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Abstract

Soil microplots were amended with organic materials of varying nature and complexity but providing similar amounts of
carbon. Materials were either placed on the soil surface or incorporated. Unamended and mineral fertilizer control plots were
established. Plots were maintained vegetation-free so that the food web activity was fueled by resident soil organic matter and
the input material. Enrichment-opportunist bacterivore nematodes increased rapidly in response to low C/N plant materials
and, to a lesser extent, to more complex materials. General-opportunist bacterivores increased in all plots, but at a slower rate.
Fungivore nematodes also increased gradually in all plots but most rapidly in those amended with higher C/N and more complex
materials. Indices derived from nematode faunal analysis suggested a constant rate of succession from enrichment-opportunist
to general-opportunist bacterivore guilds across all treatments, probably mediated by bacterial abundance and differences in
life course characteristics of the respective taxa. The rate of succession from bacterivore to fungivore nematodes was greatest in
plots receiving high C/N materials. Succession to fungivory, presumably indicating a shift from bacterial to fungal decomposi-
tion channels, was slowest in those plots with a high level of organismal metabolic activity, as measured by soil respiration. The
cumulative amounts of N mineralized in the plots were directly related to the enrichment index (El), based on the abundance
of opportunistic bacterial- and fungal-feeding nematodes. The amounts of mineralized N were inversely related to the slope
of the channel index (Cl), that is, the rate at which decomposition changed from bacterial to fungal. Maintenance of adequate
soil fertility in systems driven by organic input may require maintenance of food web structure and function as indicated
by high levels of enrichment-opportunist bacterivore nematodes. That will require frequent supply of labile organic sources.
Allowing food web succession to guilds that indicate lower mineralization potential will result in lower levels of soil fertility.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction ments enhance soil structure, nutrient status, physical
conditions, soil biological activity, crop production
Mainly through the response and function of and generally contribute to soil healtKgng et al.,
organisms in the soil food web, organic matter amend- 1981; Hungalle et al., 1986; Magdoff, 200Much
is known, and there are many recent studies, on the
_ rates of decomposition of various forms of organic
falch;r_%zz‘f;g'zn_%s%%ho“ Tekr1-530-752-8432; material in different soils and under a range of envi-
E-mail address:hferris@ucdavis.edu (H. Ferris). ronmental COH(FiItIOﬂS (e.Rowell et al., 2001; Cobo
1 present address: lllinois Wesleyan University. Visiting Scientist €t @l., 2002; Leifeld et al., 2002; Zaccheo et al., 2002
from University of Buea, Cameroon. Other studies attempt to couple rates of decomposition
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and other food web functions with biomass and ac- (Trofymow et al., 1983; Ingham et al., 1985; Griffiths,
tivity of bacteria and fungi, and their higher trophic 1986; Freckman, 1988; Verhoef and Brussaard, 1990;
predators (e.gWasilewska et al., 1981; Seastedt, Ferris et al., 1996b, 1997, 1998; Chen and Ferris,
1984; Bardgett and Cook, 1998; Mikola and Setala, 1999; Akhtar and Malik, 2000; Neher, 200The de-
1998a; Laakso et al., 2000; Ekelund et al., 2002 composition fate and products of organic materials in
Depending on which primary decomposers predom- the soil depends on their nature and C/N ratios and
inate, the decomposition pathways or channels are de-on the time-course of decompositioklggdoff et al.,
scribed as bacterial (fast cycle) or fungal (slow cycle) 1997; Akhtar and Malik, 2000; Rowell et al., 2001;
(Coleman et al., 1983; Moore, 1994The biomass  Cobo et al., 200R Nitrogen may become immobi-
and activity of bacteria and fungi in the soil may be lized in microbial tissue when organic material has a
limited by availability of carbon or mineral nutrients  C/N ratio >20:1 but mineralized in the form of NH
(e.g. Schmidt et al., 2000; Ruess et al., 2D@t by or NOs~ when the C/N ratio<20:1 Jones, 198R In
environmental extremes (e.dreonis et al., 2002 the obverse, the predominance of various functional
When the available organic pool, supplemented by groups in the soil food web is driven by the nature
mineral nutrients in the soil solution, no longer meets and availability of the organic source. Fungal energy
the growth and metabolic requirements of a particu- channels tend to predominate when the organic mate-
lar guild of organisms, for example, the copiotrophic rial is of high C/N ratio and/or is placed on the soil
bacteria emenov et al., 1999population increase in  surface rather than incorporated; bacterial decomposi-
that guild is limited. In that case, succession to other tion channels predominate when the organic material
guilds that are better adapted to utilize the available is of low C/N ratio and is incorporated into the soil
resources may occur. Such changes can be monitoredHendrix et al., 1986; Holland and Coleman, 1987;
by measure of food web function, for example, rates Moore, 1994.
of decomposition and mineralizatiof€¢leman and Nematode faunal analysis is evolving as a pow-
Crossley, 1996; Gunapala et al., 1998r by evalua- erful bioindicator of the soil condition and of struc-
tion of food web structure through direct or indirect tural and functional attributes of the soil food web
assessment of abundance and biomass of the decom{Bongers and Ferris, 1999; Neher, 2DORecent de-
poser organism group$iostegard and Baath, 1996; velopments of such analyses include recognition of
Semenov et al., 1999; Fu et al., 2000Ve refer to an enrichment trajectory and a structure trajectory.
changes through time in the abundance of organismsThe latter measures the abundance of trophic linkages
in the soil community that have different trophic roles in the food web and the probability of regulatory ef-
as structural succession. The concurrent changes infects on opportunist populations through exploitation
food web function are referred to as functional suc- and competition. The enrichment trajectory reflects
cession. Where organism guilds are difficult to mea- supply-side characteristics of the food web and the
sure or require a variety of techniques, their present increase in primary consumers of incoming organic
or recent abundance may be inferred from the abun- material ferris et al., 2001 In the current study,
dance of indicator organisms that selectively feed on we attempt to verify the effects of supply-side inputs
those guilds, although the potential for trophic cas- on nematode abundance and food web function and
cade of fluxes must be considered. In the case of soil to increase resolution of our understanding of the
bacteria and fungi, fungivore and bacterivore nema- subsequent successional events.
todes are proving useful indicators (ekgrris et al., Food webs become enriched when disturbance
2001; Neher, 2001 Their abundance is presumed to occurs and resources become available due to exter-
mirror that of other important bacterivores (e.g. pro- nal input, organism mortality, turnover, or favorable
tozoa) and fungivores (microarthropods) and reflect shifts in the environmentQdum, 1985; Van Veen
the current or recent availability of their food. Fungal- and Kuikeman, 1990 Enrichment is followed by het-
and bacterial-feeding nematodes, and other organismserotrophic succession whereby the predominance of
that graze on primary decomposers, accelerate the de-organisms changes through time depending on trophic
composition of soil organic matter and increase min- roles, life course dynamics, and prevailing environ-
eralization, thus releasing nutrients for plant growth mental conditions. The mass of available C diminishes
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with each trophic interchange. Enrichment stimulates and Ferris, 200R The CI also provides a means of
a flush of microbial activity and opportunistic preda- tracking succession between fungivore and bacterivore
tors respond by exploiting the new resource. Some of nematodes as organic resources are supplied and de-
the organismal responses to enrichment are ephemerapleted in agricultural systemR(iess and Ferris, 2002
and can be detected only with intensive sampling Decomposition rates of readily degraded materials in
(Nannipieri et al., 1990; Neher, 20Q1others, in- bacterial pathways are expected to be faster than that
cluding responses of certain guilds of nematodes, arein fungal pathways where materials may be more com-
more persistent and can be measured reliabgrr(s plex. Due to the similarity of C/N ratios of fungi and
et al., 1996b; Bongers and Ferris, 1999 fungivore nematodes, mineralization rates in fungal
The enrichment-opportunist bacterivore nematode channels should be slower than those in bacterial chan-
guild includes species in the families Rhabditidae, nels where there is greater difference between C/N ra-
Panagrolaimidae and Diplogasterida®ofigers and  tios of predators and preyngham et al., 1985; Ferris
Ferris, 1999; Ferris et al., 20R1They are classi- etal., 1997; Chen and Ferris, 1999; Okada and Ferris,
fied as cp-1 organisms, characterized by short gen-2001). Further, the redistribution of bacteria to new
eration time, small eggs and high fecundity, in the food sources by survival of passage through the nema-
colonizer—persister scale ddongers (199Q) They tode intestine is an important accelerator of decompo-
appear to feed continuously in enriched media and sition processes/(asilewska et al., 1981; Freckman,
then form metabolically suppressethuerlarvaeas 1989 for which fungivore nematodes probably do not
resources are diminished. As microbial blooms fade, provide an equivalent function in the fungal channel.
enrichment-opportunist microbivores may be replaced  The objectives of these studies were: (i) to assess
by general opportunists with specialized morphologi- the impact of organic sources on the enrichment index
cal, physiological and behavioral adaptations for more (EI) descriptor of the soil food web; (ii) to validate
deliberate feeding on less-available resources. Thethe notion that enrichment-opportunist bacterivores
general-opportunist nematodes, classified as cp-2, arewill be succeeded by general-opportunist bacterivores
predominantly bacterial scavengers in the Cephalo- and fungivores as readily decomposable resources
bidae and fungal-feeders in the Aphelenchidae, Aphe- diminish; and (iii) to determine the relationship be-
lenchoididae and Anguinidae. Increased abundance oftween components of the enrichment trajectory and
fungal-feeding opportunists occurs when the available the function of N mineralization.
organic pool is conducive to fungal decomposition
as, for example, when complex organic material be-
comes available in the soil or when fungal activity 2. Materials and methods
is enhanced under conditions less favorable for bac-
terial decomposition (e.gzitminavicut: et al., 1976; 2.1. Field plot location, experimental design and
Wasilewska et al., 1991In fact, nematodes in the plot management
general-opportunist guild commence to increase with
the initial enrichment, but at a slower rate than the  The experimental site was on the Student Farm at
enrichment opportunists so that they become succes-the University of California, Davis. The area had not
sionally predominant as the latter guild is declining been cropped for 2 years and was covered with four
(Bongers, 1990; Ferris et al., 1996b, 2001; Bongers species: (1)Claytoni preforia(miner’s lettuce, 90%);
and Bongers, 1998; Bongers and Ferris, 1999; Chen (2) Conyza canadens{torse weed, 6%); (Lyamium
and Ferris, 2000 In this paper, we introduce a bac- sp. (henbit, 3%); and (43ilybum marinungmilk this-
terivore index (Bal) as a measure of succession from tle, 1%). The last crop grown at the site was cdfeg
enrichment-opportunist to general-opportunist bac- may3. The experimental design was a randomized
terivore nematodes and as an indicator of the nature complete block of 56 microplots in four replications.
and abundance of the microbial biomass. Microplots were 1 and separated from each other
Indication of the relative flow of substrate along bac- by 1 m on each side. In December 2000, the site was
terial and fungal decomposition pathways is provided mowed close to the soil surface and organic material
by the channel index (Cl)Herris et al., 2001; Ruess raked from the area. Remaining stubble was cleared
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Table 1

