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Abstract

RunLill in Mediterranean climates nsau atiect SOil microbial is rocesses and cornmuttit:es ditietenti’ n aericul:url a, crasaland soils,

exraiored the hypothesis that land use ntensrfication decreases the resista icc m:crohiat community composition and :ietii ;ty

ui’5 ti i S ar c rhr r C irid rn rr rn ‘s I nd-n air n i rohr,.t o Il L’. Spr r. i mu cli mr ired i a

and agrIcultural ecosystems. the California ecosystems consisted of iwo paired sets, annual vegetable crops and annual grassland in Salinas

Valles-, and perennial grass agriculture and native perennial grassland in Carmel Valley. Soil types of the respectie ecosystem pairs were

derived from granitic parent material and had sandy loam textures, intact cores (30cm deep) were collected in March 1999, After

equilibration, dry soil cores (approx. — 1 to —2 MPa) were exposed to a simulated Spring rainfall of 2.4 cm. and then were measured at 0, 6,

24, and 120 is after rewetting. Microbial bionsass C (MBC) and inorganic N did not respond to rewetting. N20 and CO2 efflux and respiration

increased after rewetting in all soils, with larger responses in the grassland than in the agricultural soils. Phospholipid fatty acid (PLFA)

profiles indicated that changes in microbial community composition after rewetting were most pronounced in intensive vegetable production,

followed by the relict perennial grassland. Changes in specilie PLFA markers were not consistent across all sites. There were more

lmtr ran: nir hi irrup JaOr.iditl ril PLF\mirknr “a.i ira i hm 0rtai at r Lift

responses of rntcrobial commumties niav be related to the dtlferent plant specicre contposttron of the grasslands Ac rtculturrd intenurticatron

apeared to decrease microbial dir ersits, as estimated from numbers of individucl PLR\ identified Fr each ecosystem, :tisd reduce resistance

to-chance itt microbial community composition after rewetting. In the agricultural syStems, reductions tn both the measures- of nicrohrai

Bvcrsitv and the resistance at’ the microbial communtt composition to chance at’tcl S perturhatton were cssocinc1 wtth tower ecoss Stern

fdnction, I tower microbial responses to increased moisture arailability.

© 2005 Elsevier Ltd. All rights reserved.
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soil F w:th:n sosl att’grecate.s (Six eta)

1998). Soils under long©erns culti.vation show

significant reductions between 3O—5O% of native soil C
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agr:c.ultural and grassland soils support dit:tinct microh::jl

communities that are c.orrelated with factors that define soil
quality, suggesting that land use history and the associated

soil quality influence microbial community composition

(Calderr1net :tl,. 2000t Sleenwerth et al., 2003).

As land use intensitic ation increases and soil qualits is
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organisms will decrease (Swift et aL 1996). and the
resistance and resilience of a community to disturba..nc.e
both decrease because fdwer orgarisms exist that can adapt
to the disturbance in agricultura.l soils, the microbial
community has typically been exposed to long-term and
frequent soil disturbance. in comparison to gra.ssland soils.
Agricultural soils therefore may have lower diversity.
different composition of soil microbial assemblages, and
less resistance to changes in composition and activi.ty than
gras.siand soils when exposed to a short-term. perturbation.

Wet—city cyc.ies are short-term perturbations that can
increase the availability of both C aad N substrates in soils
(K.ie.ft et al,, 1987) as well as elicit dynamic responses from
soil microbes in terms of N mineralization, nitrification,
denitrification, efflux of trace C and N gases from the soil,
and community composition (Davidson et aL, 1992;
Lundquist et al.,, l999a,b; Panek et aL, 2000). Microbial
biomass, respiration, and soil concentrations of dissolved
orgaric carbon (DOC) also can increase rapidIy after
rewetting dry soil (Lundquist et aL, l999a). In addition,
rewetting can result in microbial stress because it causes
rapid changes in microbial osmotic potential, resulting in
cell lysis (van Gestel et al,, 1.992).

To examine the relationship between land use intensifi
cation, soil microbial communities, and their activity, a
short-term perturbation of soil rewetting was applied to two
pairs of grassland and agricultural ecosystems on similar
soil types in the Central Coast region of California,
Distinctly different soil microbial communities were
known to be associated with each type of land use
(Steenwerth et al,, 2003), The responses of C and N
dynamics and microbial community composition to the
short-term perturbation were measured to determine (I.) if
alterations in soil microbial community composition may be
concomitant with changes in C and N dynamics after
rewetting, (2) if the.re were divergent responses in soil
microbial communities among grassland and agricultural
ecosystems, and (3) if intensive agricultural management
resulted in less resistance to change in microbial community
composition and activity.

in March 1999, intact soil cores were taken from
perennial and annuaI grassland ecosystems and agricultural
fields representative of typical land uses in Ca.iifornia’s
Central Coas.t region. Four sites were chosen from a survey
of 42 sites with different land use history and land use
intensification in Carmel and Salinas Valleys, Monterey
County, CA, USA in relation to soil characteristics,
management (e.g. application of fertilizer, irrigation,
herbicide, tillage, grazi.ng), and microbial com.mun.ity
cDmposttlon (Steeravcrth ci al 2003) They ssere selected

Table I
Sod charactenst3cs of ecosystems in Salinas and. Carmel Valleys

Salinas Vslley Cannel Valley

Salinas Salinas Cannel Cannel
Vegetable AnnOrass A.gPerGrass Perciraas

Sand (%) 72. 695 62.5 6211
Silt 1%) 20 2311 28 22.
Clay (1) 8 7/) 95 15.5
l3olk Density 1.44 040 015 1.06
(g can 3)

