Dynamics of Soil Microbial Biomass and Activity in
Conventional and
Organic Farming Systems

Nirmala Gunapala and Kate M. Scow*

sept. of Land, Air and Water Resources, University of Calilomia, Davis 95616
phone: 916-752-4612
fax: 916-752- 1552
email: kmscow @ ucdavis.edo

ile: Microbial dynamics in different farming systems

DYNAMICS OF SOI1. MICROBIAL BIOMASS AND ACTIVITY IN
CONVENTIONAL AND ORGANIC FARMING SYSTEMS
N. GUNAPAILA AND K. M. SCOW*
Dep. of Land. Air and Water Resources, University of California, Davis 95616

Summary-- Dynamics of microbial populations during 1wo growing scasons were
compared in soils under tomatoes managed by conventional (2 and 4 yr rotations), low
npul. or organic practices.  Fumigation exiractable carbon (FEC) and nitrogen (FEN),
potentially  mincralizable nitrogen, arginine ammonification and  substrate  induced
respiration werse significanily higher in organic and low input than conventional systems on
most sample dates. Microbial parameters were significantly negatively correlated with
levels of soil mineral nitrogen in the conventional 4 yr system. whereas they were
positively comelated with mineral nitrogen in the organic system. The carbon 10 mtrogen
ratios of nisenal released afier fumigation extraction were sigmibicantly higher i the
conventional than organic soils. In all farming systems. soil moisture was positively
correlated with FEC or FEN, but negalively correlited with the C/N ratio of the naucrobral
biomass and substrate induced respiration. Soil temperature was negatively corrclated with
FEC and FEN. but positively correlated with the C/N ralio of microbial biomass.

INTRODUCTION

Nutnent cycling and energy flow in terrestrial ecosystems are ticd 10 the tumover of
orgamic matterin soil. Although small in mass. the microbial biomass is among the most
labile pools of organic matter and thus serves as an imponant reservoir of plant nutrients,
such as N and P (Marumoto ¢f o, 1982; Jenkinson and Ladd. 1981). The microbial
biomass is a sensitive indicator of changes resulling from agronomic practices and other
perturbations of the soil ecosystem (Smith and Paul. 1990: Doran. {1987). Its size and
activity is direclly related to the amount and quality of carbon and other nutnients available
from plant residues. organic amendments and rool exudates (Fraser ¢f of.. 1988 Adams
and Laughlin, 198); Marntyniuk et al., 1978. Powlson of ol.. 1987). Other factors
influencing microbial populations are soil moisture and temperature (Campbell and
Biederbeek, 1976), physical disturbance of the soil (Doran. 1987). and nterciions with
soil fauna (Beare eral.. 1992).

An undersianding of microbial processes is important [or the management of
farming systems. particularly those that rely on organic inpits of nutnemts (Smith and Paul,
1990). Many studies concemed with the impacts of farm management systems on
microbial population dynamics compare different tillage practices (Duran. 1987 Angers «f
al.. 1992; Carter. 1986). Studies comparing changes in microbial populations resulting
from different amounts and (ypes of organic inputs. but subjected 1o the same ullage
practices, arc fewer. A general conclusion of such studies is the development of a higher
microbial biomass in soils receiving cover crops and manures than in the same soils
receiving only mineral fentilizers (Kirchner ¢1 ul.. 1993: Bolton o7 ul.. 1985: Fraser ot ol
1988: Nannipicn ¢f al.. 1990; Anderson and Domsch. 1989: Powison of ol . 1987. Dosau.
1987).

The Sustainable Agriculture Farming Systems (SAFS) Project at Usiversity of
California. Davis is a longterm. multidisciplinary study that compares the agronomy. soil
fentility. soil biology. pests and weeds, and economics of four Tarm managenient systems
(Temple of d..- 1994: Scow er d.. 1994). A major goal of the project 1S 1o inprove
management of soil fertility and structure through a preater understanding of soil microbial
populations and their activities. The objectives of this study were 10 i) compare the
scasonal dynamics of soil microbial populations and their activity in four farming sy stems:
i) identify relationships between microbial and soil mtrogen paraniclers: and i) determine
relationships between soil microbial parameters and environmental vaniables. Dunag the
growing scasons in 1992 and 1993, measurements were made in tomato plots of the carbon
and nitrogen associated with the microbial biomass. the potential activity ol the microbial
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populations, as well as of environmental varables that maght influence microbual
populations.

