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Abstract We studied the spatial and temporal patterns &fey words Decomposition - Chihuahuan Desert - Lignin -
decomposition of roots of a desert sub-shrub, a herbace®dess loss - Nitrogen immobilization

annual, and four species of perennial grasses at several lo-

cations on nitrogen fertilized and unfertilized transects on

a Chihuahuan Desert watershed for 3.5 years. There were——

few significant differences between the decompositidifreduction

rates of roots on the NHNO; fertilized and unfertilized

transects. Decomposition of all roots followed a two-phafecomposition of plant litter on the soil surface in deserts
pattern: early rapid mass loss followed by a long period appears to be primarily an abiotic process due to leaching
low mass loss. Rates of decomposition were negativelf solubles and breakdown by high temperature and ultra-
correlated with the initial lignin content of the rootsviolet radiation (Moorhead and Reynolds 1989). Variables
(r=0.90). Mass loss rates of the roots of the herbacedhst have an effect on biological activity, such as rainfall
annual, Baileya multiradiata were significantly higher and evapotranspiration, have no direct effect on the rates
than those of the grasses and the shrub, probably as aofedecomposition of surface litter (Elkins et al. 1982;
sult of subterranean termites feeding 8n multiradiata Schaefer et al. 1985; Whitford et al. 1986). However, de-
root material. The only location where mass loss rateemposition rates of buried litter and dead roots to vary
were significantly different was the dry lake bed, wherwith soil moisture and temperature, as expected for pro-
mass loss rates were lower than those recorded on tesses of biological decay (Santos and Whitford 1981; Ur-
upper watershed. The spatial differences in mass loss rdiasiak and Whitford 1983; Parker et al. 1984; Whitford et
in the dry lake were attributable to the high clay conterai. 1988a). The changes in carbon chemistry of buried lit-
of the soils, which reduced water availability, and to thier are also consistent with biologically mediated decom-
absence of termites. Non-polar substances in decompogmogition (Moorhead and Reynolds 1993). In mesic sys-
roots decreased rapidly during the first year, then dems, decomposition of plant litter results in a series of
creased at a low but fairly constant rate. Water-solubeedictable chemical changes in the decomposing material
compounds decreased rapidly (50-60% of initial concefMcClaugherty et al. 1982; Berg et al. 1984). In arid sys-
tration) during the first 3—-6 months. Lignin concentrationems, dead roots are the most reliable source of recalci-
of roots of perennial grasses were higher than those of hieant compounds that contribute to the soil organic matter
baceous annual plants and woody shrubs. Lignin concgmol (Parker et al. 1984). Although decomposition rates
trations increased in all species during decomposition. TAed soil microarthropods associated with decomposing
chemical changes in decomposing roots followed the pabots have been measured (Whitford et al. 1988a,b),
terns described for decomposing litter in mesic enviroshemical changes in decomposing roots have not been ex-

ments. amined in desert environments.
Spatial and temporal patterns of decomposition are cen-
H.-T. Mun® - W.G. Whitford® ([_]) tral to the dynamics of desert ecosystems because they are
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bution soil organic matter in the Chihuahuan Desert h&gcm fiberglass mesh bag (mesh size=1 mm). We made 960 bundles
been shown to vary inversely with the abundance of suff-G. sarothraeroots and 960 bags dE. pulchellumroots. There

. . re 160 bags or root bundles of the other species. Each bundle or
terranean termites (Nash and Whitford 1995). Rates of Sﬂf'g was attached to a unique number tag connected to a 30 cm wire.

face litter deCQmposmon on a Chihuahuan Desert Wahe study was designed for the retrieval of 8 units of each species
tershed were highest on parts of the watershed where tem each watershed location and each transect on ten sample dates.
mites were most abundant (Cepeda-Pizarro and Whitfdrgots were buried in short trenches (3 m long) separated by approxi-

i ; ately 3 m between trenches. Each bag or root bundle was separated
1990). Decomposition rates of litter located on the S(ﬂr"om others in a trench by a minimum of 50 cm. The trenches were

surface were not cprrelated with _initial lignin or nitrogemycated at the approximate mid-point of the vegetation zones on each
content (Cepeda-Pizarro and Whitford 1990). Because mfthe transects. For example, 80 bundlesBfileya multiradiata
variation in water run-off and run-on patterns on desegots were buried in the mid-section of the fertilized transect of the

watersheds, and because of the spatial variation in slope and 80 bundles were buried in the mid-section of the un-
¥ llized transect of the basin slope.

