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Summary-We examined the relationships between the decomposition of seven litter and root substrates. 
soil N availability, and populations of soil biota in field microcosm for 13 months. Most of the variation 
of N loss from the substrates was a function of initial substrate N concentration. Small portions of the 
variation of substrate mass loss and soil inorganic N were explained by initial substrate N concentration. 
Most of the variation of substrate mass loss. soil inorganic N. and soil biota populations was explained 
by differences between the decomposition of roots vs litter and of annual roots vs perennial roots. N loss 
from roots was more rapid than from litter. Mass of bacteria plus yeast in root microcosms was lower, 
nematode populations were higher. and the potential N mineralization rate at 9 months was higher than 
in litter microcosms. These results suggest that organic matter turnover in root microcosms was more rapid 
than in litter microcosms. Mass loss from annual roots was higher but N loss was lower than from 
perennial roots. Bacteria plus yeast mass in annual-root microcosms was lower, nematode populations 
were higher. and soil inorganic N was less than in perennial-root microcosms. The addition of annual roots 
reduced inorganic N concentrations below that of the unamcnded controls and the other substrate 
treatments in month 6 and 9 samples indicating that annual-root decomposition led to N immobiliwtion 
or dcnitrilication. The addition of litter or perennial-roots increased soil inorganic N concentrations above 
the unanwdcd control in the month 0 samples. The dcuomposition of N-poor annual plant roots may 
significantly rcducc N availability in desert ccosystcms. 

Primary production in the northern Chihuahuan 
Desert is controlled by interactions between the 
availability of water and N (Fisher rr ul., 1987. 1988; 
Gutierrez and Whitford, 1987; Guticrrcz Ed ol.. 1988). 
Water and N are temporally and spatially variable 
resources and high availabilities of both do not 
always coincide (Charley. 1972; Fisher cr ul., 1987; 
Moorhead ct cd.. 1988). High moisture and N 
availabilities arc most likely to coincide when precip- 
itation resumes after a drought because of increased 
N turnover of native soil organic matter and micro- 
bial biomass (Charley. 1972; Fisher et (II., 1987). 
lncrcrsed growth of annual plants then results, 
followed by nearly simultaneous death and decom- 
position. The decomposition of such a pulse of 
organic matter may significantly atTect subsequent N 
availability (Pdrker et ul., 1984; Whitford Ed al.. 
1988). Predicting the effects of variations in precipita- 
tion on desert ecosystem productivity requires a 
detailed understanding of the immobilization and 
mineralization of N during the decomposition of a 
variety of substrates. 

N release from decomposing litter and roots has 
often been studied using litter bags (Schlesinger, 
1985). However. much nutrient loss from litter bags 
probably occurs as soluble or particulate organic 
matter. Most of this organic matter will eventually 
be catabolizcd to inorganic forms available to plants 
but some will remain in organic form, becoming 
incorporated into the soil humus (Swift cf al., 1979). 

Thercforc, only an indirect linkage exists between the 
disappearance of a litter or root substrate and the 
availability of soil N. 

This problem may be especially severe for litter in 
the Chihuahuan Desert. Rates of mass loss from litter 
bags on the soil surface are insensitive to water and 
N availability (Whitford et al.. 1986; Mackay ef al.. 
1987). There is little or no immobilization of N by 
surface litter during the decomposition process, even 
with litter C-to-N ratios as high as 60: I (Schaefer et 
ul.. 1985; Montana ef ul., 1988). Despite this, rates 
of litter disappearance are far more rapid than prc- 
dieted by models based on AET and lignin content 
and rival those of tropical and mesic deciduous 
forests (Whitford et 01.. 1981. 1986; Elkins et al.. 
1982). The lack of N immobilization in substrates 
with high C-to-N ratios. and the lack of response to 
water and N amendments suggest that the microflora 
populations are small or inactive and that there is 
little catabolism of litter on the soil surface. Thus, 
litter is probably lost from the soil surface mainly by 
fragmentation with the litter being catabolized below 
ground [see Moorhead and Reynolds (1989) for a 
more detailed review]. 

Our goal was to develop a technique which could 
be used to study the relationship between decomposi- 
tion and soil N availability. This was attempted 
by using field microcosms to expose selected sub- 
strates to as many factors affecting decomposition 
and mineralization as possible while minimizing N 
addition and loss to and from the soil system. Root 
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and litter substrates were selected to represent two 
important plant groups. the perennial shrubs and 
the annual forbs. Based on field observations and 
experience. we hypothesized that decomposition 
and mineralization of a substrate are often dependent 
upon readily-observable characteristics of the sub- 
strate such as the plant organ (root vs shoot), 
life cycle (annual vs perennial), or the surface-to- 
volume ratio of the substrate (fine roots vs coarse 
roots). Hypotheses were posed as a set of compari- 
sons between paired groups of substrates in which 
one group was predicted to have a larger and more 
rapid effect on N availability than the other (“>” 
indicates “larger and more rapid effect on N 
availability”). 