Treatment definitions and their effects on stimulation of the food web as reflected in intercept values of the enrichment index (EI)
relationship with physiological time in early March and by the aggregate enrichment index (AEl) after that date

Inpuf Amount (kg) C content (g) CIN Placemént El intercept AEI (x1000)
Alfalfa 0.9 287 10.6 Surface 78.0c 73.8
Alfalfa St. 0.9 287 10.6 Incorp. 73.9c 70.0
Alfalfa 0.9 287 10.6 Incorp. 66.5b 62.4
Alfalfa-wheat 0.8 284 24.7 Incorp. 69.7b 62.0
Wheat straw 0.7 282 75.9 Incorp. 71.6b 61.8
Wheat straw St. 0.7 282 75.9 Incorp. 67.4b 57.2
Wheat straw 0.7 282 75.9 Surface 63.7b 56.1
Compost-wheat 25 335 20.5 Incorp. 66.9b 55.2
Compost St. 6.0 442 10.6 Incorp. 58.5a 53.0
Compost 6.0 442 10.6 Incorp. 56.4a 51.7
Compost 6.0 442 10.6 Surface 59.3a 49.7
Control 0 0 0 Incorp. 57.4a 52.5
Control 0 0 0 - 52.0a 46.2
(NH4)2SOy 0.2 0 0 Incorp. 52.8a 47.9

Data are sorted by C/N ratio within each organic source.

aMaterials followed by “St.” were pasteurized by heating af@0for 24 h before application.
b Incorp. indicates material incorporated into the soil.