. . o . §
patchiness in the distribution of soil fauna (Santos et ar The roots ofP. obtusumwere placed in the dry lake basin, the
1978; Wallwork et al. 1985; Freckman and Mankau 198@sots of Bouteloua eriopodavere placed in the black grama grass
Cepeda-Pizarro and Whitford 1989), we hypothesized ttrane at the top of the watershed, and the rootBaifeya multiradia-

rates of decomposition of roots should vary with their |d2 were placed in the basin slope. Roots@f sarothraeand . pul-
L ; ellum were placed in all vegetation zones because these species
cation in the WaterShed,' We also hypothe§|zed that the p%iur in all the zones on the watershed. The other species are re-
terns Qf carl_:)on Qhem!s'[ry of decomposing roots WOUricted to one zone, and althoughileya multiradiataoccurs in four
vary with their position in the watershed and with nitrogerones, its highest abundance is in the basin slope zone. At all sites,
availability in the transects. roots and root bags were buried at 5-10 cm soil depth. Eight samples
; ; ~ each species were retrieved after 1, 3, 6, 12, 18, 24, 30, and 36
We designed a study to examine the long te.rm S.patr%ﬁ%nths in the field. The sequence of removal was determined by
and temporal patterns of mass loss, changes in nitroggfling numbers from the remaining bags at random. Although this
contant and chemical composition during decompositiatudy was designed for a 48 months duration, parts of the study had
of roots on a desert watershed. Because nitrogen availalgilbe terminated early. At 42 months the trenches were completely

ity has been hypothesized to affect the decomposition ra?@g carefully excavated and the remaining material recovered. We
re unable to retrieve complete samples of roots excepbfaaro-

of buried I,'tj[er in deserts (Parker et al. 1984), we StUd'QHfae The small number of root samples that were collected in month
decomposition of roots along a transect on a desert w-were pooled by site and treatment in order to obtain sufficient ma-
tershed that had been fertilized with ammonium nitraterial for the chemical analyses. After retrieval, roots were removed
and compared these results with the decomposition fggm the bags, gently washed in distilled water to remove adhering

- soll particles and dried to a constant mass &tGO0After the final dry
roots along a transect that had not been fertilized. mass measurement, the roots were ground in a laboratory mill

equipped with a 1 mm screen. An exponential decay model was used
to estimate the mass loss rate:

X/Xg=In"

where X=mass remaining at time (months),X,=original weight, In

This study was conducted from October 1986 through April 1990 d@ the natural logarithm and is the decomposition constant (Olson
a watershed in the Chihuahuan Desert Rangeland Research Cehf43). ) )
approximately 40 km northeast of Las Cruces, N.M. The watershed is For the analysis of total nitrogen, sub-samples of ground roots
an east-facing alluvial piedmont, ranging in elevation from 1400 m were treated by Kjeldahl digestion in a block digestor. Ammonium ni-
the base of the mountain to 1300 m in the small dry lake basin at f#iggen was analyzed by an automated salicylate procedure in a Scien-
terminus of the watershed. The watershed vegetation is arrangedifif Instruments autoanalyzer (Fisher et al. 1987). Three organic mat-
five distinct vegetation zones from the top of the watershed to the d#f fractions (water and non-polar solubles, acid solubles, and acid in-
lake: black grama Bouteloua eriopoda grassland, mixed bunch solubles) were analyzed in the remaining root material. Non-polar and
grass-shrub mosaic, creosotebuishrfea tridentatd shrubland, lower Wwater soluble substances were extracted using dichloromethane fol-
basin slope mosaic grassland with scattered shrubs, and dry lake ted by hot (100C) water (McClaugherty et al. 1984). Acid solu-
tom with a cover of grassP@nicum obtusujin(Wondzell et al. 1987). ble fiber, which was largely holocellulose, was separated from acid-
The long-term average precipitation is 225 mm yéavith 60% fall-  insoluble fiber (largely lignin and suberin) using a two-stage digestion
ing between and September during convectional storms. Temperat0rgulfuric acid (Effland 1977). o _
maxima regularly exceed 4C in summer and winter minima are fre- ~ Comparisons of the root mass remaining in different locations on
quently below GC. Two transects (3 km long 30 m wide) extend- the unfertilized and fertilized transects were analyzed using a paired
ing from the dry lake to the base of the mountain were establishedtitest. All other comparisons were made by ANOVA.
1981. The transects were separated by a 50 m buffer zone. One of the
transects was fertilized with ammonium nitrate D5 by aerial ap-
plication of approximately 30 g-Th of fertilizer each year in early
summer from 1983 to 1990. Results