(I) Roots > surface litter. because surface litter 
fragments must first be transported below ground. 

(2) Fine roots > coarse roots, because fine roots 
have less structural material and a higher surface-to- 
volume ratio. 

(3) Annual plant roots > perennial shrub roots, 
bccausc annual plant roots consist of less structural 
material. 

Additionally. WC predicted that substrates with 
high N content will result in incrcascd N availability 
compared to those of low N content. 

We tcstcd thcsc predictions by following changes 
in availahlc soil N associated with the decomposition 
of scvcn types of litter and root substrntcs. Popu- 
lations of scvcral groups of microorganisms and 
soil faun:\ wcrc cstimatcd to aid intcrprctation of 
results. 

The study was made at the Jornada Long-Term 
Ecological Research (LTER) site located 40 km 
NNE of Las Cruces. N.M. on a northcast facing 
Piedmont in a shrubland dominated by creosotebush 
(Lurrnl tridmtufrr [DC.] Cov.). The creosotebush 
zone is located at mid-slope (3% gradient) on loamy 
sand soils with a calcium carbonate deposition 
layer (calichc) at ca 40 cm. The soil is classified as a 
Typic Haplargid of the Dona Ana series (Wicrenga ef 
ul.. 1987). Total N at O-IO cm averages 400-500 mg 
kg-’ under shrubs and 200-400 mg kg-’ between 
shrubs. Annual precipitation averages 213 mm, 
55% falling during July-September as convectional 
thundershowers. Temperatures regularly > 40-C in 
summer and regularly fall below 0 C during winter 
nights. 

Microcosms were constructed from 0.5 I. glass 
canning jars with threaded openings. A conical top 
of nylon mesh (1.5 mm) was secured to the jars which 
allowed gas transfer while excluding most litter inputs 
from the crcosolebush canopy. 

Each microcosm contained co 450 g sieved soil 
(2 mm mesh) removed from the location where the jar 
was to be exposed. All microcosms except controls 
received I g of one of the following substrates: fine 
roots (< 2 mm dia) from a common summer annual 
(f?oil~.~~~ nrulriraff~a~a). fine roots from a common 
perennial (Zimio grarldipora), coarse roots (> 2 mm 

dia) from an annual (8. mulriradiafa), coarse roots 
from either of two common perennials (I!.. tridenma. 
Z. grand~@wo). or litter from an annual (B. multi- 
radium) or a perennial (L. triden!ara). The I g amount 
of the substrates approximated the amounts found in 
canopy soil. Litter was placed on the soil surface of 
the microcosms and roots were buried ca 5 cm below 
the surface. Litter and roots were placed in different 
position because our objective was to simulate as 
many of the factors affecting decomposition and 
mineralization as possible. 

Eight microcosms, each containing one of the 7 
substrates plus soil or containing soil only, were 
buried under each of 70 shrubs chosen for their 
similar appearance. Microcosms were randomly 
assigned to locations under the N side of each shrub, 
a location of high litter accumulation, moisture 
availability. and N availability. The microcosms were 
buried with the top of the jar within I cm of the soil 
surface at 0.5 canopy radius. 

Subsamples for determination of initial values were 
collected during the filling of the jars on 5 January 
1984. All jars from five randomly-selected shrubs 
wore destructively sampled after 3. 6. 9 and 13 
months (respectively, 4 April 1984, I7 July 1984, IO 
October 1984 and 5 February 1985). After prccipita- 
tion events, excess water was carefully poured from 
all microcosms into plastic bottles and rcturncd to the 
laboratory for inorganic N analysis. Water samples 
wcrc prcscrvcd with I .O mg I -’ phcnylmcrcuric acct- 
ate (PMA) and stored at 2--7 ‘C until analysis of 
NO; + NO: -N and NtIJ-N, usually in <2 weeks. 
Wutcr accumulated after larger precipitation cvcnts 
but dots not seem to have had a major cfl’cct on the 
use of the data for comparisons bctwccn substrates 
until after month 9. 

Litter and roots were separated with forceps and 
then subsamples of soil wcrc used for determination 
of soil moisture, KCI extractable NO; + NOT-N, 
NH:-N, total N and populations of bacteria, ncma- 
todes and microarthropods. Month I3 samples had 
well-dcvclopcd algal crusts which were carefully 
removed and analyzed for total N. 

Soil moisture content of the microcosms was dctcr- 
mined by oven-drying. Soil moisture content outside 
the microcosms was estimated from soil psychromc- 
ter measurements made at a site < 1 km away (Fisher 
er al., 1987). Moisture tension measurements (MPa) 
were converted to moisture content (g g-‘) using the 
relationship given by Schlesinger ef al. (1987). 

