaches soil which can cover leaf litter and accelerate of decomposition. 
Factors that affect detachability of soil materials include: bulk density, soil tex-
ture, and soil structure [15]. Sandy soils have the highest probability of splash 
erosion and cracking clays the lowest probability.  

The only vegetation assemblages where decomposition of roots was signifi-
cantly different was the tarbush site at the lowest elevation and most distant 
from the other two sites. Most convectional storms in the Chihuahuan Desert 
are less than 2 km in diameter which explains the difference in precipitation of 
the two sites and the more distant tarbush site [6]. The soils at the mesquite sites 
are sandy soils with high infiltration rates (83.3% sand). The mesquite sites are 
more than 20 km from most of the other sites. All of the creosote bush sites had 
similar rates of mass loss (Figure 1) and these sites are all on erosion slopes 
dominated by L. tridentata with sand contributing the largest fraction of the soil 
(59% - 72%). 

5. Discussion 

Decomposition rates of creosote bush leaf litter were primarily due to soil dif-
ferences and spatial variation in precipitation. The one tarbush site that was dif-
ferent from the other two was a site that had the lowest clay content relatively 
high sand content. Since the site with the highest decomposition rate had an 
annual precipitation of 261.7 mm and the other two tarbush sites had a precipi-
tation total for the year of 152.7 mm, the differences in decomposition rates are 
probably due to precipitation differences. The major difference in the tarbush 
sites was the precipitation not soil differences. The difference between the two 
sites with the same rainfall was attributed to the elevated road bed that blocked 
run-off water from the site with the lowest decomposition rate. In two of the 
three grassland sites, precipitation differences account for some of the variation 
among sites (265.7 mm at the base of a mountain and 220 mm for the low eleva-
tion site). However the grassland site that was not on the watershed and was 
more than 20 km from the watershed sites had different soils (45% clay-silt frac-
tion) and only 55% sand with 220 mm annual precipitation. The other grassland 
sites had clay-silt fractions of 14% and sand fractions > 80%. There was an ab-
sence of intense, large convectional storms that supplied rainfall sufficient to 
cause run-off during the year of the study. The two dry lakes near the mountains 
received at least one sufficiently large precipitation event to produce standing 
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water on the lake bottoms. The high decomposition rates for these two lakes are 
due to standing water. In a study that examined decomposition along a rainfall 
gradient in Israel, we found that decomposition of litter in mesh bags decayed at 
a rate commensurate with the rainfall of the areas [16]. In this study, rainfall and 
soil texture which affects water infiltration was involved in decomposition rate 
differences. Another factor that may accelerate the decomposition of surface lit-
ter is splash erosion. Splash erosion detaches soil which can cover leaf litter and 
accelerate decomposition. Factors that affect detachability of soil materials in-
clude: bulk density, soil texture, and soil structure [15]. Sandy soils have the 
highest probability of splash erosion and cracking clays the lowest probability. In 
a study that examined wind erosion and leaf litter decomposition in a mixed 
desert grassland [17] the accumulation of soil on leaf surfaces that form aggre-
gates are likely to result from splash erosion. The kinetic energy of raindrops 
cause both sand and litter particles to be displaced [18]. 

The only vegetation assemblages where decomposition of roots was signifi-
cantly different was the tarbush site at the lowest elevation and most distant 
from the other two sites. Decomposition rates of roots in the Chihuahuan Desert 
were equal to or higher than those reported for decomposing roots in mesic 
ecosystems [9]. Rates of decomposition of roots of woody shrubs and of herba-
ceous annuals were not affected by supplemental irrigation during a year with 
slightly above average annual precipitation. The absence of an irrigation effect 
was attributed to the relatively 'average' rainfall during the time that decomposi-
tion was measured. Average annual mass losses from woody roots (40%) were 
considerably lower than the average annual mass losses from roots of herbaceous 
annuals (85% - 90%) which was related to the lignin content of the roots and to 
the susceptibility of herbaceous roots to attack by subterranean termites [9]. In a 
study that focused on the effects of termites on the decomposition of tethered 
roots, it was reported that decomposition rates of roots of annual plants was 62% 
mass loss with termites present and only 15% of mass lost on plots where ter-
mites had been chemically excluded [9]. However subterranean termites were 
found at all locations of the sites included in this study [19]. Termites may be 
responsible for the high decomposition rates of roots except for the dry lakes 
where there are no subterranean termites because of standing water on the clay 
soils. 

Simulated drought reduced the mass loss from roots of an herbaceous peren-
nial from an average mass loss of 80% to an average mass loss of 50% [10]. Expe-
rimental studies using irrigation determined that supplemental rainfall by irriga-
tion increased decomposition rates [20] [21]. In our study, the storm sizes and 
intensities did not result in run-off and run-on on the watershed where two of 
the grassland sites, all of the creosote bush sites, and one dry-lake site was lo-
cated [22]. At these and other locations, soil characteristics determine water in-
filtration rates and splash erosion which drive decomposition rates in the ab-
sence of run-off. 
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6. Conclusion 

Creosote bush leaf litter decomposition was highest in two of the dry lakes that 
flooded from monsoon rains. Decomposition at the other sites was a function of 
the sand content of surface soils. Sand content enhances infiltration and splash 
erosion. Tethered roots were pulled up by animals (pack rats—Neotoma spp.) 
resulting in only three months of data. 
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