CIntercept values followed by the same letter do not differ from each other (.05).

to soil level using a propane burner. After the clearing plied, and the amount of N, differed among treatments
and burning of the top vegetation, six-core soil sam- (Table J.
ples (2.5 cm diameter, 15 cm deep) were collected for ~ Since mist chamber extraction of nematodes from
baseline nematode and soil chemistry analysis. the organic materials revealed small numbers of
There were four main amendment sources, three or- Aphelenchidae, Tylenchidae and Rhabditidae, a set
ganic and one inorganic. The organic materials were of the amendment treatments was pasteurized by
wheat straw (C/N 75.9), alfalfa (C/N 10.6) and aged heating to 70C for 24 h to allow determination of
compost (C/N 10.6), while the inorganic was mineral whether any changes in nematode abundance were
fertilizer ((NHz)2SO4, 21-0-0 NPK) Table 1. The due to introductions with the organic material. The
aged compost had been turned over several times andvarious combinations constituted 14 different treat-
was mixed with a considerable amount of sand and ments. On 19 December 2000, organic materials were
soil. That resulted in a rather low C content per unit applied to each plot, either spread on the surface or
weight. Some of the organic materials were blended incorporated to 20 cm by two passes with a rototiller.
to provide intermediate C/N ratios. All organic ma- The fertilizer treatment was incorporated. Control
terials were passed through a chipper—shredder andplots without amendments, undisturbed and rototilled,
chopped into pieces no larger than 1 cm. The mate- were also established. Actual amounts of C and N
rials were then homogenized and blended, where ap-applied were determined after analysis of the inputs
propriate, in a cement mixer. The amount of material (Table J.
applied to each plot was designed to provide a similar  Throughout the course of the experiment, plots
amount of C in each case. Dry weights were deter- were hand weeded as needed to keep them free of
mined for each material by drying overnight at @ vegetation. By mid-May, winter rainfall had ended
We determined the amount of alfalfa required to cover and the soil in the plots was becoming dry. An irri-
a 1n? microplot to a depth of 2cm and estimated gation system was established with a sprinkler head
relative amounts of other materials to be applied to at each plot delivering 0.8 mirt. Plots were wa-
supply approximately the same amount of C to each tered as needed, at approximately 2-week intervals,
plot. Consequently, the total amount of material ap- delivering 481 of water per plot each time.
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2.2. Saoil respiration

The rate of CQ emission from the soil was used
as an indicator of soil respiration and of the level of
biological activity. CQ emission rates were measured
approximately weekly. Collection chambers 26 cm

97

to settle for 1 min, and nematodes were extracted from
the suspension on a 400 mesh (38 aperture) sieve.
The sieve was backwashed into a beaker and trans-
ferred to a Baermann funnel. Nematodes were col-
lected after 48 h.

All nematodes in the sample were counted under

diameter and 15cm high were cut from the bases of a dissecting microscope. The sample was then cen-
plastic buckets. A neoprene self-sealing flange was trifuged and the supernatant removed. The pellet was
inserted into a hole drilled in the center of each cham- resuspended in about 0.25ml| water and spread on
ber. Collection chambers were pushed into the soil a microscope slide, covered with a cover slip, and
surface of each plot to a depth of 2 cm and allowed to sealed with fingernail polish. A minimum of 100 ne-
accumulate C@for 2 h. Soil temperature and mois- matodes on each slide was identified to genus level.
ture conditions were recorded. Headspace, @@s The actual abundance of each taxon was adjusted
measured by inserting a hypodermic needle attachedaccording to the total number of nematodes in the
to a 10 ml syringe through the flange. The syringe was sample.
filled and flushed 10 times before a 10 ml headspace  Soil moisture level in each sample was determined
sample was collected. The needle was sealed with by weight loss after heating at 7@ for 24 h. Soil ni-
a cap for transportation to the laboratory and deter- trogen (NQ—N and NH—N) was extracted by shaking
mination of CQ concentration with an infrared gas for 1 hin 2M KClI, centrifuging and collecting 25 ml
analyzer. C@ concentrations were based on peaks de- of the supernatant. KCI extracts were submitted to the
termined from calibrated standardsunapala et al., University of California Division of Agriculture and
1998. Natural Resources Analytical Laboratory for N deter-
minations.

Given the number of treatments and sampling
dates in this study, resources were not available

2.3. Soil sampling, processing and analyses

Six-core composite soil samples (2.5cm diam-
eter, 15cm deep) were taken from each plot at
4-week intervals. Cores were collected randomly
from the central portion of each plot and the holes
closed with minimum soil disturbance. Soil samples
were placed in an insulated box for transportation
to the laboratory. In the laboratory, each soil sam-

for comprehensive PLFA analysis. Rather, samples
taken in March and July from representative treat-
ments were analyzed in an attempt to verify shifts
from bacterial to fungal decomposition pathways.
PLFAs were extracted from soil according to de-
scribed methodologyBossio and Scow, 1998; Chen

et al., 200} and measured by gas chromatography.

ple was shaken through a 0.7cm mesh screen andThe weights of individual PLFAs were measured as
hand-mixed. The sample was divided into subsamples nanogram per gram dry soil. The biomass of bac-

for nematode faunal analysis (200¥ysoil moisture
(50cn?), soil N determination (50cf) and phos-
pholipid fatty acid (PLFA) analysis (25cth PLFA

teria was determined using the combined weights
of fatty acidsiso0l15:0, anteisd5:0, 15:0, is016:0,
16:1w5¢, is0l7:0, anteisd7:0, 17:0cy, 17:0 and

samples were stored frozen before submission for 19:0cy. That of fungi was determined as the sum of

analysis.

18:3w7c, anteisd.8:0 and 18:@6, 9c (Bossio and

Nematodes were extracted using a combination of Scow, 1998; Bossio et al., 1998; Mikola and Setala,
decanting and sieving and Baermann funnel methods 1998H.

(Barker, 198%. Each soil sample was placed in a 11

beaker and suspended in water by pouring it between 2.4. Other measurements

two beakers ten times. The suspended material was

passed through a 60 mesh (34® aperture) sieve into Soil temperature data for the experimental period
a 2| beaker, leaving the settled particles behind. That were downloaded from a nearby California Irriga-
residue was resuspended in water and the process retion Management Information System (CIMIS) site
peated. The collected suspension was stirred, allowed(UCIPM, 200).
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2.5. Data analysis structure index (SI) is calculated as 100(s + b))
and the enrichment index as 1@@(e + b)). En-

Nematode faunal analysis, based on a weighted richment is partitioned into bacterial and fungal
matrix classification of life course traits and feeding channels through the channel index, based on the
habits (functional guildsensuBongers and Bongers, weighted abundance of fungal-feeders among the op-
1998, provides three qualitative measures of the portunistic nematode grazers on fungi and bacteria
soil food web Ferris et al., 2001 In a Basalfood, (Cl = 100(0.8Fw)/(3.2Ba; + 0.8Fw)), where the
diminished by resource limitation or adverse environ- coefficients are thé&. enrichment weightings for the
mental conditions, nematode guilds in the cp-2 class respective guildsHerris et al., 2001

(Bongers, 199ppredominate, mainly bacterial scav- In the current study, we were also interested in the
engers in the Cephalobidae (Band fungal-feeders  succession from more ephemeral enrichment-opportu-
in the Aphelenchidae and Aphelenchoididae)in nist bacterivores to more stable, general-opportunist,

astructuredfood web, there is a continuum of taxa in  species. Consequently, we constructed a bacterivore
the cp classes 3-5. The higher the cp classification of index as 108,Bay/(keBay + kpBap), whereky, andke
the indicator guilds, the greater the number of trophic are the weights for the respective guildse(ris et al.,
linkages and community interactions. Structure and 2001).
basal indicator guilds are weighted based on the pos- Data were subjected to regression analysis using
tulated degree of trophic connectantei the food the data analysis tools of Microsoft Excel 97 and to
web in relation to species richness, that is,! = «s? analysis of variance, when appropriate, by the GLM
(Cohen, 1989 Initial assessments are that relative procedure of SAS version 6.12 (SAS Institute Inc.,
nematode taxonomic richness increases by about 0.5Cary, NC). Means were separated by Duncan’s mul-
with each increment in cp class numbey) @nd is tiple range test. Differences in the effects of input
2.5 times greater in the most structured food webs materials and methods of application were tested by
than in basal food webs, so in structured food webs, assigning the interactions of these effects as qualita-
52 = 6.25. To standardize to a maximum connectance tive independent variables in the regression analysis
value of 5.0,« is set at 0.8 and the weightKg) of (Neter et al., 199D
guilds along the structure trajectory are calculated as
0.8(0.51)2.