NH_,+-N and NO; + NO;-N were dctermincd 
in 2.0 M KCI extracts with a IO:1 ratio of soil to 
KCI (Kecncy and Nelson, 1982) and in water 
samples collected from the microcosms. NH;-N 
was measured in the extracts by an automated sali- 
cylatc procedure (Wall and Gchrkc. 1975; Nelson, 
1983) and NO; + NO--N was mcasurcd by an auto- 
mated cadmium reduction procedure (Hcnrikscn 
and Sclmer-Olsen. 1970). Total N (Nelson and 
Sommers, 1980) was determined after air drying and 
grinding samples with a motorized mortar and pestle 
(CO. I5 mm). Micro Kjcldahl digestions were pcr- 
formed using an aluminum block digcstor (Nelson 
and Sommers, 1980). NH,+-N in the digest was 
measured using an automated salicylate procedure 
(Wall and Gehrke. 1975). 
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Potential N mineralization was estimated after 
9 months using the leaching incubation technique 
(Stanford and Smith, 1972; Fisher et al.. 1987). The 
month 9 samples were selected to estimate the final 
response of potential N mineralization because later 
samples were frequently water-logged. Soils were held 
for 37 weeks at 35’C at 0.03 MPa and were periodi- 
cally leached with CaCI: and a minus-N nutrient 
solution. 

Freund and Littell, 1981) that tested the hypotheses 
relating decomposition to plant organs (roots or 
litter) or life cycle (annual or perennial: Table I). 
Residuals were plotted against predicted values and 
tested for normality. Transformations were used as 
necessary to produce homogeneous variances and 
normal distributions. 

Bacterial numbers were estimated by direct counts 
using FITC staining (Parker et nl., 1984). Fungal 
hyphae length was not determined on the FITC slides 
because the hyphae deteriorated before the measure- 
ments were completed. Nematodes were extracted 
using modified sugar flotation and were identified 
and placed in one of four trophic groups: fungivores. 
bacterivores, omnivore-predators or phytophages 
(Freckman et al.. 1975). Nematode numbers were not 
corrected for extraction afficiency or soil moisture. 
Microarthropod populations were extracted from 
the initial soils and from month 3 collections using 
modified Tullgren funnels (Snntos et 01.. 1978). 
Microarthropod population estimates were very low. 
probably because of soil disturbance in microcosm 
construction, and thcsc measurements were discon- 
tinucd after month 3. 

The proportion of substrate N covered as soil 
inorganic N was calculated from the mean values of 
soil inorganic N by dividing by substrate N loss 
if N loss was >O. Negative values of recovery of 
substrate N could result if the soil inorganic N value 
for a particular treatment was less than the soil 
inorganic N value for the control. Negative values 
indicate the occurrence of N immobilization in the 
soil. gaseous N losses, or organic N losses in water 
compared to the control microcosms. Negative values 
of substrate N loss indicated net immobilization of N 
in the substrate so that no N was recoverable. 
No statistical analysis could be performed on N 
recovery data because means were used for the 
calculations. The calculations were attempted for the 
individual data points but small values of N loss in 
the denominator produced very erratic distributions 
which did not appear to give meaningful results in 
statistical testing. 

Throughfall was collected bcncath the canopy of 
6 shrubs using a 10.3 cm dia funnel for 5 rain 
cvcnts during August-October, 1985. The through- 
fall was collcctcd within 24 h, prcscrvcd with 
PMA, and rcfrigcratcd. Samples were analyzed for 
NO, + NO;-N, NH,+-N and total N. 

Mass loss was calculated as the ditTcrcncc bctwccn 
initial mass and the mass of idcntiliablc substrate 
rccovcrcd at each sampling. N loss was calculated 
as the ditl’crencc in initial mass of N and the mass 
of N of the idcntitiablc substrate recovered at sam- 
pling. Soil inorganic N and total N values for added 
substratus were adjusted for the contribution of 
native soil organic matter by subtracting the controls 
(no added substrate). N loss and soil inorganic N 
wcrc transformed to the natural log for statistical 
analysis. 

The importance of initial substrate N concentra- 
tion vs other factors atfccting decomposability was 
examined using analysis of covariance (ANCOVA) to 
adjust trcatmcnt means for the contribution of initial 
substrate N concentration (Frcund and Littcll. 1981). 
Slope and intcrccpt values for the regression of initial 
substrate N concentration vs N loss, mass loss, soil 
inorganic N, soil total N and soil biota populations 
rcsultcd from this analysis. Both the initial substrate 
N concentration rcgrcssion puramctcrs and the treat- 
mcnt-eli’ect contrasts wcrc tcstcd over the adjusted 
error term resulting from ANCOVA. 