Exchangeable-Ca 15/) 1.05 93 IS
(me0. 100cm

3)

Exchangeable-Mg 118 06 3/) 04
(meq 100 em
Exch.angeahle-K Li 00 0,7 015
(meq 100 em 3)

pH 735 613 IS 5,6
% C (g cm3) 026 177 024 2.111
11 N (g cnci3) 014 016 012 010
Total PLEA 107 318 12.9 391
(pgg

This is a subset of data from Steenwerth et at, 2(8)3.

because their microbial communities were representative of
those associated with the specific grassland and agricultural
ecosystems on the same soil types in the region. Two pairs’
of grassland and tilled, agricultural fields were chosen that
shared sandy loam soil textures and all were derived from
granite parent material (Table I). The pair in Salinas Valley
was composed of ecosystems dominated by annual plant
species, whereas the pair in Carmel Valley consisted of
ecosystems dominated by perennial plant species. The two
sets of sites were 25 km apart.

The Salinas Valley sites were on Chualar sandy loam
soil (Fine-loamy, mixe..d, thermic Fluventic H.aploxeroll)
and consisted of irrigated vegetable production vs. cattle
tirazed annual grassland. The conventional vegetable field
(‘Salinas’ Vegetable’) had supported two lettuce or cole
crops per year for more than 50 y, expe..rienced year-round
cultivation, irrigation for several months’ per year,
fertili.zers ( lOO—300 kg N ha t) and frequent herbicide
and pestici.de applications. When intact soil cores were
removed, lettuce seedlings were present in the vegetable
field i.n the ann.ual ecosystem pair. Prior to planting the
lettuce seedl.in.gs, it had been fallow since the previous
Fall, The annual grassland (‘Salinas AnnGrass’) supported
exotic European annual grasses that senesce after setting
seed in spring. They were grazed yearly under a seasonal
rotation regime.

In the Carmel Valley, the paired g.rassland and
agricultural sites were on Gorgonio sandy loam
soils (Sandy, mixed, thermic Fluventic Haploxeroll). The
land uses were perennial grass agriculture (‘Carmel
AgPerGrass’) and native. perennial grassland (‘Carmel
PerGras.s’). In ‘Carmel AgferGrass’, purple needlegrass
(Nds,cella vulchra (A. hi.tchc.) Barkworth) was grown for
seed production, and was irrigate.d intermittently during
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peak plant growth periods. Three years prior to core
extraction, it had been planted in perennial hunchgrasses.
and had been cultivated fur grain crops for several decades
beforehand. Carmel PerGrass’ supported relict perennial
hunchgrasses, native annual and perennial forhs, and non
native annual grasses, Soil cores were only removed from
areas directly under N. pulchra. Grass species at’Carmel
AgPerGrass’, ‘Carmel PerGrass’, and Salina.s AnnGrass’
sere in the reproducrise phase of Spring growth when the
cores were removed.

The legion has a Mediterranean climate. Rain typically
falls during the late Pall through early Spring followed by
a summer drought. Precipitation from Pall 1998 to Spring
1999 (i.e. September--March) preceding soil core collee
non was 320 mm in Salinas Valley and Cannel Valley.
while the average precipitation tor the region is 520 mm
(Cook, 1978). Spring is warm (mean daily maxima
between 16.3 and 22.2 °C during March—May) with inter
mittent rainfall.

2,3, Soil sampling

Over 2 weeks in March 1999. 16 cores were collected
from each site by driving PVC pipes (30 cm deep X 1 5A cm
dia.) to a 30 cm depth in the ground. After removal, the soil
cylinders were immediately transported to UC Davis and
stored in a greenhouse with controlled temperature (mean
daily maxima of 22 C). Immediately after arrival at the
greenhouse. aboveground plant material was clipped and
any litter was removed from the surface of the cores.

Soil moisture retention curves were determined using a
ressure plate apparatus. During the soil equilibration

period, soil moisture within the cores was maintained
between —0.55 and --0.70 MPa by watering two to three
times per week, as monitored vith tensiometers (Soil
Moisture, Inc., Santa Barbara. CA) until the experiment
began in July 1999.

At the begi.nning of Jul 1999, the ha..sr.s of the oil
cores were sealed with. an acrylic plastic impermeable to
02 and watering was ceased, causing the 0—12 cm layer to
dry to approximately 1 .0 to —2.0. MPa. Cores were then
cqui i.ihrate.d. to temperature and relative h.urnidit,y iou
growth chamber for 7 d. before the initiation of simulated
rainfall. ‘Die growth chamber was mantatne at 25
70% re.iative humidity. and.’ ambient CO 0350—370 1d 1
to simulate Spring conditions in the Central Coast region.
Cores were re-wetted slowly with 445 ml distilled water
over a 6 h period to simulate 2.4 cm rainfall, which is
equivalent to a single large rainfall in the region.