An enriched food web has abundant resources 3. Results
due to elevated microbial abundance and activity.
Bacterial-feeding enrichment opportunists of the cp-1 3.1. Nematode populations
class are enhanced; the 1Bguild includes the Rhab-
ditidae, Panagrolaimidae and Diplogasteridae. Enrich-  During the course of these studies, 22 genera
ment guild weights reflect responsiveness to available or larger groupings of nematodes, representing 16
resources. The population increase rate of the Ba families, were identified in samples from the plots
is about four times as great as that of the basal Ba (Table 9. Population levels of the various taxa varied
guild, which has a weightkf) of 0.8 as calculated across the plots at the commencement of the study
above; consequently, Bdaxa are assigned a weight in December 2000. During the first two sampling
(ke) of 3.2. The Fy guild is an indicator of fungal  periods following the initial disturbances of plant re-
enrichment; since it has similar reproductive potential moval and plot establishment, there was an increase in
to the Ba guild, it has ake of 0.8. Further details and  enrichment-opportunist bacterial-feeding nematodes
rationale are provided iRerris et al. (2001) in the upper 15 cm of soil in plots amended with labile,

Two indices are calculated based on the weighted low C/N organic material (examples kig. 1). Rhab-
abundance of nematodes guilds representing structureditidae and Aphelenchoididae generally increased in
(s), enrichment € and basal lf) characteristics. As  the spring and then declined where there were no
an example, the component is calculated 3s ksns, additional organic resources or where the resources
where ks are structure indicator weights amg are were labile. In plots that received organic matter in-
the abundance of nematodes in those guilds. The put, there was a slow increase in general-opportunist
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Table 2
Mean and range of nematode abundance across all plots and sampling periods for a control treatment (no additional organic material, no
incorporation) and an alfalfa amendment (low C/N, incorporated) {sé&ée J)

Family Genus Guild Control Alfalfa

MearP Range Meah Range
Panagrolaimidae Panagrolaimus bl 57 0-252 189 0-2113
Rhabditidae Cruznema bl 23 0-138 97 0-1276
Rhabditidae Mesorhabditis bl 38 0-390 100 0-1690
Rhabditidae Rhabditidae bl 36 0-762 32 0-762
Cephalobidae Acrobeles b2 9 0-77 10 0-130
Cephalobidae Acrobeloides b2 578 0-1897 677 0-2710
Cephalobidae Cephalobidae b2 12 0-128 12 0-128
Cephalobidae Chiloplacus b2 6 0-86 13 0-154
Cephalobidae Drilocephalobus b2 8 0-86 11 0-230
Monhysteridae Monhystera b2 8 0-86 21 0-135
Plectidae Plectus b2 90 0-984 70 0-984
Prismatolaimidae Prismatolaimus b3 5 0-59 15 0-230
Aphelenchidae Aphelenchus f2 220 0-1057 241 0-1382
Aphelenchoididae Aphelenchoides f2 233 0-984 605 0-4685
Mononchidae Mylonchulus c4 5 0-86 9 0-307
Qudsianematidae Eudorylaimus c4 6 0-132 12 0-174
Discolaimidae Discolaimus c5 63 0-556 96 0-998
Thornenematidae Mesodorylaimus o5 15 0-62 47 0-538
Tylenchidae Tylenchidae h2 335 39-2438 363 18-2438
Tylenchulidae Paratylenchus h2 0 0-0 1 0-32
Pratylenchidae Pratylenchus h3 2 0-26 3 0-33
Longidoridae Xiphinema h5 5 0-58 23 0-579

aGuild designation is the composite of feeding habit and cp value: b, bacterivore; f, fungivore; c, carnivore (predator); o, omnivore;
h, herbivore. Numbers following the letters indicate the cp classification of each taxoBdsgers, 1990; Bongers and Bongers, 1998
b Numbers per L soil, not corrected for extraction efficiency.

bacterivore and fungivore nematodes, for example, in Plant material significantly raised the rate of soil res-
the disturbed plots, Cephalobidae and Aphelenchidae piration above those of the compost and control plots,
increased throughout the experimehigy. 1). with alfalfa having the greatest effect. The main ef-
The nematode populations responding to the or- fect of low C/N compost was not different from that
ganic inputs were those resident in the soil. Plots re- of the control. Incorporation did not significantly in-
ceiving pasteurized organic material did not behave fluence the rate of soil respiration during the winter
differently from those receiving unpastuerized mate- seasonTable 3.
rial (data not shown). After soil temperatures reached 4D, we used that
temperature as the base for the physiological time
scale (D). Relative soil respiration rates were low-
est in surface-applied materials, the mineral fertilizer
The slope of linear models fitted to the relationship treatment and the unamended controls. They were
between cumulative Cevolution and physiological  greatest is the incorporated alfalfa treatments followed
time was used as an estimator of the relative rate of by the intermediate C/N compost material, which
soil respiration. The stimulation effect of plot estab- was blended with wheat strawrdble 3. The main
lishment and input incorporation was evident from the effect of alfalfa amendment was greater than other
relative soil respiration rate in relation to physiologi- organic sources and the unamended controls. During
cal time (DDy: day-degrees above’@) during the pe- the summer months, the main effect of incorporation
riod that soil temperatures were below’ID(Table 3. elevated the relative respiration rates above that in

3.2. Sail biological activity
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(A) Rhabditidae (B) Cephalobidae
1200 2000
900 - 1500 -
8 8
g 5
S 600 A S 1000 -
2 =1
Qo el
< <
300 - 500 A
0+ T T 0 T T T
12/19/00 2/17/01 4/18/01 6/17/01 12/19/00 2/17/01 4/18/01 6/17/01
(C) Aphelenchoididae (D) Aphelenchidae
2000 1200
—@— Control, Incorp.
1500 A 900 —A— Alfalfa, Incorp.
Q @
é % —e— Wheat Straw, Incorp.
81000 - °T 600
5 5 —— (NH4)2S04, Incorp.
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36879 36939 36999 37059 12/19/00 2/17/01 4/18/01 6/17/01

Fig. 1. Abundance of taxa representative of different functional guilds: (A) Rhabditidae giill); (B) Cephalobidae (Baguild); (C)
Aphelenchoididae (Ruguild); and (D) Aphelenchidae (Rwuild). Guild designations are derived from feeding habit (Ba, bacterivore; Fu,
fungivore) and theBongers (1990xolonizer—persistor (cp) designation. Nematode numbers are expressed per L soil.