The data were analyzed using the two-way factorial 
analysis of variance (ANOVA) across all months 
and, in the event of significant interactions, a one- 
way ANOVA for each month. Different shrubs were 
destructively sampled for each collection so that 
a repeated-measures analysis was unnecessary for 
examining all months. Planned contrasts were used 
to partition the variance due to the substrate treat- 
mcnts into seven components (Steel and Torric, 1980; 

The soil biota population data were also examined 
by multivariatc analysis of variance. This analysis can 
identify responses of groups of populations that may 
not be apparent from the individual ANOVA’s. The 
data were transformed to units of standard deviations 
so that the coefficients of the characteristic vector 
indicate the relative importance and direction of 
response of each of the population measurements 
(Harris, 1975). 

The potential N mineralization data were used to 
estimate the size and decomposition rate constants 
of two pools of organic N; a small. fast pool that 
turns over in less than a month under laboratory 
incubation conditions, and a larger, slower pool 
(Jones, 1984; Fisher ef al., 1987). Pool-size and rate 
cocfficicnts were estimated by fitting the data to an 
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Error bnrs indicate f 2 SE. 

exponential equation of the form 

N,=N,fN!-N,c+’ 

where N, is cumulative N mincralizcd (mg kg-‘) 
at time I (days), N, is the pool size (mg kg-‘) of 
the small. fast pool, and N, and kz arc the pool size 
and rate coctfcient of the large, slow pool. In this 
formulation of the model, the small, fast pool is 
assumed to decompose completely during the first 
incubation period and therefore no rate coefficient is 
necessary. 

Two estimates of throughfall inputs of total N 
were calculated for comparison with observed treat- 
ment effects on soil inorganic N. One estimate was 
calculated simply as the mean of the 1985 through- 
fall samples times the total precipitation for the 
periods of field exposure (months O-3, 3-6. 6-9, 
9-13). The second method used a regression between 
precipitation volume and throughfall total N concen- 

tration to estimate the contribution of each precipita- 
tion event. 

RESULTS 

Precipitation during the I3 month field exposure 
was negligible during January-April. 1984 (months 
O-4). but was quite high after that (Fig. I). Mean soil 
moisture contents of the microcosms when sampled 
at months 3. 6.9 and 13. respectively, were 0.02.0.02, 
0.07 and 0.16 g g-‘. The month 13 moisture content 
exceeded the soil field capacity (-0.01 MPa = 0.12 g 
g-r: Schlesinger ef al.. 1987). Soil moisture contents 
outside of the plots at months 3. 6. 9 and 13. 
respectively. were 0.02. 0.01. 0.0-I and O.lZg g-l. 

During months O-3. the driest period during the 
experiment, bacteria populations increased. nema- 
tode populations decreased. and soil inorganic N 
increased slightly (Fig. I). Bacteria populations fell 
during months 3-6, bacterivorous and fungivorous 
nematode populations increased, omnivore-predator 
nematodes continued to decline, and inorganic N 
increased rapidly. During months 69. bacteria pop- 
ulations. fungivorous nematode populations, and soil 
inorganic N changed littlc. Standing water occasion- 
ally accumulated during months 3-9. The mass of 
inorganic N lost pouring off the water was ~0.5% of 
that in the soil except for one replicate where the loss 
was 3. I%. During months 9-13, standing water 
frcqucntly accumulated in the microcosms due to the 
high prccipitntion and low evaporation caused by 
cool temperatures. Inorganic N losses from pouring 
off the water were variable but ranged as high as 22% 
of the soil inorganic N. Thick algal crusts formed in 
the microcosms at this time, a rare condition in this 
normally well-drained, sandy soil. 

Initial substrate N concentration was significantly 
corrclatcd with N loss. mass loss and soil inorganic 
N, but only the relationship bctwcen initial substrate 
N concentrations and substrate N loss was important 
(Table 2). Differcnccs between the seven substrate 
treatments other than N concentration explain a 
larger proportion of the variation of substrate mass 
loss and soil inorganic N (Table 3). 

Relatively few differences resulted from the sub- 
strate treatments in month 3 because of the dry 
conditions and the short time elapsed since the 
beginning of the experiment. Conditions for months 
9-13 were not representative of thir well-drained 
desert soil because of frequent waterlogging. There- 
fore, the results of the ANOVA’s of the seven sub- 
strate treatments will be prcscnted for only months 6 
and 9. 