After gas measurements were collected, soils cores were
destructively sampled from 0—6 cm at 0, 6, 24 and I 20 b
after rewetting started. Microbial hiomass C (M.RC) was
determtned by fumtgalion extraction (Brookes ix al. 1985:

Vanc.e ix ci.. 1957). Organic C in the .K.2504 extracts was
measured ha analyzing diluted extracts (1:1(1) on a Phoenix
$000 automatic analyzer tDohrmann [Tekmar—Dohrmann],
Manson, OH) according to the method of Wu ci al. it OPO).
Soil microbial biomass C s as calculated front the
relationship: hiomass C = Eç/k’ ((03 = [organic C extracted
from fuintgutcd sOIl -— i_organic C extracted from non-
fumigated soilj; k=0.45) (Wit et tif, 1990: Joergenscn,
I u9oJ .‘oil respiration was measured by placing soil fl
sealed bottles and measuring the hcedspace C02—C
concentrat:on after 60 mm. Inurgantc N was extracted
with 2 M KCI. Nitrate (N0 — N) and ammonium
(NH)’ —, N were analyzed with a Lachat Quick Chem 11
Flow Injection Analyzer (Zellwegger Analytical, Milwau
kee, WIt. Gra.s imetnc moisture was determined after dryins’
soil at 105 “C for at least 48 h. Potential net N minerahz
ation was measured during, anaerobic incubation (Warms’
and Rreinncr, 1964), Effluxes ofN20-N. NO-N, and 00,-C
were measured in situ on capped cores (Folomunso and
Roiston, lO)t4), Samples fOr N’,O were analyzed on a HP
6890 gas chromatograph with an ECD detector. COD-C
efulux was analyzed with a gas chromatograph (HP 5890A
with TCD). NO-N flux was measured immediately by
chemiluminescencc (Sievers Instruments Model 270B
Nitric Oxide Analyzer. Boulder, CO). NO-N was not
measured before rewetting as it was assumed to be
negligible due to low soil moisture content (Meisner
et al. 1997).

Bulk density and gravimetric soil moisture were
measured in each soil core during destructive sampling.
Soils were then air-dried, large roots (>1 mm) were
removed with tweezers, mid soils were sieved <‘2 mm).
Rocks > 2 mm were weighed. Sieved soils from each site
were analyzed for pH by saturated r,aste (uS Salt nitv
Laboratory, 1954) and particle size distribution (Gee and
Bander. 197%, Total soil C and N were determined by
combustion Pclla, 1990). Texture. pH, and % total C and N
were measured by the Division of Agriculture and Natural
Resources Analytical Laboratory at the Urns ersity of
California, Davis,

A separate set at sa.nspie.s was s:muitaneousiy atstainea.
from each core (Or P.LFA. analysis from the 0—a cm depth of
each so: I core. ‘ ..is soil was stored at —— 3))

extraction.. itrimediate.ly before. PLFA analysis, soil from
cacn trozen sample. was mixed. and all visible root.
frag,m nix w-ere removed with tweezers. Three subsam.pies
were analyzed core. sixi’pl A sample was also taken [or
gravimetr:c moisture by dtying soil at 105 “C for 48 h.
Soil samples 03 g dry w[..m were extracted using a mnodilied
Bligh and [)ver (I 059) method as described in Bossio and
Scow (1905 t. Total extractable Pl_.FA provides a measure of
microbial biomass at each site (Zetles et at.,, 1995).
Assuming that its the number of species increases. the
number of ditt’ercnt PLFA also in.c.reas •s, the num.ber of
detected PLF A he.fore rewe.nint’ was used as an estimation
of mcrohtal dis crsity before perturbation of the
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Salinas Vegetable

o 20 40 60 80 100 120
Hours after rewetting

C

S
—1 (2 (-SPa

biomass than Carmel Valley sites, which can be attributed to
the larger biornass of ‘Salinas AnnGrass Plant biomass
was oreater in the grassland than agricultural site of each
valley pair, and species diversity, richness, and evenness
were greatest tn the crassiands.

3,2. C and N dynamics in Salinas Valley annual ecosystem.s

Soil moisture c hanged significantly after rewetting in
Ii ‘ n,, C It_ cST I

Olas imetnc soil moisture was similar in the- ‘Sainas
nd ‘Salinas AnnCrass soils: for 00th soR.

vs-at_er potonrial thS,) was about 20 MPt_. During
reweitino, water pooled on the ‘Salinas AnnGrass’ soil
surface, which had a dense, hydrophobic mat of dead roots
and root. litter that is typically present in annual grasslands.
‘Salinas AnnGrass’ lied greater ravimetric soil moisture
than ‘Salinas Vecetable (20<0.05) and tended to have
bother 141

Microbial biomass C did not change significantly with
lime in either Salinas Valley site in response to the
addition of waler Tables 4 and 5). MBC in ‘Salinas
AnnGrass’ was I .5-fold greater than in the ‘Salinas
Vegetable’ soil (P < 0.05). Total PLFA was approximately
7-fold figher in the ‘Salinas AnnGrass’ tha.n ‘Salinas
Vegetable’ soil,

TabO 4

a-nd bo0 ,ahla’a and -o’’cidc Pt_-PA

aliet_ Line t_,.s’Oiem <.os’s i”ro -.

(Valley.) Time (VaUnt_i

C-variables
Microbial biomass C1’ 1’ NS 1’1’ NS
Total PLEA. 5-a NS VS
Microbial respiranorC’ VS a a as sass ass

N20-N eCu VS ‘-“ VS N’S
NO-N “fflx5 VS VS
PtYAs
18:lrnbc VS NS ‘““ a

16:1 sOc VS VS
tlrancbed PLEA N-S

1st,, ii nisitir.ite.i ‘

aOiir,iicd

5g....- 005. asp <OLI aasp<0 . aaap<Qflij VS not signitican.
a ‘Valley’ refers to Carmel or Salinas Valleys, ‘Ecosystem’ refers to

gras-stand or agricultural ecosystem. ‘Time’ refUrs to 0-, 6, 24 or 12.0 5 after
rcweniai.

a- [lao have been iracsf’nrmed h-y lnrr-i

P20 e
003 MPa e / —003 MPa

S’S 4
SO ‘

‘ -,

: IdEa -S ‘bIPu

—-5 ---

-1MPari’rr’sr”r’ uSOO

0 20406080100120
Hours after rewelting

Carmel AgPerGrass
o r1s

I “—. -0.1 MPa
oto -

I
-‘l.OMPa

w

ri3rss

0’ 20 40 60 80 100 120

Hours after rewetting

a- 20 .10 an ‘on 120

Hours after rewettinq

Fig. 1 Temporal changes in gravimetrie water content of ecosystems in Salinas and Carmel Valleys. Dotted horizontal line-s indicate soil water potentials that
correspond to a given soil moisture, For a given site, points with different letters are signihcantly different from others INested GEM, P <0.05, and poat-hoc
Tukey’s test, n4, mean NSF at each time point>.