Table 3
Effects of organic matter source and placement on relative soil respiration rates in wigt&€Qp m=2h=1 DDal) and summerg CO;

m=2h~! DD1J)

Input CIN Placement Wintér Summetf
Control Surface 1441d 1926d
Control Incorporated 1565d 2285bcd
(NH4)2SOy Incorporated 1745cd 2254bcd
Compost-wheat 20.5 Incorporated 2611bc 2653b
Compost 10.6 Surface 1765cd 2224bcd
Compost 10.6 Incorporated 1969bcd 2412bc
Wheat straw 75.9 Surface 2731bc 1996¢d
Wheat straw 75.9 Incorporated 2778b 2336bcd
Alfalfa-wheat 24.7 Incorporated 3753a 2308bcd
Alfalfa 10.6 Surface 4641a 2141cd
Alfalfa 10.6 Incorporated 3825a 3042a
Main effects
Control 1532r 2043q
Compost 10.6 1915r 2298q
Wheat 75.9 2809q 2171q
Alfalfa 10.6 4213p 2554p
Surface 2681x 2043y
Incorporated 2681x 2554x

aMeans (followed by letters within an alphabetic series) sharing the same letter do not differ significantly based on Duncan’s multiple
range test P < 0.05). Means followed by letters in different alphabetic series are not comparable.
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surface-applied treatmentgable 3. Incorporation of
ammonium sulfate did not increase the relative rate of
soil respiration above that of the incorporated control.

3.3. Soil chemistry

Total mineral N recovered from soil samples var-
ied with the nature and C/N ratio of the organic mate-
rial input. The total amount of N recovered from the
NH4SO4 was almost three times that from the highest
organic amendment treatmeffiaple 4. The greatest
amount of mineral N recovered from an organic treat-
ment was from the incorporated low C/N alfalfa. Less
N was recovered from plots enriched with the high or
intermediate C/N plant material (alfalfa-wheat blend),
whether incorporated or noP(< 0.05). The main ef-
fect of organic source was higher for alfalfa than for
any other organic input or for the unamended control.
The main effect of incorporation on mineral N recov-
ery over the whole sampling period was not significant.
Interestingly, during the winter months, approximately
half of the N recovered from plots amended with al-

falfa, whether placed on the surface or incorporated,

Table 4

101

was in the NH-N form. Greater amounts of NHN
were recovered from those plots than for all treatments
other than the mineral fertilizer. Although the aged
compost treatments had levels of N equivalent to or
higher than those applied in plant materidgafle J),
most of it was in the N@-N form. There were no dif-
ferences in mineral N recovery among aged compost
treatments. Of all organic amendment treatments, cu-
mulative N recovery from the soil was greater than
the unamended control only in plots where low C/N
material was incorporatedéble 4.

During both winter and summer periods, more min-
eral N was recovered from soil in plots amended with
alfalfa, whether incorporated or not, than from the con-
trols or from plots amended with any other organic
source (able 4.

Phospholipid fatty acids attributed to bacteria were
greater in the incorporated alfalfa treatment than in
the other treatmentsP( < 0.05). However, there were
no differences in bacterial PLFAs between March and
July (Fig. 2). Fungal PLFAs in March were greater in
all amended treatments than those in the unamended
control (P < 0.05). The treatments with wheat straw

Total mineral N, and its Nig-N and NQ-N componentsig Ng~ dry soil), recovered from plots during winter and summer periods
for amendments applied to the soil surface or incorporated in December

Material C/N Placement Winter Summer Wintersummer
NH4—N NOs—N Total N? NH4—N NO3—N Total N? Total N2
Control Surface 0.17 1.15 1.31cd 0.09 2.42 2.51b 3.82cd
Control Incorporated 0.11 0.74 0.85d 0.10 1.78 1.88b 2.73cd
(NH4)2SOy Incorporated 7.99 2.60 10.59a 2.91 8.49 11.40a 21.99a
Compost-wheat 20.5 Incorporated 0.15 0.70 0.85d 0.11 2.05 2.16b 3.01cd
Compost 10.6 Surface 0.18 1.09 1.27cd 0.11 2.19 2.30b 3.57cd
Compost 10.6 Incorporated 0.15 1.04 1.19cd 0.10 1.87 1.97b 3.16cd
Wheat 75.9 Surface 0.12 0.57 0.69d 0.09 2.42 2.50b 3.20cd
Wheat 75.9 Incorporated 0.14 0.43 0.57d 0.11 1.58 1.68b 2.26d
Alfalfa-wheat 24.7 Incorporated 0.22 0.93 1.15cd 0.10 221 2.31b 3.46¢cd
Alfalfa 10.6 Surface 1.29 1.24 2.53b 0.13 2.99 3.12b 5.65bc
Alfalfa 10.6 Incorporated 1.54 2.07 3.61b 0.12 3.51 3.63b 7.24b
Main effects
Control 1.08qr 2.19q 3.27q
Compost 10.6 1.23q 2.14q 3.37q
Wheat 75.9 0.63r 2.10q 2.73q
Alfalfa 10.6 3.07p 3.37p 6.44p
Surface 1.45x 2.61x 4.06x
Incorporated 1.56x 2.29x 3.85x

2Means (followed by letters within an alphabetic series) sharing the same letter do not differ significantly based on Duncan’s multiple

range test £ < 0.05). Means followed by letters in different alphabetic series are not comparable.
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Fig. 2. Weights of phospholipid fatty acid (PLFA) markers of bacteria and fungi in March and July after stimulation of the soil food web

by organic input in the previous December. Comparison of plots with plant materials placed on the surface and an unamended control.

Bars represent 1S.D.

incorporated or placed on the surface did not differ
from each other in fungal PLFAs. However, the in-
corporated alfalfa treatment had higher fungal PLFAs
than the incorporated wheat strai & 0.05). Fungal

PLFAs were lower in each treatment in July than in

March (Fig. 2).
3.4. Nematode faunal indices

The El in all plots increased following removal of
old plant material, application of organic material and
soil disturbance during incorporation. It declined lin-
early with the passage of physiological time (RP
(Fig. 3A-Q. Since a higher EIl is associated with
greater bacterial abundance and activieris et al.,
2001, we examined the magnitude of the El for each
input at 0 DD g (March 2001) and the rate of its de-
cline in relation to the nature of the input. Intercept
values of the linear relationships between El andipD
(Fig. 3) were used as estimators of the magnitude
of the EIl at the beginning of the biologically active
period for the nematode community. Since soil tem-

controls (P < 0.05). Composted materials and min-
eral fertilizer did not elevate the El levels above those
of the control plots Table 7). There was no clear
trend associated with the disturbance factor of in-
corporation. Although the highest El was measured
in plots with low C/N ratio materials placed on the
soil surface, similarly high EI values were achieved
with alfalfa that was defaunated by heating and then
incorporated (able 1.