Mass loss from the substrates was significantly 
difTercnt for most of the substrate contrasts. The most 

Table 2. Correlrtions between imtial rubstmtc N conccnlrakm and microcosm lillcr and soil 

mcasuremcnlr 

Sample EO~~CCIIO~ (month) 

Mcasurcmcnls All 3 6 9 13 

Ln substrate N loss 

Substrate mass loss 

Ln soil inorganic N 
Soil lolal N 

+0.70* + 0.59. +o KS’ + 0.90’ +0.90* 

f0.26. to.16 -0.05 +o 34’ +0.4X* 

+0.10* f0.06 +0.14 + 0.20 + 0.23’ 

+oo(i ND -002 +00l +o 20’ 

Vdlues arc corrcIatIon cocmclcnls (I). 

.P < 0.05. 
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Table 3. Importance of the effects of lhc 7 substrace treatments relative to the total 
amount of varialion explained by the substrate &&nents plus the initial substrate N 

concenlration 

Measurements 

Sample collection (month) 

All 3 6 9 13 

Ln substrate N loss 
Subsrratc mass loss 

Ln soil inorgamc N 

Soil total N 

O.IV 0.W 0. IS* 0.10. 0.05 

0.79. 0.92’ I .OO’ 0.81* 0.65’ 

0.65. 0.91’ 0.92. 0.82. 0.66. 

0.79 ND 0.99 1.00. 0.23 

Values arc proportion of explamed variance = SS,,,., ,_,_,, ‘(SS,.,,,., vlh,nV y E_n + 
SSWU,.,, lmlmcnir ). where SS is sum of squares. 

Significance tests of the substrate lrcalments wcrc made after removing the covariance 

due to the initial substrate N concentration. 

l P < 0.05. 

consistent differences in mass loss occurred between 
fine roots and course roots (Table 4. Fig. 2). N loss 
from the substrates differed for all contrasts but this 
is mostly due to differences in N content (Table 5, 
Figs 2 and 3). Soil inorganic N mainly different 
between annual and perennial roots: inorganic N was 
significantly lower in annual-root microcosms than in 
perennial-root microcosms (Table 6. Fig. 3). (The 
apparent difference bctwecn roots and litter in month 
9 largely resulted from the low inorganic N values 
associated with annual roots.) Although pcrcnnial 
roots and litter had similar cffccts on soil inorganic 
N, mean recovery of substrate N loss was higher for 
litter in month 9, and appears to bc essentially 
complctc (Table 6. Fig. 3). Mincralizablc soil organic 
N showed only one important difTcrcncc: soil from 
root microcosms had significantly more labile organic 
N than did soil from litter microcosms (Tublc 7). Soil 
biota populations diflcrcd mainly for roots vs litter 
and for annual roots vs pcrcnnial roots. Root micro- 
cosms had lower bactcriu plus yeast biomass and 
higher populations of bactcrivorous and fungivorous 
ncmatodcs than did litter microcosms. Annual-root 
microcosms had lower bacteria plus yeast biomass 
and higher fungivorous ncmatodc populations than 
did perennial-root microcosms (Table 8). 

Generally higher throughfdll estimates resulted 
from the regression between precipitation volume 
and throughfall total N concentration (regression 
r’ = 0.71) than from the use of a single mean total N 
concentration. Using the highest of the values csti- 
mated by the two methods for each time periods the 
estimated throughfall inputs for months O-3, 3-6.6-9 
and 9-13 were 0.02. 0.32. 1.23 and 0.69 mg kg-’ 
soil. Thcsc values were much lower than the signifi- 

cant differences in soil inorganic N (Table 6) or in 
mineralizable soil organic N (Table 7). 

DISCCSSION 

Table 9 summarizes important results of the experi- 
ment in terms of the predictions and the associated 
statistical contrasts. It illustrates that differences in 
mass loss or N loss arc often not reflected by soil N 
measurements or soil biotu populations. The only 
important treatment contrasts for soil N mcasure- 
mcnts and soil biota populations were roots vs litter 
and annual roots vs pcrcnnial roots. In addition. we 
observed that despite the similar cfl’ccts of pcrcnnial- 
roots and litter on soil inorganic N. the cstimntcd not 
rccovcry of substrate N from litter was much higher 
than for pcrcnnial roots. implying difI?rcnccs in 
organic mutter processing. 

Initial substrate N concentration had surprisingly 
littlc cfiicct on soil inorganic N. One reason for the 
abscncc of an initial suhstratc N ctfcct was that the 
high N concentration of the Lrrrrcw roots did not lcad 
to high soil inorganic N concentrations. The low net 
rccovcry of substrate N suggests that much of the N 
in the Lurreu roots was difiicult to mincralizc. 