Soil respiration increased immediately after rewetting
and was 3-fold greater in Salinas AnnGrass’ than ‘Salinas
VegetableS (Tables 4 and 5; Fig. 2). Only ‘Salinas
AnuGrass’ maintained a significantly elevated soil respir
ation rate after rewetting through the entire experiment.
Carbon dioxide efflux increased more strongly after
ressettin in the annual grassland than agnculiurai soil, in
‘Salinas AnnGrass’ CO2C effiux at 6 h after rewettmg
reached its greatest rate and then declined gradually through
time. In contrast, a delayed and much smaller increase
occurred in the ‘Salinas Vegetable’ soil.

inorganic N pools and potential net mineralizable N
shoss ed little or no significant change in the Salinas Valle
soils (Tahle.s 4 and 5). Soil NO 1. was 10-fold greater in
‘Salinas AnnGrass’ than ‘Salinas Vegetable’. Soil NH N
was present. at lower concentrations than NOT N. bitt it

us ep-proxtmateic 5 times greater in ‘Salinas AnnOrasa’
‘Salinas Vecetabie’ Net. mineraltzabi.e in

‘Salinas AnnGrasL soil was almost eight times greater
than in ‘Salinas Vegetable’.

Soil effluxa.s of N-sf) -N increased to peak rates
irmnedjatela atrer ressetting. and then decreased to pm
rewetilne rates n both Salinas AnnGrass and Salinas
Vegetable’ (Fig.3). The NO-N flux of ‘Salinas AnnGrass’
was 75-fold greater than the flux observed from the
‘Salinas Vegetable’ soil at 6 h after rewetting. The
‘SalrnasAnnGrass’ soil maintanied this rate of NO-N

toe t.crmiflatjo ii of the experiment. Linear
regression of N,O-N with gravilnetric water content was

signhlicarit for both sites (r5 0.45 for ‘Salinas AnnCirass’,
rb=O.29 for Salinas Vegetableb P<0.05, but linear
regression of NO-N and N20.-N with jig NOT — N m
was not significant (data not shown).

3.3. C and N dvnam,ct in Canine! Va/irs perennIal

Gravimetric soil moisture (Fig. i) was never significantly
different between the (‘armel Valley sites (P <0.05). En both

o 0 Sc 6_r r a
approxmatcly 1.5 to —2 MPa prtor to resvetttnv. Water
infiltrated readily in both soils., and no restrictive iayers
appeared to be present. ‘Carmel AgPerGrass’ tended to have
slightly higher 41,, even though gravimetric water content

a air a’.la., al’

Micrubtal biornuss. as measured ha either atuorittorm
fumigation and eurract ion or Iota) PLFA, did not c.hange
significantly with time after rewetting in both Carmel
Valley .sites (Tables 4 and 5). MISC and total PLFA were

33 imc-s reater i-a Cannel PerUrass’ t han Carat-el
.\ePerOrus.s. sari

Soil respiration increased mntediately utter rewriting
in both soils and remained higher than initial values
through the rest of the experiment. (Tables 4 and 5;
I-ic. 2, although the Carmel PerOrass’ soil respuad
rltrtost teeter us much (‘00 us Tarmel 4,,Per(Crts-s’

40 liSt fl OntO Si irs tnereaseiJ rapt cO a iii

response to reavetting. but the response of the ‘C .irmei

Saline Valley

Man,, ole nda 3 srr,’r,.sf nrtra-a.cn a-nj .,rhor, erd ,,r’eciti,, ‘1.1-5, a ‘‘o.’o ‘a, I’ Scrsi (0.50 -- 1 05. ant anal

Salinas Vegetable

SEa
— 51t

MBC’fggg ‘3
Total PLFA (pg g’)
Resr.ThgCg°hVe
co--c’ ‘:roe

Sr(rget1

lee a

NH4-N’ (pgg .... 5
Net ruin, N’ (pg g’

NO-N (14gm 2h’)
ancyy’ ‘nt’ in

—2

l’I A
101, 5 4 4

Branched 41g . ‘3 0.190 0404 0.190
tOMe (pgg1) 0.053 33)95 0189
18 lw9c (pg 0.059 3.812 0.058
<enpre’ 0010 0.384 0.019
51 ,jn .u s 130 ‘ )‘_ ii

I ‘51

0 3)74
0926
3.022
44 .133

4 58

See .,hie I fur least, a significance, and for differences betaseen vaHeso. Asterr.ks r,dr5,,lc that rnc,,eS .1F5 ,i5fl4iiadflt1Y ernerent between sco.’.asLerns rn sash
valley.