For all treatments, there was a linear declife<
0.01) in the El with progression of Dfg but the slopes
of the lines did not differ Fig. 3A—C). Neither the
disturbance of the soil nor the type of organic matter
incorporated affected the El decline rate. Differences
among the El regression lines were determined only
by the magnitude of the intercept at 0 pfXTable J).

The product of the El and Dy, that is the area un-
der the regression line between the two variables, pro-
vides an integral measure of the enrichment effect of
organic matter inputKig. 3). We define that product
as the aggregate enrichment index (AEl). The rank-
ings of AEI differ slightly from those of the intercept

peratures at 15cm depth during December, Januaryvalues alone as they also integrate the small differ-

and February ranged between 5 aritC9 differences

ences in rates of El decline in the various resource

in the intercept values must reflect either differences treatments. Highest AEI was achieved with low C/N

among the plots at initiation of the experiment or

alfalfa, followed by high C/N wheat straw and then

increase in enrichment-opportunist nematodes during compost. Plots with low and high C/N plant materi-

low-temperature soil conditionsFig. 1). Intercept
values for the relationship between the El and{pD
for all plots that received plant material inputs were

als had significantly higher AEI values?(< 0.05)
than compost or control plots. The affect of the latter
on AEI was not different from the unamended control

greater than those for the disturbed and non-disturbed plots (Table J).



H. Ferris, M.M. Matute / Applied Soil Ecology 23 (2003) 93-110 103

© Wheat Straw, Surface succession from bacterial to fungal decomposition
A Alfalfa, Surface pathways (examples iRig. 4A—C). The main effect
O Control, Surface of incorporation disturbance on the increase rate of
the Cl was not significant. Low C/N alfalfa did not
alter the CI increase rate, but high C/N wheat straw
increased it over the control?(< 0.05) (Fig. 4A
and B. The succession from bacterial to fungal de-
composition was faster with high C/N than with low
04 . . . | C/N plant material P < 0.001) and faster with low
0 300 600 900 1200 C/N compost than with low C/N alfalfaq < 0.05).
(A) Degree-days>10 C Low C/N compost and high C/N wheat straw were
not different in their effect on rate of succession
#Wheat Straw, Incorp. from bacterial to fungal decompositiontgble 5.
100 AAlfalfa, Incorp. The rate of succession to fungivore predominance
was not different between plots in which ammonium
fertilizer had been applied and the no-input control
plots (Fig. 40.

Among the bacterivores, the rate of succession from
enrichment opportunists to general opportunists, in-
dicated by change in the Bal, was similar in all plots,

’ regardless of original input (examples Kig. 5A).
0 300 600 900 1200 ; ; . .
Differences in the Bal through time were a function of
®) Degree-days>10 C the degree of stimulation of enrichment-opportunist
100 A Compost, Incorp. _tl)_ﬁct'erivores in response to the initial organic input.
A Compost, Surface eir early abundance and subsequent rate of de-
@ Control, Incorp. cline were greatest when readily degraded, N-rich
O Control, Surface substrates were incorporated in the soil. They were
least when there was no organic input or with organic
inputs of high C/N ratio Fig. 5B). In fact, the rate
of decline of the Baguild in relation to time did not
differ from zero for wheat straw, while it declined sig-
nificantly from elevated levels for the surface-applied
and -incorporated alfalfa-f = 0.96, P < 0.01 and
r2 =0.79, P < 0.05, respectively).

100

Enrichment Index

@ Control, Incorp.

Enrichment Index

80

60

40

Enrichment Index

20

0 300 600 900 1200
©) Degree-days>10 C

Fig. 3. Relationship between the enrichment index, derived from ) _
nematode faunal analysis, and physiological time between March 4. Discussion
and August after stimulation of the soil food web by organic

input in the previous December: (A) comparison of plots with .
plant materials placed on the surface and unamended control; (B) The theory underlying the expected responses of

comparison of plant materials incorporated and unamended control; nematOde. functional ggllds to soil _en”Chmem’ and
and (C) comparison of aged compost, placed on the surface or the associated successional events in nematode faunal

incorporated, and unamended controls. Bars=at&.D. structure, emerges from the colonizer—persister cate-
gorizations of taxa and functional groupBafgers,
3.5. Food web succession 1990; Bongers and Bongers, 199& that scheme,

cp-1taxa are enrichment-opportunist bacterial-feeding

Changes in the nematode fauna resulted in a posi-nematodes that respond rapidly to increase in mi-
tive, linear relationship between the channel index and crobial biomass. As bacterial resources decline,
physiological time for all input treatments, indicating general-opportunist bacterivores (cp-2) replace the
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Fig. 4. Bacterivore to fungivore succession indicated by the relationship between the channel index, derived from nematode faunal analysis,
and physiological time between March and August after stimulation of the soil food web by organic input in the previous December: (A)
comparison of plots amended with alfalfa and unamended controls; (B) comparison of amended with wheat straw and unamended controls;
and (C) comparison of mineral fertilizer and unamended control. Bars-a&D.
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food web structure and function for each guild of ne-
matodes and, arguably for other organisms in similar
functional guilds Ferris et al., 2001l

100

80
3 .
2 4.1. Dynamics of the nematode fauna
(]
% 40 Since this experiment was initiated in Decem-
S ber, soil temperatures were10°C during the first
@ © Control, Surface two sampling periods following the initial distur-
@ Control, Incorp. X
20 A Alfalfa, Incorp. bances of plant removal and plot establishment. In
A Alfalfa, Surface plots amended with labile, low C/N organic mate-
0+ . . | rial, there was an increase in enrichment-opportunist
0 400 800 1200 bacterial-feeding nematodes (mainly Rhabditidae and
(A) Degree-days>10 C Panagrolaimidae Table J) and of fungal-feeding
8000 Aphelenchoididae (examples kg. 1), perhaps con-