Comparisons of roots and litter showed that roots 
had lower bacteria plus yeast populations, higher 
nematodr populations. and higher potential rates of 
N mincrdlization after 9 months. Thcsc characteris- 
tics are consistent with the occurrence of faster N 
turnover in root microcosms. Nematodes arc thought 
to increase turnover of primary decomposcr biomass 
through grazing and predation (Ingham et (II., 1985; 
Freckman. 1988). These activities could have con- 
tributed to the higher potential N mineralization 

Table 4. Treatment comrasts of mean substrate mars loss 

Mean mass loss 

Conlr;lst (mg kg. ’ solI) 

A “S B A B F’ 

.Ilonrh 6 
ROOIS VI litter 507 449 3.01 

Fine roots VI coarse rools 601 413 26.4 

Annual roots YS pcrcnmal rools 517 497 0.31 

Zinnro coarse roots VI Lurra coilrx roots 418 431 0.06 

Bui/e.w liwr vs Lwrt-o litter 4nz 417 1.37 

.Monrh 9 
Roo~r vs litter 854 717 4.09 
Fine roots VI coarse roots 999 709 15.7 

Annual roots YS perennial roots loo? 706 16.4 
Zinneo coarse roots YS Lurrro coarse roots 557 537 0.03 

Builqa litter VI Lorreo liller 574 860 6.33 

‘Degrees of freedom F sraristics: month 6 = I. 24; month 9 = I. 22. 

P 

0.095 

<0.0001 

0.5X 

0.8 I 

0.25 

0.055 

0.0007 

0.0005 

0.86 

0.020 
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Fig. 2. (A) Mass loss from the 7 cxperirnenkd substrates. 
(B) N concentration of the substraks. 

rates. The higher nematode populations associated 
with roots could result because all of fhe root sub- 
strate was located in the more favorable physical 
environment found belowground. 

Annual roots had lower bacteria plus yeast popula- 
tions and higher nematode populations than did 

perennial roots, also implying faster organic matter 
turnover. Annual roots had higher C-lo-N ratios and 
fragmented during handling much more than the 
perennial roots. indicating the presence of less struc- 
tural material. These differences suggest that carbon 
(energy) availability of annual roots was higher than 
for perennial roots. High carbon availability and 
low N avaiIability combined to significantly reduce 
inorganic N concentrations compared to the control 
by month 6 and to maintain significantly lower 
inorganic N concentrations in month 9. Perennial 
roots did not produce a significant change in soil 
inorganic N until month 9 when they increased 
inorganic N compared to the no-substrate control. 
in agreement with our prediction that annual roots 
would have a more rapid effect on N availability 
than would perennial roots. 

The lower inorganic N concentrations and 
recoveries associated with annual roots could have 
resulted either from immobilization or denitrification. 
Both are enhanced by increased carbon availability. 
It is not possible to determine from the data whether 
the increased soil biota populations in the annual- 

root microcosms served as an N sink by immobilizing 
N or whether they enhanced losses of N by dentrifi- 
cation. However. dtzomposing roots of Bcrifq~ and 
other annual plants have been shown to immobilize 
N (Parker L’[ ui., t984; Whitford tf ui.. 1988). The 
higher populations of fungivorous nematodes ob- 
served in our work suggest that fungi might be more 
important in the decomposition of annual roots 
compared to perennial roots or litter (Sohlenius and 
Wasilewska, 1984; Sohlcnius and Bostrom. 1986). 
The ability of fungi to extend hyphae out into the 
surrounding soil makes them more etTectivc at immo- 
bilizing N than are bacteria. These considerations 
and the low N concentrations of the B&JU roots 
suggest that immobilization would be most important 
in well-drained. undisturbed soil. 

The effects of perennial roots on soil inorganic N 
concentrations were similar to lit&r, despite appcar- 
ing to have produced more rapid organic matter 
turnover than did litter. Therefore. our prediction 
that roots would have a more immediate etl2ct on N 
availability was not fully supported. As discussed 
above, only part of the organic matter in perennial- 
roots appears to be readily available IO decomposors 
and this seems to have a lower N content than do the 
roots as whole. 

Mean twsr ILM 
Contr;tst (my kg ’ soul) 

-_- -- 
A vs B R B F’ P 

.Cfunrh 6 
Roots vs Iicier 6.6 1.3 72.X <0.OrlOI 
Fine roots VI cwilrx roofs 7.1 6.0 1.77 0.20 
Annual roots YS pcrcnnid roo~‘i 4.1 9.4 44.9 <oo.ooOl 
Zinnro E”ilTsc ro*,s “S t.urrru C”ilwc roo,s 5.6 IS.1 13.4 <0.0001 
B&y lillcr VI Lurrro litlcr 0.3 2.3 4.61 0.041 

.Monrh 9 
Roots VE lilrcr 9.5 4X 33.X <O.OOOl 
Fine rooe vs co~rsc roots Il.1 X.0 10.6 0.0037 
Annunl roots YS pcrcnnial roots 62 13.3 53.9 <O.KJOl 
Zinnro c*arse roots YS f_urrru coarse roots 8.3 23.3 74.7 <o.o001 
3uile.w litter vs Larwo litter 4.1 5.6 i .66 0.2 I 

‘Dcprccs of freedom F statistics: month 6 = I. 24; month 9 = 1. 21 
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Comparison of fine and coarse roots explained 
surprisingly little of the variation between treat- 
ments; only mass loss was affected. The lack of effect 
on other processes could have resulted because the 
structural composition of the fine ( c2 mm) and 
coarse (>2 mm) roots was similar. Nearly all the 
roots had diameters from l-5 mm, which are con- 
sidered fine roots in some classification systems 
(Fogel. 1983). We have observed many very fine 
fibrous roots (co.5 mm dia) in these soils but these 
were not used in the experiment because it is nearly 
impossible to identify the source plants. 