MATERIALS AND METHODS

The study was conducicd as pan of the Sustainable Agnculture Farnung Systems
(SAFS) Project. initiated in 1989 (Temple eral.. 1994). 1t is located on 8.1 ha of land
the Departiment of A gronomy Field Facility, University of Califomia, Davis. The soils are
recent alluvial soils classified as Reiff and Yolo loams. The climate 1s Mediterrancan wilh
average summer temperature of 32 °C and winter 8 °C. The majonty of rafall vecurs
between December and March with a yearly 1otal of 635 mm.

The fanning systems under study are three 4 year rotational systems which mclude
organic, fow ‘input, and conventional 4 year (conv 4 yr), and a 2 year conventional rotation
system (Temple ef af., 1994). The summer crop rotations for the 4 year systems ape
tomatoes, salflower, comn and beans. During winter. cover crops are grown in the low
input and organic systems, whereas the soil is faliow in the conventional systenis with the
exception of the bean year which is preceeded by winter wheal. The conventonal 2 yr
rolation consists of tomato and wheatbean (Temple ¢l al.. 1994).

Production practices during 1993 are summarized in Table 1. The orgamc system
denves its fenility from a winter cover crop. Lana woolypod vetch (Vicia dusvearpury,
manure, scaweed and fish powder.  No pesticides are used and the plots are manaped
according to California Centified Organic Farmers requirements (Califorma Cenufied
Organic Farmers. 1994). The low-input system relies on cover craps as a source of N b
is supplemented, as needed, with inorganic fertilizer and pesticides.  The convemtional
systems use inorganic fertilizers and pesticides.

The plots are arranged in a randomized complete block, split plot design with four
replicates per system. Each farming system is divided into a number of plots (67 m x 18.3
m) equal 1o the number of crops in rotation within that system, and all crops in the rotation
are grown cach year.

Soil samples were collected 3 to 4 days following irnigation in order 1o eliminate
some of the potential variability due to extremes in moisture content. Thiny randomly
sclected 2.5 cm diameter soil cores per plol from the O to 15 cm depth were collected.
Samples from 15-30 cm were also collected on one date in 1992, Sampling was contined
to the area between 10 cm (rom the row and 5 cm from the bed edge. The cores were
pooled and well-mixed into a single composite sampie per plot and transponted o the
laboratory in a cooler on ice. later, samples were subdivided for the different assays. [In
the laboratory, replicated 10 to 15 g subsamples were used for gravimetric soil moisture
determination (105 °C for 24 h). Field moist soil was sieved through a 4 mm sieve and
immediately stored at 4 °C until assayed. For 40 10 48 hours prior 1o the aclivity
measurements, sicved soil was incubated at 24 °C in plastic bags loosely tied for sufficient
aeration and Lo prevent moisture loss. Soil temperature at the 0 to 15 cm depth of cach
sampled plot was recorded in the ficld. AN measurements are presented as Julian days (J13)
where, for example, JD 1 = January 1 and JD 32 = February 1.

Analyses of KCl-extractable ammonium-N and nitrate-N were conducied by the
Division of Agriculture and Environmental Resources Analytical Laboratory using a
Carlson avtoanalyzer(Carlson, 1978). Fumigation extractable carbon (FFEC) and nitrogen
(FEN) released after fumigation and extraction of soil were measured using a method
adapted from Vance of al. (1987) and Sparling and West (1988). The funigation ime was
24 hours and a soil:extractant ratio of 1:2.4 was used. AH extracts were stored at <20 °C
unli analysis. Before analysis, samples were thawed and incubated at room temperure for
30 minutes.  Extractable carbon following fumigation was determined by a Dohnman Modcl
DC-80 TOC analyzerin 1992 and by a Shimadzu Model 5050 TOC analyzer in 1993, For
the analyses with the Shimadzu TOC analyzer, samples and standards were diluted to 3 and
6 fold prior to injection to prevent precipitation of K,S0, from the extraction medium onto
the catalyst peliets. The catalyst was reinoved and replaced every 72 samiples and new

standards were run every 24 samples to ensure there was no degencration of the catalyst.
Extractable nitrogen following fumigation-extraction was determined as ninhydan reactive
N. which includes NH, N. amines, amino acids, peptides and proteins (Amato and | add,
1988: Carter; 1991). The values reported are ditferences in extractable carbon and nitrogen
between the funugated and unfumigated samples and are not converted 1o "total” microbrl
biomass C and N because of the uncenanty assocuited with using existing comrection
factors (Horwath and Paul. 1994).