& Wheat Straw, Incorp. sistent with adaptation to lower temperature conditions
A & Wheat Straw, Surface for local populations of these nematod€éeif(is et al.,
A Alfalfa, Incorp. 1996a; Okada and Ferris, 2004nd an initial flush
AAlfalfa, Surface of microbial activity. The cp-1 nematodes were less
stimulated by more recalcitrant, high C/N, materials.
Their populations declined as the labile organic mate-
rial dissipatedffigs. 1 and 5B They were succeeded
by general opportunists of the Cephalobidaay$. 1
and 5A with slower reproductive rates and longer life
cycles Ferris et al., 1996a, 2001; Venette and Ferris,
0 ; . 1997; Bongers and Ferris, 1999he succession to
0 400 800 1200 cp-2 bacterivoresHig. 6A) was not only due to cp-1
(B) Degree-days>10 C bacterivore declineRig. 5B) but also to concurrent,
. . . . _ but slower, changes in generalist bacterivores and fun-
Fig. 5. Succession among bacterivore guilds and dynamics of . . .
the cp-1 bacterivore (Bj guild (Bongers and Bongers, 19p8  9VOr€S €ig. 1). The al_)undance of these Igtter guilds
between March and August after stimulation of the soil food web Varied through time with the nature of the input.
by organic input in the previous December. Data for the plots In previous studies on a similar soil about 1km
amended only with mineral fertilizer are omitted. (A) Bacterivore  from this site, cp-1 nematodes increased when or-
_successior) indicated by the relationship betyveen the ba_cteri\_/ore ganic material was incorporated into the soil and
index, derived from nematode faunal analysis, and physiological . .
time; comparison of plots amended with alfalfa and unamended rema_lned at high levels through the summer months
controls. Bars aret1S.D.; for all relationshipsP < 0.05. (B) (Ferris et al., 199) The difference in the studies was
Comparison of relationship between the abundance of cp-1 guild that the plots in the previous experiment were planted
bacterivores and physiological time fo_r plots amenc_ied with alfalfa  with tomatoes, so there was a continuous supply of
e e s ey o " ¥ labile organic materals n the thizosphere through
root exudation. We conclude that continued priming
of the food web with root exudates or another source
enrichment-opportunist specieBdngers and Ferris,  of readily decomposed organic source, perhaps lig-
1999. Also, as the decomposing organic source be- uid manures, is necessary to keep the cp-1 nematode
comes more recalcitrant to bacterial decomposition, population at high levels.
fungi become increasingly prevalent and the ratio of  In all plots that received organic matter input, there
fungivore to bacterivore nematodes is expected to in- was a slow increase in general-opportunist bacteri-
crease. The structure of the nematode fauna at a sitevore and fungivore nematodes (mainly Cephalobidae
has been used to develop indices that are indicative ofand Aphelenchidae) which have longer lifecycles

cp-1 Bacterivores
B
o
o
o
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Table 5

Pairwise comparisons of main effects of source and nature of organic material on the rate of succession from bacterial to fungal decomposition
ComparisonA vs. B Difference in slope & — B) Difference 1004 — B)/B Probability of difference R)

Alfalfa vs. control —0.0086 —-25.1 n.s.

Wheat straw vs. control 0.0151 44.1 <0.05

Compost vs. control 0.0083 24.4 n.s.

Wheat straw vs. alfalfa 0.0236 92.3 <0.01

Compost vs. alfalfa 0.0169 66.1 <0.05

Compost vs. wheat straw —0.0067 —-13.6 n.s.

Data are slopes of the relationship between the channel index and physiological time for the inputs compared. Probabilities that the changes
in slope differ from zero are indicated.

and lower fecundity than the enrichment opportunists the readily decomposed C fraction of the aged com-
(Ferris et al., 1996a; Okada and Ferris, 20(Fg. 1). post had already been utilized during the composting
A smaller increase in these nematodes also occurredprocess so that mainly recalcitrant organic materials
in plots that did not receive organic input, presumably remained. Incorporation of alfalfa enhanced soil res-
fueled by decaying roots of previous vegetation and piration in comparison to placing it on the surface
stored soil organic matter. whereas the effect of incorporation was not significant
We separated the soil respiration assessments intowith compost or wheat straw.
two datasets, one that measured cumulative soil respi- El levels were stimulated above those of the con-
ration from the start of the experiment until soil tem- trol plots to the greatest extent by plant inputs in gen-
peratures reached $Q, which was when we deemed eral and then by compost. As with soil respiration
that major nematode activity commenced. That initial rates Table 3, the El was not elevated by addition of
period represented the microbial stimulation effect mineral fertilizer. Interestingly, the greatest AEI was
associated with soil disturbance and access to newachieved with low C/N on the soil surface. Since the
organic resources. The second phase was the springamount of C added to organic amended plots was more
and summer growth period from the time that soil or less standardized across organic sources (plant or
temperatures reached 10 until the end of the ex-  compost), the AEI was related inversely to the C/N ra-
periment. In the current experiment, there was a sharp tio of the material Table ). While that might suggest
increase in the relative rate of soil respiration over the N limitation effects, it could also be determined by
first 350 DOy (from mid-December to early March) the nature and degradability of the available materials,
in plots amended with alfalfa, suggesting stimulation alfalfa and wheat straw. As labile resources declined,
of copiotrophic microbes by introduction of labile the EI declined. In our previous studies, in which the
resources. During this period, there was no apparentfood web was continuously primed by root exudates
effect of exposure of organisms to new resources as athroughout the growing season, the abundance of cp-1
result of soil disturbancer@ble 3. nematodes and the El were maintainéergis et al.,
In this experiment, the applied organic matter did 1996b; Ruess and Ferris, 2002
not always increase the relative rate of soil respiration
during the spring and summer months, but incorpora- 4.2. Drivers of succession among the
tion of material had a significant effect. There were nematode fauna
few differences among plant materials with different
C/N ratios but, consistent with the nematode popula-  Disturbance of soil usually results in an increase in
tion data, greatest relative soil respiration rates were microbial biomass. Such increases due to tillage are
measured in plots in which low C/N alfalfa was incor-  well-documented and are ascribed to incorporation of
porated into the soilMable 3. A blend of wheat straw  organic residues into soil, disruption of soil aggre-
and compost increased soil respiration over that of the gates, exposure of organic matter to microbial colo-
control plots, but alfalfa increased soil respiration to a nization. These events are often associated with an
greater extent than low C/N compost. We suspect that increase in soil respiration and a net loss of carbon
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@ 0.00012 enrichment-opportunist nematodes. However, this
C r* = 0.49, P<0.01 flush will be brief unless the provision of labile C
(0] . .
% 0.0001 4 compounds is sustained, for example, by root exu-
f;i dation. The rate of change of the Bal indicates rates
Z 0.00008 4 of succession from enrichment to general-opportunist
g bacterivore nematodes. Two of the factors that govern
£ the succession are the rate at which labile resources
= 000008 ' ' are declining and the longer lifecycle and lower re-
45000 55000 65000 75000 g )
(A) Aggregate Enrichment Index productive potential of the cp-2 nematodes. As_a
consequence, the Bal was lower across all sampling
@ 0.00012 periods in the low C/N-amended plots than in the un-
© .
o 2 =032 P<0.05 amended controlHig. 5A). It is useful to reflect that
§  0.0001 14 these indices have both a numerator and denominator
5 A A and that an increase in the index does not necessarily
Z 0.00008 4 Y A A indicate an increase in the numerator of the index. In
g Aa, this case, the index in the amended plots is low be-
= cause the abundance of cp-1 nematodes was initially
0.00008 o o T in those plots(g. 6B). The rates of
0.025 0.03 0035 004 0045 0.05 0.055 g_reater In those pc_) ©. ) ). The rates o succgs-
(B) Channel Index Slope sion among bacterivores (i.e. the slopes of the lines)
were relatively constant in all treatments.
80000 Where organic material is supplied to fallow field
E 70000 { r? =0.51, P<0.05 At plots, we expect that the rate of succession to fungivory
£ 60000 - A will be similar across a range of types of organic in-
w § put, with differences in initial rates determined by the
T~ 50000 nature of the input. If the rate of succession is similar
S 40000 - for the mineral fertilizer plots and unamended plots,
< 20000 . . . that may indicate breakdown of old roots and residual
2 25 3 35 4 organic sources in those plots. The rate of N miner-
(C) Cumulative Soil Respiration alization should reflect community structure and ac-