The litter data are probably the least general- 
izable to field conditions of all the substrates because 
the microcosms were shaded by the conical nylon 
mesh caps. Litter bags and unconfined litter are not 
shaded in this manner because the nylon mesh con- 
tacts the litter surface. If fragmentation of litter 
is driven by intense sunlight. its intensity would be 
reduced by shading. Additionally, the litter moisture 
content was maintained unrealistically high by the 
wet microcosm soils. The patterns of mass and N 
loss reflected a period of immobilization similar 
to roots and to litter in mesic environments. This 
pattern was quite ditTerent from the pattern observed 
in litter bags by Schaefer YI al. (1985) and Montana 
er al. (1988). This suggests that difTcrcnccs in proccss- 
ing of litter and roots arc undcrcstimatcd by this 
cxpcriment. 

Rates of mass loss observed in this cxperimcnt arc 
difficult to compare with previous studies for scvcral 
reasons. Probably most importantly. the wet con- 
ditions in the microcosms do not occur in the field. 
Other aspects of cxpcrimcntal tcchniqucs. such as the 
season of the cxpcriment or the methods for sclccting 
roots also diflir (see Whitford 6’1 ~1.. 1986, 1988). 
Qualitatively, however, the results arc similar to 
previous cxpcrimcnts. For cxamplc, rates of mass loss 
from coarse roots of Lurrru and Zinnra wcrc very 
similar to each other in this expcrimcnt and in a 
previous expcrimrnt (Whitford ef ol.. 1988). Mass 
loss from Buileyu roots was much faster than Lurrea 
and Zinneu roots in both experiments. Buik~~u roots 
lowcrcd soil inorganic N concentrations in this 
experiment and immobilized N in the previous expcr- 
iment (Whitford et (II., 1988). as did roots of another 
annual, Lepidium lmiocorpttnr, in a ditfcrent ex- 
periment (Parker CI ul.. 1984). Therefore. the field 

MONTH 
o-o ANNUAL flNE 

ROOTS (BurnA) 

.---a PERENNW FINE 

~001s (ZINNU) 

o-o ANNUM COU3SE 
ROOTS (BAILEYA) 

I--. PERENNUL COARSE 

~00Ts (ZINNEA) 

.-. PERENNIM COMSE 

ROOTS (LARREA) 

*-* PERENNW LITTER 

(LARRW 

Fig. 3. (A) Net N loss from the 7 experimental substrates. 
(B) Soil inorganic N as the diffcrrnce between substrate 
treatments and the non-substrate control. (C) Recovery of 

substrate N loss as soil inorganic N. 

TJblc 6. Trentmcnt comrats of mean soil inorganic N and estimated ncl recovery of substrate N 

Mean inorganic N Rrcovery of 

C0lllWSl (mg N kg-’ soil) subaralr N 

A vs a A B F’ P A B 

.V~~nrh 6 
Trcatmcnts VE conwol -2.6 0.00 I.38 

Ross YS litter - 3.0 - I.8 0.49 

Fine roots vs coarx roods - 1.6 -4.3 2.26 

Annual roots vs perennial rools -6.0 +0.5 12.4 

Z~nrwo cwarx roots vs Lcrrrru cause reals - 2.0 - 2.2 0.01 

Budew litter YS Lurrro litter - 1.3 -2.3 0.1 I 

.Vonth 9 
Treatments vs conlrol + I.4 0.00 0.43 

Roots VI litter 0.0 +5.7 5.94 

Fine roots vs cause ~OOIS -0.9 + 2.2 0.69 

Annual roots vs perennial rools - 2.5 + 3.5 5.59 

Zinnru coilroc rools w Larreo cwarsc roots +3.7 +5.8 0.25 

Buil~w litter YS Lurrea liltcr +6.4 +4.9 0.12 

Values arc differences bc~ween substrate lrcatmcnts and the no-substrate control. 
‘Degrees of freedom for f slatislics: month 6 = I. 27; month 9 = I. 28. 

0.25 - 57% 

0.49 -46% - 146”. 

0.14 - 23% - 72% 

0.0016 - 146% f 5% 
0.94 - 35% - I?“. 