Data have been transformed by ln(x+ I).
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FOr 2. Temporal changes in carbon dioxide effiux and microbial respiration from ecosystems in Salinas and Cannel Valleys For a given site, points withditLrent letters are signitican I di&rent Irom others (ested 6CM p <005 ansi post Fcc V they Ic I n =4 mcdii ± SE at each time point)

AePerGrass’ tended to he somewhat lower than that of
‘Carmel PerGrass3 Elevated rates occurred in both sites
between six and 24 h and then declined from 24 to 120 h
after rewetting.

inoreanic N pools and net mineraitzable N of noth
Carrnel Valley sites did not respond to rewetting (Tables 4
and 5). Soil NO)’ N of ‘Carmel AgPerGrass’ was
aptrroximatelv 3O1d creater than in ‘Carmel PerGrtss’.
which may be at.tributatfle to the. fertilizer appi.iedby the
grower (27 kg.5.i. hat) jL.st before the intact soil cores
were extracted. No sipn.ificant. differences, in NHt N we.nr.
(bend between sees. aithouch it was present at ranch iows.r
concentrations than NO)’ N in 120th Cannel Valley Sites.
Net mineralizable N was almost 2$old greater in ‘Carmel

r ill 4jeff ss

TOte flux of N.eN increased 2.5fold tn ‘Carmel
PerGrass’ after rewetting (Fig .3). In ‘Carmel AgPerGrass’,
NON increased from undetectable amounts to siniilar
rates as tn ‘Carmel PerOrass’ soil between 0 and 6 h after
rewetting. The eftiux m both sites then declined to pre
wetting rates thereafter. Efflux of NON from ‘Carmel

ii rass ‘ so tncrca.sesi Os’ t’wee n and 0 12 altec rcw’ett 050
Whtie N0N cillux dtd not change sigittlicanhly in ‘Carmel

PerOrass. the masinitude of the 520324 el±iux tended to be
similar for the gras.siand and agricultural soils, Line.ar
regression of N20-N with grasimetric water content was
signincant for each site (r° 0.31 for ‘Cannel PerUrass’.
<4 io ‘Carmcl \oPer(rass P500.05. but ltnear
regression of NON and N2ON with pg NO3N’ m 2

not significant (data not shown).

Si. tee score analyzed se 1’ y to better detect te mpse
usi ne a CCA constr.it’seo for time s;i ace

rewetting (Fig. 4). The fl’.rst two axes of t.he. CCA
explained 63,132 of the variation in. PLEA in ‘S’alinas
Vegetable’. folIo wed b 5.5,032 In Carniei PerGras
15.30. xii Cannel AgPcrGrass, and 22.632 in ‘Salinas
AnnGrass’. PLEA profiles that were sampled in dry soils
before rewettirig (0 h) differed significantly fritrit those
after tess clone ti the ‘Carmel PerGrass’ and Satxnas
Vegetable’ soil.s (Monte Carlo tests, P <0.05). PLEA
profiles measured in dry soil from ‘Carmel AgPerGrass’

I grx i v hut .sten tea tie di tOrrent t. dii. / 0.00 .1
trout pruilics in the ss etter soils. ‘the microbial community

Co 4.
E

C’,
Pa
(j

5;

x+ a

‘5...
‘xc.

.. x

“1
Hours after rewettinni

Microbial Respiration

.00015 alter lewetting

1

0 2040 60 80100120
Hours after rewetting

A Salinas Vegelabe

Salinas AnnGrass

0 20 40 60 80 100 120.
Hours after rewetting

V Cannel AgPerGrass

FJ Camel Perbrass



K.L. Steenwerth et’ at. / Soil Riotogy S Btoche,ntatr 37 (2005) 2249—2262

C.

+3

; 1

5 y

4
1

3 0\
57

Hicu:s after rewettinq

It 21 40 00 50 100 120
Hours after rewetting

V Crne1 iePerGrass

El Cat mel PerGrass

Fic.3. Temporal changes in itirrous oxide elfiux and nOne oxide efikix from ecoss stem’ in Saline. end Carmel Valleys. For a given site, points with ditt3rrmiiCtivis or sicnihc niIy lilkrr or from other tNested GLM P I) Q’ sod “1 1 1’o ‘I it t o i ceo oE .11 ci ri tim poiittj

of ‘Salinas Vecetabie’ soil responded most strongly to
rewettintr: not only was its composition in driest soil
significantly different from other sampling times, hut later
samples (i.e. 6 and 24 hi also were considerably different
front each othc-r tMonte Carlo. P <0.05. Microbial
communities in ‘Salinas AnnGrass’ did not show a
re.sponse to rewettinc.

I 91 1 0 \ .010 .
‘ iri c s vet..

associated with. microbial communi.ties at certain times after
rewettinc .Ali PL.F.s-3 mc.ntioned below had loadints scores

reater than It). and were associated with ames that were
significant in explaining variation i.n the PLFA data se.t.

in ‘Salinas Vc. tetable’. ac:tinomycetes (.i.e.. thra
I Uric I 8:0. 7:0 1 OMe) Kroppenstedt, 1985). and Graim
negative boo teria (i.e. 1.6:1 20ff) (Fec erie, 1986; Ludvigsen
ci . 1900) had relativeir higher abundances hefrire
rewetting, Six hours after rewettlng, 17:0 anteiso and 16:0
lOMe svere positively associated with microbial commu
nitiec. Fungal and general eukaryotic markers (i.e. a mixture
of 18:1 r,,7c. 18:1 mOt. 1$: I tol 2t and 18:1 w9c). Grarm
negative bacteria (i.e. 16:1 w7c), 15:0 anteiso, and general
bacterial markers (i.e. 14:0) iTrinlid and White. 1092:

crs or rI.. 100 were positively associated with

microbial communities at 24 It after rewc.:tints. 16: 1
m1so associated svtt m icrobtal communities 34 h after
rewetting, is found in some bacteria (Olsson, 1999).