, o _ _ tivity. As succession occurs among nematode guilds,
fF'g' 6. Relationships between structure and function of the Soil w1 oho1d be reflected in the ecosystem function.
ood web as indicated by nematode faunal analysis: (A) relative . . . .
rate of N mineralization in relation to the aggregate enrichment We expected that in treatments with limited readily
index; (B) relative rate of N mineralization in relation to the rate of decomposed material, the succession from bacterial
succession between bacterivores and fungivores as indicated by theto fungal decomposition would occur rapidly, result-
rate of change of .the chaqnel index; and (C) relationship bet.ween' ing in a steep positive slope of the linear relationship
:Zzpai?e?t;’ggate enrichment index and assessments of cumulative so"between Cl and time. Consistent with these expec-

' tations, and results from other studieRugss and

Ferris, 2002, the succession from bacterial to fungal
from the soil {/an Veen and Kuikeman, 1990; Hendrix decomposition was accelerated by the addition of C in
et al., 1998; Fu et al., 2000 Addition of readily complex, less-labile forms. The rate of succession to
decomposed organic materials, particularly those of fungivory was greater with high C/N wheat straw than
high N content (low C/N), also fuel microbial biomass with low and greater with aged compost than with
growth and a resultant increase in enrichment-oppor- low C/N alfalfa. It was greater in plots amended with
tunist nematodesEttema and Bongers, 1993; Ferris wheat straw than in the control plots, which received
et al., 1996k no organic inputs and were predominated by gener-

Labile C compounds in most organic material are alist bacterivoresKig. 5. The rate of succession to
decomposed readily by copiotrophic bacteria. Their fungivore predominance was similar in plots receiving
activity is accompanied by a concomitant flush of ammonium fertilizer and in the no-input control plots,
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suggesting that the organisms were not N limited mediated by bacteria and fungi, the AEI provides a
and that C was the rate-determining component in useful and measurable indicator of the state of these
succession. processes. Greater amounts of N are mineralized when
We expected to use the PLFA data to validate our a higher AEI is maintained through organic input
assertions about changes in the nature of the organicmanipulation. Those treatments that sustained higher
substrate and consequent succession among functionalevels of cp-1 bacterivores released N at a greater
guilds of nematodes. Rather than increasing, however, rate and presumably would sustain plant growth more

the weight of fungal PLFAs decreased with time.
Also, there were higher amounts of fungal PLFA in
the treatment receiving low C/N material than in those
receiving high C/N material. These results were coun-
terintuitive and contrary to the conventional wisdom
of the effects of organic matter on soil organisms and
on the time-course of decomposition. It is possible
that taxa within the functional groups of decomposers
indicated by the PLFA biomarkers differ in their
importance and activity in decomposition so that esti-
mates of total biomass do not reflect activity. Also, our
PLFA determination period in July may represent a

readily. The more rapidly that decomposition switches

to fungal pathways (higher values for the CI slope),

the smaller the amount of N mineralized? (= 0.32,

P < 0.05) (Fig. 6B). With higher C/N ratio materials,

or more recalcitrant materials (aged compost), where
the succession rate was higher, the rate on mineral N
release was loweiTable 4.

Treatment inputs that generated higher soil respi-
ration generally resulted in an increased AEI, with
a significant linear relationship between the two
(r2 = 051, P < 0.01) (Fig. 60. The inputs that
enhanced biological activity in the soil also enhanced

point in time when the fungal mass has been depleted AEI, which in turn was associated with a greater rate
by the high numbers of fungivores. We speculate that of mineral N release.
the differences in response to the treatment inputs of The rate of supply of N from decomposing organic
succession among bacterivores and succession frommaterial can be a growth- and yield-limiting constraint
bacterivores to fungivores are related to the nature of in organic and low-input production systentse(ris
the resources and life history characteristics that drive et al., 1996b; Clark et al., 1999; Poudel et al., 2001)
each nematode guild. In the case of bacterivores, theWe believe that functional guilds of bacterivore and
cp-1 and cp-2 guilds are utilizing the same resource, fungivore nematodes are indicators of other organisms
which itself is undergoing successional changes from with similar ecological function. Since the nematodes
copiotrophic to oligotrophic forms. In that case, ne- are readily measurable, they can be used to monitor
matode succession may reflect the life course durationthe effects of soil management. For management of
and fecundity of the nematodes guilds. The succes- soil fertility in systems driven by organic input, it
sion to fungivores reflects a gradual shift in resource may not be sufficient to maintain or increase levels
availability to two nematode guilds. The resources of bacterivore and fungivore nematodes. It may also
available to fungivores are greatest for those inputs be necessary to manage cp-1 nematodes selectively
with a greater abundance of complex carbon com- by frequent supply of labile inputs. In other words,
pounds, so population increases with those inputs. it may be necessary to keep cp-1 nematode guild
dynamics primed with continued or regular input
rather than allowing succession to guilds that indicate
lower mineralization potential and lower levels of soil
The rate of increase in cumulative mineral N fertility.
through time was linearly related to the ABI?(=
0.49, P < 0.01) (Fig. 6A). Here it is important to
avoid inferring cause and effect. Although we know Acknowledgements
that bacterial-feeding nematodes do increase the rate
of N mineralization in soils, it is quite likely that much Dr. K.M. Scow kindly conducted the PLFA analy-
of the mineralization is due to the primary decom- ses. We thank Drs. Mario Tenuta and Inga Zasada for
posers. Since both N mineralization and nematode technical assistance and advice, and Dr. Shenglei Fu
dynamics are a consequence of substrate dynamics agor assistance with statistical analyses.

4.3. The function of N mineralization
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