Roots were collected from areas on the watershed adjacent to the
study transects. The roots were gently washed to remove adher iti
soil particles, then dried to a constant mass dt&GO0Roots were col- Bécomposition
lected from species that comprise more than 10% of the vegetative . . . .
cover. Between one and three root segments of the woody sub-shfUB€ decomposition rates of the roots varied inversely with
Gutierrezia sarothragand the most common summer herbaceous amitial lignin concentration and directly with initial nitro-
nual, Baileya multiradiata were tethered with fine wire attached togen content (Tables 1,2). There was a high negative corre-

an aluminium tag labeled with an identity code and initial mass. Apx .. _ o F A
proximately 1 g of roots of each species: black grama grBssite- ation (=-0.90, P<0.05) between initial lignin content

loua eriopoda fluff grass Erioneuron pulchellumand the grass from and rates of mass loss. Rate_s Of_ mass |055_0f the roots of
the dry lake basinRanicum obtusuln were placed in each 12 cm  the herbaceous annud@, multiradiatg were highest dur-

Materials and methods
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Table 1 Initial concentrations of

nitrogen (mg - g')+standard de- Species Nitrogen Non-polar Water solubles  Acid solubles Lignin
I ; ! o

yiation and organic fractions (%) g ajjeya multiradiata 7.242.9 52+1.1 12.0+4.2 66.1+3.9  16.7+5.9

Ble roots Gultierrezia sarothrae 7.3x1.0 5.3+25 13.3+2.8 57.8£4.2 23.6%£4.2
Erioneuron pulchellum 6.5+0.3 48+1.8 9.7x3.7 58.5£2.7 27.0x£2.7
Bouteloua eriopoda 5.9+0.7 4.9+0.7 9.3+£0.7 54.3+1.4 295+14
Panicum obtusum 6.9+0.7 4.7+£0.7 11.0+2.7 55.9+£9.9 28.7+£0.1

Table 2 Decomposition rates] calculated for roots of plant species 100 . ‘ .

—&— Gutierrezia sarothrae (watershed)
—&— Erioneuron pulchellum (watershed)
—l— Bouteloua eriopoda (upper piedmont)
—@— Baileya multiradiata (basin slope)

after 36 months. Data are for the combined decomposition rates of
roots in the fertilized and unfertilized transects

Species Kk ;\? 80 Panicum obtusum (dry lake)
> 2
Baileya multiradiata 060 & 4| |
Gutierrezia sarothrae 0.30 -%
Erioneuron pulchellum 0.28 £
Bouteloua eriopoda 0.24 Q 20
Panicum obtusum 0.13 % i 1
171
®
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ing the first month (mass loss of 25%), while roots of the

other species lost approximately 10% of their initial mass 0 ‘ ' ‘ ‘

during this period (Fig. 1). After 36 months, only 20% of 0 10 20 %0 40 %0

the original mass of the roots &. multiradiataremained. _ Months

Mass loss rates for the grasses, except Rorobtusum F.Ig. 1 Comparlson of average mass losses from roots of several spe-

were not significantly different from the mass loss rates §F° of Chihuahuan Desert plants

roots of the woody shrul;. sarothrae over the course of

the study P>0.05). There was no measurable mass loss

from the roots ofP. obtusumin the dry lake bed from fertilized and unfertilized transects<0.91, P<0.05) in the

month 18-36, which resulted in the lok calculated for dry lake bed. There were also no differences in mass

this species (Fig. 1, Table 2). losses from roots oB. multiradiatain the fertilized and
Subterranean termites began to remove a substantiafreated transects at the basin slope locationsalues

fraction of theG. sarothraeand B. multiradiataroots dur- <1.0,P>0.05).