In ‘Carmel PerGrass’, fungal markers (i.e. a mixture of
18:0 antctso and 8:2 wfidOc: 18: 1 w9co a mixture of two
unknowns and 19:Ocy to iOe had hi.gh positive loading
scorer alonc ASts I bc.fore. rcwcttrnc. After roe etti.nt.

mntumtres or3.arrne!. Oorttc., 07.3 relative
greater abundance: of PLFA markers for Gram..positive

st — ..,

rot flOlfl \.ce( .o. ibsa I Owe) : 1 7:0 t it Ms )tKrr l5 S

stedt. 19315). 17:1) IDMe has also been identified as: an
anaerobic bactg.rial marker (Vesta and Win Ic. I 959-), In
Carmel ..91sberGrasr. Grata-negat i vs. 9 uc.:crbs 6:

20H) (.l1ederie, 1986: Ludvirsen et id, 19931). fungal
markers i.e. 15:0 anteiso and 18:2 ‘j6.Oci F-cderle. 1080,
Ms CiS et .I.. 204)1 . general bacterial markers tie. 14:0)
(Furlild and White, 1992; Myers et al., 20011, and 15:0 iSO
had rclatt voL greater abundances ill titiorobitti colnmunltle’,
before rewetttng than alter rewetting. Other euknirvot:o
and fungal markers (i.e. 18:1 w7c, 18:1 roth, 18: 1 tel 2t and
18:1 .s9c, and a g.ossihlo. sulfate. reducer (i, .7: 1

ii . Z00ilrr tended to how greater abundance5

y
4b
ft

a4
4 a

Hours after rewettrng

NON Efflux

T

Ix
.

+

0

Wa

(1 20 40 60 80 100 120
Hours after rewetting

A Salinas Vegetable

9 Salinas AnnGrass
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Fin. 5. a—i;’ CCAs ot soil microbial community composition of ecosystems n Salinas 5110 (/5/net Salles Microbial communutic’ lOf a i_oven time arc
indicated by a number, eg mtcmbial communities at fib after rewetting are represented by 6 limes that are significant itt explaining variation in the
microbial comtnunity composition are indicated by vectors tMonte Carlo, P0005) Ellipses distinguish soil microbial communities that are associated with
vectors. En (c), the ellipse is formed with a dashed line because the vector associated with soil microbial communities at time zero approaches significance
(Monte Carlo, P006).

in microbial communities after, rather than before,
rewetti ng.

When individual PLFA markers were analyzed by
ecosystem within each sailer with ANOVA, crassiands
were different from cultivated sites and some temporal
responses to rewettitsg were observed (Tables 4 and 5) 1.n
most cases, concentrations and ratios of specific markers

etc reater for the Salinas Valley, hut this was attributed to
the birth values in ‘Salinas AnnUrass However, the ratio
I 7cy;pre was greater in the Carmel Valley compared to
Salinas Valley, and the fungal m.arker 18:1 w9c was not
.signiflcantly different. In both valleys, the grasslands had
e waler values lot speuttc PLFis markers than their
c000te.i-r-an agricultural ecosystem This was true in all
cases, except the sum of lOMe PLFA and l7cy:pre, Both
were greater in ft.arme.l A.gPerGrass’ than ‘Carmel
FerCitOss <iso, the propomon of nsonounsaturated:satu

5 Sc_C 0c 0
Saiin.as AnnGrass, w bile in ‘Salinas AnnGrass’ th.e

proportion was rel.atively even, The interaction of Eco.sys
tem5Tttne t Valley was significant iTahie 4) for the ratio of
monounsaturated:saturted PLFA. indicating that the eco
systems in each valley responded distinctly from each other,
The ratio of monounsaturated:saturated PLFA decreased
stonificantly after rewettin for ‘Carmel PerCirass’ and
increased for ‘Salinas Vegetable. It remained constant 1_or
the ‘Salinas AnnGrass’ and ‘Carrnel AgPerGrass’ (Fig. 5),

‘[‘he ratto of 17 cy;pre (16:1 w7c i, was significant for time

(Tahle 4). and decreased immediately after rewetting in the
‘Salinas AnnGrass’ and ‘Salinas Vegetable’, hut not in the
other sotis He.5• t. The fungal marker iS; i wOe decreased
after reaettlng only in ‘armei PerGrass’ Fig. (it

Estimates of microbial diversity indicated that •both
grassland ecosystems had greater diversity than their
agricultural counterparts. Grassland ecos stems had
approximateix I 5—ft-fold more individual PLFA than
the agricultural ecos’islems in 4 1’ <005). The number
of .PLFA detected in ‘Sa.hnas Vegetable’ was 232
while in ‘Salin.as AnnGrass’, the number of detected P1...FA
was 42< ((1. in ‘Fart_oct <ePertdrass’, the number

—
-.