0.74 - 432’6 - 103% 

0.52 + 23% 
0.02 I 0% + I 17% 

0.41 -8% + 22% 

0.025 - 40% c 22% 
0.62 + 4J% + 25% 

0.73 + 158% + 87% 
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Table 7. Treatment contrws of the esnmated size of a lablie pool of soil organic N for month 9 

Mean estimated N, 
Contrast (mg-N kg-’ solI) 

A vs B A 8 F I 28 P 

Trcatmcnts vs control 6.4 6.9 0.07 0.79 
Roots YS IIIIC~ 8.0 3.0 109 0 OX6 
Fine roots vs coarse roots 8.8 7.4 0.63 0 43 

Annual Roots YS pcrcnmal fools 8.2 7.9 0.00 0.97 
Zwwo coilrse roots “S Lurrea coar5e roots 7.8 7.0 0.09 0.77 
Brrikya litter vs Lurru litter 2.2 3.8 0.38 0.54 

Values arc ,V, in the equation .V, = N, + ,V2 - X2 c-‘:’ estimated from the tome-course of inorganic 

,V production in laboratory soil incubations 111 35 C. 

Table 8. Multivariate Analysis of Variance treatment commsts for soil bio1a pop&lion data for months 6 and 9 

Characteristic vector’ 

Bacteria + Yeast Nematodes 

COIIlKlSl 
Omnlvorc- 

A VS B C0un1s Mass Bac1eriv0rcs Fun&ores predators fI I, P2 

Trealmcnts YS conlrol co.04 -0.04 -0.10 -0.06 +0.17 I 37 0.25 
Roo1s vs htter + 0.03 -0.13 f0.13 + 0.09 f0.n.J 5 20 O.ooO6 
Fmc TOOIF vs coarse roots -0.02 +0.01 -0.09 +O.l? +o.oO I.27 0.29 
Annu:!l roots vq perennial rooIs +0OO -0.13 +0.0? +0.14 +0.06 4.09 0.0035 
Zinncrr chars roots YS Lurrt*d course roolz - 0.07 -007 +0.15 + 0.08 -0.0s oxi 092 
Burlr,n h~tcr vs Lurwo li11er +o.OJ -0on co I7 + 0.02 -000 I.29 O.?U 

‘The characterwtic vector wdIc;ltes the rcl.twc Imporlmcc and dwx11on of rcqwnse of the populatwn means. I.C. pow~w coettic~n~s indicate 

that popula~mn me;m A is > R and nqutwe cocfficccnIs indicate th.It 8 IF r ..I. The magmtude of the cwllicicnls indwtcs the rcl~~ve 

importance of the dilTcrcnce lwwecn popul;~twn mans A and 6 (ll.trrk. 1975). 

‘F and P mdicate the ovcr;~ll r~pndicnncc of the ch.Iractcrwc vector (SAS Instllulc Inc.. IYK.0. 

T.lhlc 9 Summ.uy of clkc~s of initial whstr.ttc N conccnIr;lkm and the suh\tra[c 1rc;rtmcnl~ as indlcatcd hy pl;umed cwtr:~~ts (months 

6 and 9) 

‘M~ncr;duahlr orgamc N only dctcrmmcd l’or month 9. 

microcosm technique appears to be useful for com- 
parative examination of organic-matter processing of 
various substratrs. Modification of the technique to 
allow removal of excess waler and nutrients will 
eliminate many of the problems encountered in the 
present experiment. Isolation of various organic-mat- 
tcr fractions that link the initial decomposition stages 
to the final mineralization stages should improve the 
ability of the technique to resolve differences between 
substrates. 

These results support previous studies showing 
that immobilization of N associated with the dccom- 
position of the roots of annual plants may bc a 
significant ccosystcm process in the northern Chi- 
huahuan Dcscrt (Parker CI al.. 1984; Whitford ef u/.. 
1988). The results illustrate how this may occur 
during the decomposition of one species. Bc~ile,w 

tmr/~ircu/i~~ra. The high carbon availability, low N 
availability and the tcndcncy towards funpal dccom- 
position can lead to considcrablc N immobilization, 
thcrcby reducing N availability for subsequent plant 
growth. 

Aclirrol~,l~,c/~o,rc.rrrs-J. Russell. J. Anderson and S. Silva 
were instrumental in conducting this experiment. R. Pre- 
VOSIO. Fi. Fischer and R. Parra performed chemical ana- 

lyses. Numerous others assisted in collecting and processing 
samples. K. Lajtha and W. Schlesinger read and provided 
useful comments on the manuscript. This research was 
supported by N;ttional Science Foundation grants to W. G. 
Whitford and F. M. Fisher. and is a contribution of the 
Jornada Long Term Ecological Rescarch Program. 
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