ing the first 2 years. Termite activity was apparent on the

tethered roots in all of the vegetation zones except for the

dry lake basin. During the first year, between 6.3% ar@hemical constituents

31% of B. multiradiataroots and between 0.6% and 3.8%

of G. sarothraeroots exhibited substantial mass removdlhere were no significant differences among species, wa-

by termites (estimated to be between 11% and 16% of ttegshed locations or between fertilized and untreated trans-

original mass). This is a conservative estimate based etts in the changes in concentrations of the chemical con-

those roots exhibiting physical evidence of termite feedtituents of the roots. Therefore the data from all locations

ing. In the second year, 25% & multiradiataroots were and both transects were averaged for presentation. Be-

totally consumed (probably by termites). tween 40% and 60% of the water solubles were lost dur-
There were no significant differences in rates of magsg the first 30-90 days (Fig. 4). After that the loss of

loss of roots on the untreated and fertilized transects untiaiter solubles was lower but dropped to less than 20% of

the end of the second year (Figs. 2,3). The differencestire original concentration by month 42 (Fig. 4). The con-

mass losses from roots on the fertilized and untreateentration of non-polar substances fell dramatically during

transects were not related to their location on the wthe first year, after which the concentrations remained es-

tershed nor time. For example, after 24 months the masntially unchanged (Fig. 5). There were low rates of loss

losses ofG. sarothraeroots were higher in the fertilizedof acid soluble compounds during the entire experimental

transect except in the basin slope locations. After 3riod (Fig. 6). After 24 months the remaining root mass

months, the mass loss of the roots @f sarothraewas contained approximately 80% of the original concentration

significantly higher in the untreated transect in the basaf acid soluble compounds (Fig. 6). The lignin concentra-

slope locations and in the fertilized transect of only twtion increased to approximately 140% of the original con-

zones: the dry lake and black grama grassland of the vesntration in all species except f8r multiradiata In this

tershed {( values>2.6,P<0.05). There were no differencesspecies the lignin concentration increased to approximately

in the rates of mass loss of the roots®fobtusumin the 200% of its original level (Fig.7). The changes in the
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Fig. 2 Comparison of average

mass losses from roots of the 6 MONTHS 12 MONTHS
sub-shrubGutierrezia sarothrae, 70 | ] FL:Jnfel(tilizded 1
at various locations on nitrogen b Fertiize
fertilized and unfertilized
transects on a watershed in the
northern Chihuahuan Desert. —
Playa is the dry-lake location 2
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Fig. 3 Comparison of average 80 & MONTHS 5 MONTHS
NTH
mass losses from roots of the 0l B Unfertiized |

perennial grassgrioneuron pul-
chellum,at various locations on 60 |
nitrogen fertilized and unfertil-

£Y Fertilized

ized transects on a watershed in
the northern Chihuahuan Desert.
Playa is the dry-lake location

36 MONTHS

Mass loss (%)