Substrate induced respiration (ST1R) was measured according 10 Smith ¢f af. (1985)
in which both the control and glucose-amended soils are provided with nutnents.  Five g
of soil were amended with nutrient broth (Beeton Dickinson Microbiology Systems,
Cockeysville, MD) containing beef extract and gelatindigest and then either amended or not
amended ("uninduced”) with 200 pe glucose ¢ soil. This glucose concentration was
determined in preliminary tests (o be the levet at w hich the short-term respiration rate was
its maximuom. The soil was incubated for 2 h at room temperature and the head space (0O,
voncentration was determined using a CO. Analyzer with an infrared detector (Applied
Electrochemistry. Inc., Sunnyvale. CA).

Arginine ammonification (AA ) was measured according (o Alef and Kleiner ¢ 1987)
Following pre-incubation at 30 °C for 1 h. 5 g sodl was amended or not amended with an
arginine solution to give a final concentration of 196 g N g ' Alter stopping the reaction
at-45 minutes by immersion in liquid nitrogen, the sail was thawed, extracted with 2 M
KCL. and NH,-N in the extract was analy zed by colonmetry.

Potentially mineralizable nitrogen (PMN) was measured in 1992 by the autoclave
method adapted from Stantord and Smith (1976) and Daoran (1987). and in both 1992 and
1991 by the anaerobic incubation method adapted from Keeney (1982).

Analysis of vanance, Fisher's Protected Least Significant Difference (P1. SD) test,
and the 7 test of significance were performed where appropriate (Geng and Hills, 1989;
Little and Hills, 1978). Linear regression and correlation analyses were camied out using a
Macintosh StatView 4.0 application program (Abacus Concepts, lnc.. Berkeley, CA)

RESULTS
Comparison of 4 farning systems in 1992 and 1993.

All four farming systems were sampled on at feast four dates dunng the growing
scason in 1992 and 1993, The year 1992 was the last year of the first 4-year rotation
sequence and 1993 was the first year of the second rotation. Fumigation-extractable carbon
(FEC) was significantly higher in the organic and low inpuil systems than in conventional
systems on most dates (Fig. 1A and IB). These differences were present even at the
beginning of the growing season, before the incorporation of organic residues, and
incorporation was followed by fittle change or a dechine in FEC n the organic and low-
input systems. Differences among systems were observed in soil samples from deeper in
the profile as well. In September, 1992, FEC was significantly higher in the 0 to 15 an
than the 15 to 30 cm layer in all systems (Table 2) At this depth, FEC was significantly
higher in low input than other systems. whereas the organic did not differ from the
conventional systems.  In 1993, FEN also was higher in organic and low input than
conventional (Fig. 2A). Potentially mincralizable mrogen (PMN). on the other hand, was
significantly different before incorporation of cover crop only in the low put system ¢hig
2B). After that, conventional 4 yr was significantly lower than all other systems in mid
June, and later in the season there were no differences among systems.  On the last
sampling date there had been 3 weeks since the conventional tumitoes were harvested and
its residues incorporated, whereas it was sull 10 days prior 1o harvest in the organic and
low input systems.




Estimates were made of the total carbon (C) and nitrogen (N} contained i inpats
( ling external inputs and above-ground residues from the preceding crop) to the four
fi,....ng systems in 1992 and 1993 (Table 3). In 1993 the inputs 1o the organic system
had a considerably higher C/N ratio than in previous years because a large fraction of the
cover crop consisted of volunteer vats, which contain lower N levels than vetch, and
because the manure contained larger than usval quantities of straw. In contrast. in 1992 the
CIN ratios for inputs to the conv 4 yr and organic systems were 8.2 and 19.9. respectively.
As would be expected under the immobilization conditions associated with the high C/N
ratios in 1993, soil nitrate and amumonium concentrations in the organic system were low
over the entire season (Fig. 3A and 3B). In the conv 4 yr system. however. nuncral N
levels increased dramatically following application of sidedress fertilizer and remauned
relatively high for three weeks.

lmensive sampling of six microbial parameters descnbing biomass or potential
activity was conducted in the organic and conv 4 yr systeins on a total of 13 dates in 1993
On most dates, all six parameters were significantly higher in the organic than conv 4 yr
system (Figs. 4-6). Fluctuations in FEC were minor in the conv 4 yr (1 7% of a mean of
76 pglg) in comparison to the organic plots (x 18% of a mean of 110). In comtrast.
fuctuations in FEN were high in both conv 4 yr (+ 26% of a mean of 5 pg/g) and orgamc
(£ 19% of a mean of 27 up/g) plots (Fig. 4A and 4B).