Thus, t.he te.n:porai diffbrcnces In microbial commun:ty
composition a.nd In specific PLEA at were observed after
sod rewv’t1;ng erg dilicrent bet ‘seen sites. and were unit

wnen the o’/c_ma;rt <leers ui 0,11(1 ass’
not included in the analysis

3. 1)iscusson

Unlike other soil rewetttng experiments (Sparlinp and
F 1 c’

able N, MBC anti total PLFA showed little cr no response to

(b)’Salinas AnnGrass’

(C) ‘Carmel AgPerGrass

120
24 120

—02 ‘0’ ck C, 2
120 15,5%

120
24

Id) ‘Carrnel PerGrass’

120

-z
24 -c

0

49 950
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the apnlication of water. Although the absence of microbtal
biomass response to rewetting opposes other findings, it was
consistent with a study that showed a high stability of
microbial hiomass at 24 Ii after a mild rewetting of dry soils

(Putrh0[ ci aT 200 a Also. our reavettinac ecent avas not as
extreme varr L/tcr studies (van 0ei yr aL, 993a Appei,

)95 Magid et aL, 1999; Franztuehhers ci nO, 2000). FOr
example. van tdestel ci al (I 993a) observed increases tn

PLFA Fungal Marker

0 20 40 60 80 100 120
Hours After Rewetting

A Salinas Vegetable

• Salinas AnnGrass

Hears abet Hewetting

1,2

itS 1,1

its IC
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a a C 4

O 20 40 60 80 100120 15 20 40 hO 80 100120
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Salinas AnnGrass (Sa,rmei PnrGrass

Fig. 5. Temporal changes in PLFA markers for C availability and microbial ,tress in ecosystems in Salinas and Carmel Valleys. For a given site, points with
different letters are significantly different from others (Nested GLM, F<0.05, and poschoc Tukey’s test, n4, mean ±51/ at each time point).

.,.-.

a

y
s/i

I

aa a a

Its. I cn rca \n toe I 54 1’ ‘ I) 0 ‘cd p t toe cy I cc r - St ci acO I ii ,. p0 I



A. L 5a’zs-,nh r / 5,,et B;O,/v 2252

MBC alter reweltinc, hut the soils were first dried at 40 rp.

to much less than 10 MPa prior to rewetting. Our soils
were d.ried at 25 °C to represent the mild spring conditions
in the Central Coast of California, and the driest water
potentials were. approxima.tely — 1.5 MPa. Nonetheless., our
experiment demonstrates that important changes can take
olace in mierohai activity, gas etliux and community
composition during mild wetidrr e des.

.tItromui rcsmra(nm cod C’dC etiu.r rum 501/

(Irassland ecosystems had greater soil respiration rates
immediately after re.wetting tha.n their counterpart agdcui
tural ecosystems. They maintained elevated rates, possibly
due to greater availability of labile C after rewetting
(van Gestel et al.. 1993a,h; Lundquist et al., 19b9a;
Fran/luebbers ci aL 2000). Greater amounts of available
C in grassland soils can be attributed to higher SOM and
mtcrobial hiomass. ditterences in rooting densities and
rhzodeposition betore core collection, or decomposition 01

roots during the period of soil equilibration. The ‘Salinas
Vegetable’ soil had the lowest respiration rates. which
corresponded to its low MBC and total soil C.

In part, increases in CO2C efflux immediately after
rewetting were due to the displacement of in situ CO2C in
the soil pores by the influx of water (Hillel, 1982; Calderón
et al,, 2002). Thereafter, soil CO2C efflux in the grassland
ecosystems and ‘Cannel PerGrass’ likely was indicative of
continued microbial respiration. e.g. from particulate
organic matter released from slaked aggregates (Denef
Ct ii.. 2001). In contrast, ‘Salinas Vegetable’. the most
disturbed sod, had minimal CO,C efflux arid respiration
rates after 24 h. probably because substrate availability and
lower poots of labile C li.mited microbial activity.

Efflux of trace N gases was expected to correspond to
differences in soil. inorganic N and potential net mineraliz
able N Davidson et al.. 0(fl between grassland and
agricultural ecosystems. but the data did not show a direct
relationship among these. varhabies. Nitrilication was a

N ess rodr n b a
hued. pore. space was. lower th.an that expected for high N20

ios.s via denitrification, i.e. it was bc.tween 50—60% in the
annual grassland soil and 35—50% in the other soils during
the short period of high N20 efflux (Paul and Clark. 1996;
Schk/nning et al., 2003). Although nitrification may h.ave
occurred at high rates in the grassland and agricultural
ecosystems based on N20 efliuxes. N0i — N concentrations
would not necessarily have been expected to increase.
Instead. NOT—N may have been rapidly consumed by
microbtal tmm.obihiation ijackson et al. . l9Xt Burger and

and o/lt inc reuses mao not ha
detesable due to the large ambient NO—N pools.

The lichco NO dims ss as n the annuai grassland. which
tcimded to have the highest potential net mtncralizable N.
Rates of NO e11]ux in the grasslands were within the range
of annual grassland soi.ls m.easu.red by Davidson e.t at
(I 092), High NO effiux is often associated with high rates of
potential net mineralization (Gas idson ci al., 2000) or net
nitrification (Stark ci al., 204.X) and ca.n occur by ahiotic
reaction of I INOO/NO3 to NO \ enterea and R llston.
20ou. Large varitiori between the cores in this study also
suggests t.hat ‘hotspois’ of activity exist {Christenscn et at..
l 000;. espec rally in the grassland soils.