N N N N .
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Site

nitrogen concentration of the decomposing roots exhibit&idveden (Larsson and Steen 1988) and in the mesic prairie
a pattern of nitrogen immobilization, with an increase im Kansas (Seastedt et al. 1992). However, the initial rates
nitrogen concentration between 12 and 18 months aafimass loss from the roots of the annual herbaceous spe-
some decline in nitrogen concentration after 36 montbges B. multiradiata were higher than the rates reported
(Fig. 8). for the roots of perennial grasses by these authors, and the
overall rates of mass loss of roots Bf multiradiatawere
equal to those of perennial prairie grasses (Seestedt et al.
Discussion 1992). These differences in initial mass loss rates appear
to be a function of the initial lignin content of the roots.
The initial rates of mass loss of grass roots in our studye initial lignin contents of the roots of the desert grasses
were lower than those reported for perennial grass rootsiinthis study (average=28.4%) was 6% higher than the
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roots used in the studies of Larsson and Steen (1988) axudnposition but that exposure to drought reduced the rates
15% higher than the roots used in the study of Seastedbétdecomposition to half that of the controls. The “rain-
al. (1992). The initial lignin content oB. multiradiata out” shelters eliminated all water inputs and as a conse-
was 5.3% lower than the grass roots in the Swedish stuglyence, the soils became completely dry. In this study, soil
but 3% higher than the roots from the Kansas prairie ewater differences resulted from run-off, run-on patterns.
periment. These patterns produce variation in soil water content
The root decomposition studies in Sweden and Kansasre similar to the irrigation treatment than to the
were conducted in areas that receive more than 800 mm‘@fought” treatment (Whitford et al. 1995). Thus, the rates
rainfall year' compared with the 250 mm average annuaf decomposition of desert plant roots appear not to be af-
rainfall in the Chihuahuan Desert. Since microbial activitiected by variation in soil water content. In our study, the
is greatly reduced in dry soils (Whitford 1989), we wouldhigh negative correlation between the initial lignin content
expect rates of mass loss to be considerably lower foff roots and their rates of mass loss support the argument
roots in desert soils than for roots in mesic grassland soitg. Mellilo et al. (1982) and McClaugherty et al. (1984)
In a study comparing the decomposition rates of roots oftlzat initial lignin content is the best predictor of rates of
perennial herb in irrigated plots and in plots exposed toass loss from both litter and roots.
induced drought by “rain-out” shelters, Whitford et al. Root decomposition studies in the Chihuahuan Desert
(1995) found that irrigation had no effect on rates of dewe complicated by the activities of subterranean termites.
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150 | T — : soils of the dry lake when compared to roots in soils of
the upper watershed. The high clay content of the ephem-
eral lake soils reduce water availability to soil organisms.
Unless the ephemeral lake basin is flooded, very little of
the rainfall infiltrates into the lake soils. We suggest that
the lower rates of mass loss recorded for plant roots in the
ephemeral lake are the result of moisture limitation. The
soils of this emphemeral lake have the highest organic car-
| bon and total nitrogen of any of the soils on the watershed
(Wondzell et al. 1987). The low rates of mass loss may

Total nitrogen concentration (% dry wt)
=

90 JF 'g'g:gﬁguesi S‘:.’Séiﬁi%‘?ié?é??ﬁié) 1 also be due in part to the absence of subterranean termites
80 - —M- Bouteloua e‘;iopgda {upper piedmont) | in the dl’y lake basin (NaSh and Whitford 1995)
| ﬁ;g::iecvsmm()u;t:;zﬁﬁ'?d(:jj:;'°P3> It has been suggested that the roots of ephemeral (an-
70 | - : : , nual) plants affect the availability of soil nitrogen by pro-
0 10 20 30 40 50 viding a pulse of energy for soil microflora (Fisher et al.
Month 1987; Whitford and Herrick 1995). In order to utilize the