4,3. Microbial r/onimunity COmpO:’;iiiOfl

As land use intensification increases, soil microbial
diversity may de.crease, and mictobial activity and the
re istarce of corrimnni.ty composition in response to a
perturbation may he compromised (Swift et al,. 1096).

r i n I , ‘oa,,i . a’—
and labile C and N pools (i.e. inorganic N, MI3C. total PLFsVi
in the a rcultural ecosystems were lower in conipanson to
their paired grassland ecosystems. suggesting that land use
intensification had degraded soil quality. Agriculiural soils
had lower microbial diversity than grassland ecosystems in
both valleys, as estimated by fewer PLFA that were detected
in the agricultural ecosystems. Themfore, agricultural soils
would be expected to display lower resilience and resistance in
response to soil rewetting. Indeed, microbial communities in
both agricultural ecosystems exhibited alterations in compo
sition after rewetting. This was most distinct in Salmnas
Vegetable’. the most intensively managed agreulturai
ecosystem, Its microbial communities differed at 0. 6. and
24 h after rewettiug. while microbial communities of ‘Carmel
AgPerGrass’ tended to d;ffer only before rewetting and were
similar at the sampling times afterward.. in contrast, ‘Salinas
AnnGrass’ supported high microbial diversity compared to
‘Salinas Vegetable’ and displayed increases in microbial
activity, but did not have sigriflcant changes in microbial
community composition. This suggests that microbial com
munities of les disturbed eco.s.ystern.s like

.
grasslands be

dynamic in temna. of functional resgonses to a ret rurbaton
Net more resistant to c’haures in community composition.

ol ‘Carmei PerGras’r’ tf umiisrur ned

t.i’erenmat ura,ssiaad, contrasnets this argument bee/a
N robiah activ itO and comrnu ni t.y cnmposi.tone (ranged ifl

response to rewetting,. One hypothe.si.s is that di.1 eeru.ces in
plant community composition and divers.ity or life form (e.g..
perenn.ial b nchgrasses vs. annual grasses) in them grass.iands
may influence the response of the microbial communities,
whereas agricultural management practices like Irrigation,
tillage, amid esternal soil amendments may have an oserridmng
effect on soil microorganIsms in agrtcultural ecosS steno.
ifiucklc’,’ and .Sch;n;dt. 1(X)l: Steeimsserth etal.,

Patterns in mic’ohial cs.rnmnuntty compositton in ‘eseo use

A purported‘ indN tom of C as ai lability, the. a tio of
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rnonounsaturated to saturated PLEA (thicken ci al,. 1986:
Kt.ctt -v iL, I n94, increased in ‘Salinas Vecetahie’ sod
utter lewettirle, ueces tinS that an influx of C sources was
provtded to the inic roorgamsms upon rewetung. Even so.

low respiration rates in ‘Salinas Vegetable soil compared to

Salinas AnnUrass’ indicate that C availability in ‘Salinas
Vegetable’ was relatively limited. This ratio remained
constant for ‘Salinas AnnGrass’ and ‘Carmel AgPerGrass’,
indicating less change in C availability to microbes in these
soils Unexpectedly, the ratio decreased significantly
immediately after rewetting in the ‘Carm.el PerOrass’ soil
despite elevated respiration rates at all times after rewetting.
Changes in this ratio may also reflect leaching of soluble C
below 6 cnn Alternatively, the ratio may reflect the activity

of various populations more than actual C availability
because land use history s.ffects the composition of the
microbial community,

Irrigated agricultural soils typically have consistently
more available water t.o support crops than grassland soils,.
which, in a Mediterranean climate, would be dry in the
summer. Agricultural soils might then be expected to
exhibit more stress during a web—dry cycle. In fact, a PLFA
biomarker for microbial stress, the ratio of i7 cy:pre
(16:1w7c) (Kieft ci iii,, 1994: Kieft et al., 1997), decreased
markedly after rewetting in the ‘Salinas Vegetable’ and
‘Salinas AnnGrass’. No change was observed in 17 cy:pre in

‘Carmel AgPerGrass’ and ‘Carmel PerGrass’. Thus,
microbial communities in irrigated agricultural soils do
not appear to be less acclimated to the stress of wetldry
cycles than their grassland counterparts.

In the agricultural ecosystems. some similarities in the
changes in relative abundances of specific PLFA markers in

microbial communities before and after rewetting occurred.
In both agricultural ecosystems, markers for Gram-negative
bacteria were relatively higher in the drier soils rtorto
rewerting. but markers for general eukaryotes and fungi
increased following rewetting. These trends were not
uhscrs-ed for ‘Cannel PerGrass’. in fact, a slightly different
assemblage of tungal markers was relatively higher before
resvetting than afterwards. No significant changes were

observed rot ‘Salinas AnnGrass’, which was- shown in
previous studies to be substantially difle-rent from relict

pe rcrtmal crasrtand’ (Stectiweith et al.. 2003). Thus.
consistent changes in microbial comnm’nit.res and their
responses to a tnt Id reWcttt1g event are t -evident -across
land use types trom. this study Differences in the re-spouse

of mrcrobral coninunitres of each ecosystem may be related
boti specit:c :ns iromncntai conditions and interactions

-f microbes with other soil hiota in response to disturbance.

4.4. (ott-/orson

Although this study included few sites, the ecosystems
and their microbial communities were representative of
these, of these i-and use ty-pe.s in the Carmel an.d Salinas

Valleys (Steen went cm al., 2(X).3). Within this subset,

the results suut.rcsm that land use inmensificanon decreaes

tuicrobral dt crst tv . increases the magnttude of chine
the nicis’ bud community alter silt I rewetting, -and reduces
microhtal acttvtt and soil C and N availability tn response
to increased mosture. In less disturbed ecosystem.
rewertine tended to tricrease the activity of soil microor

ganisms compared to tilled agricultural systems, but with

less consuaent effects on temporal change in the microbtal

community composition. Agricultural intensification thus
appears to decrea-e the- resistance of soil microbial

community compot.- itiori to change after rewetting, thereby
reducing its stability. Thir— reduction in stability is associated
with lower ecosystem function, i.e. lower soil microbial
activity, compared to grassland soils.
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