(ﬁarbon of the dead annual plant roots, the microflora im-
mobilize nitrogen in their increasing biomass (Parker et al.
1984; Whitford et al. 1987). Our study shows that the im-
mobilization pattern is related to the chemical composition
We have observed that termites eat only the outer layersobfthe root material. The low lignin content d&. multi-
woody materials which have been softened by fungi (uradiata roots enabled rapid growth of microflora and rapid
published data). This may account for the differences beimobilization of nitrogen. The roots of the grasses and
tween the small quantities large woody root mass eaten Wwgody shrub were obviously colonized at a slower rate,
termites and the mass d8. multiradiata roots eaten by and nitrogen immobilization was not apparent until 24
termites. In addition, termites may be less efficient awonths after the experiment began. In a 1-year study of
locating potential food sources underground than foadot decomposition, there was significant nitrogen immobi-
sources on the surface. Regardless of the quantity of rdmation in the roots of two annual plant species but no evi-
material consumed by termites, the changes in the cheagnce of immobilization in the roots of shrubs (Whitford
cal composition of roots, and activities of the soil microet al. 1988a). The slow rate of nitrogen immobilization in
flora and microfauna, should proceed at rates determirgréss roots and in roots of a woody shrub suggests that
by the initial chemical composition of the substrate and hifiis process would have little effect on nitrogen budgets in
soil moisture and temperature. The chemical compositisyistems dominated by these species. However, the rapid
of the remaining root material is a reflection of losses pluate of immobilization in the roots d8. multiradiatasup-
additions resulting from the growth of hyphae and/or baperts the contention (Parker et al. 1984) that this process
terial cells within the root tissue. Therefore the decompositay dramatically affect nitrogen availability to plants that
tion and mineralization measures made during this studgow in areas with high densities of annual plants.
should accurately portray these processes and provide arThe rapid decrease in non-polar compounds is probably
estimate of the contribution of various species of dedhe result of colonization of roots by bacteria and rapid
roots to the nutrient and organic pools in desert soils. metabolism of these compounds. Bacteria rapidly colonize
The initial lignin content of the root material was théouried litter (Santos et al. 1981) and their populations de-
only variable to have an effect on the rates of mass lostine as the concentrations of readily metabolizable com-
There were no consistent differences in mass loss attribpounds reduce. The changes in water solubles, acid solu-
able to either topographic position on the watershed bles and lignins followed a pattern similar to that reported
available soil nitrogen. Studies of root decomposition doy McClaugherty et al. (1984). Lignin concentration in-
irrigated plots have shown that there were no differencereased throughout the study period, as was expected for
in rates of mass loss from roots in soils irrigated with dithis recalcitrant fraction of the root material. The patterns
ferent patterns of supplemental water and in soils recei change in chemistry are consistent with the findings
ing only natural rainfall (Whitford et al. 1988a). The rethat after the initial stages of decomposition, only structur-
sults of Whitford et al. (1988a) also demonstrated that tlaé materials remain. Thus the chemical composition of the
rates of decomposition were not related to initial nitrogeemaining material is determined by the composition of
content or to the initial carbon-nitrogen ratio. The absenbeth these structural components and those of the micro-
of differences attributable to these variables confirms tfflera that have invaded the decaying roots.
contention that materials below the surface of the soil are In conclusion, the chemical changes in decomposing
rapidly processed by soil microflora and microfauna andots in desert soils are similar to those of roots in mesic
that there are some groups of soil organisms that are &wrests. Decomposition rates of roots in desert soils are re-
tive even in very dry soils (Whitford 1989). duced in dry soils and are inversely related to initial lignin
The only consistently significant differences in massontent. The results from this study support the argument
losses related to topography were observed in roots in that the roots of annual plants may serve to decouple pri-

Fig. 8 Changes in the nitrogen concentration (% dry wt.) in roots
several species of Chihuahuan Desert plants during decomposition
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mary productivity from rainfall through the mechanism ofoorhead DL, Reynolds JF (1993) Changing carbon chemistry of
nitrogen immobilization. The slower decomposition and buried creosotebush litter during decomposition in the northern

. N . Chihuahuan Desert. Am Midl Nat 130:83-89
mineralization of roots of perennial grasses and woo sh MH, Whitford WG (1995) Subterranean termites: regulators of

plants, combined with the low concentration of these roots soil organic matter in the Chihuahuan Desert. Biol Fertil Soils
in the soil, suggest that they are far less important in the 19:15-18
cycling of essential nutrients, such as nitrogen, but may 9¢on JS (1963) Energy storage and the balance of producers and de-

; ; ; composers in ecological systems. Ecology 44:322—-331
very important contributors to the (low) concentration qf, .o |\ santos FP, Phillips J, Whitford WG (1984) Carbon and

organic carbon in desert soils. nitrogen dynamics during the decomposition of litter and roots of
a Chihuahuan Desert annulkpidium lasiocarpumEcol Monogr
54:339-360
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