Levels of SIR and AA were significantly higher over most of the growing season
the organic than conv 4 yr plots (Fig 5). Arginine ammonification (Fig 5C) substantially
increased in the organic plots following input of organic residues. whereas SIK did not
show any obvious response (Fig. SA). SIR showed a substantial drop in the conv 4 yr and
a small drop in organic plots immediately following the ume of sidedressing (between JD
110 and 155) in the conv 4 yr plots. Uninduced respiration, was siguificantly higher in
organic than conv 4 yr plots early to mid-season and. by the end of the season. declined 10
abowt 19% of its original level in both systems (Fig. 5B).  Potentially mineralizable
nitrogen showed the same differences between organic and conv 4 yr plots (Fig. 6) as seen
for other parameters and its behavior was most similar to, of all the parameters measured,
that of FEN. In the conv 4 yr system, PMN was not detectable on the two dates
immediately following sidedress application. The decline may have been due to an inability
of the method 10 detect mineralizable N above the high background level resulting from
side -dressing or toxicity, however, this period also comesponded with a time when the
SIR showed a temporary decline in the conv 4 yr plots.

The parameter SIR has been proposed as an estimate of microbial biomass
(Anderson and Domsch, 1978 ) based on the assumption that short-term metabolic rates
reflect the size of the microbial population at the tme of measurement. Therefore, it could
be concluded that differences in SIR, and perhaps AA, may simply reflect differences in the
magnitude of microbial biomass. To test whether there were differences between the two
farming systems with respect to the intrinsic activity of the microbial community, AA and
SIR were converted to a per unit biomass basis by dividing by FEC determined on the
same date. The ratio SIR/FEC was significantly higher in the organic than conventional
system during more than 60% of the observations (Fig. 7). and continuously during the
time between D 128 and 172, For 20 days following cover crop incorporation, AA/FH(
was significantly higher in the organic than conv 4 yr system (Fig. 7) and then there was
little difference between systems. In striking contrast to the other measures, the ratios of
uninduced respiration/FEC were virtually identical for the twag systems except on one date
shortly afier cover crop incorporation (Fig. 7).

Most bacieria have lower C/N ratios than do fungi (Holland and Coleman, 1987)
and therefore the C/N ratio of the microbial biomass may reflect the domination of the
microbial communily by fungi or bacteria. The C/N ratios of the microbial bivinass were
calculated for each date in 1993. Because biomass N is measured by ninhydrin reactive
nitrogen, rather than 1otal N, and because neither C nor N have been corrected (or total
biomass, the ralios scrve for purposes of comparison and not as absolute values. The C/IN

ratos were sigmficantdy higher i com cntional than orgamic sotls on fates {tig ¥)
Microbial C/N ratios i the orgamie plots were renarkably stable over me. of the aroming
season; whereas in the cony 4 v sastenn the ranos showed  greater fluctuations and
increased over the last third of the growing seison.

Relatonship between microbial and soil temabity parameters.

Determining relationships among microbial paranicters and soil nitrogen tevels 1y
complicated because ot the short-term fluctmations an soil terulity and microbiological
properties. Therefore. looking at relationships among dat collected on the same diate may
not eeflect important trends occurring prior w the sample date. Nevertheless, correlations
among all microbial and soil fenility parameters showed that when data from the argame
and conventional 4 yr systems (13 ditesy (Table 4 or feom all Gairnung systems (4 dates)
tdata not shown) were combined. there were consistently significant (p=0.03) negative
relationships among microbial pacanieters (FEC FENC SIR. AA and PMN) and soil mitrue
or ammonium. Correlation analysis of data for the conv 4 vr system alone showed the
same trends as for all farming systems combied. However, analysis o the orgamie
system alone revealed no significant (p= 0.05) negatns ¢ relationships between microbial and
soil fertility parameters: in fact, these anabyses showed significant (p=0.05) posiive
relationships between FEC and soil mitrate or amimoninm and between AA and anuiotium
(data not shown). 1n all systems. there was o strong positive correlation between most of
the microbial parameters and PMN.

Relationship betw een microbial paruneters and enyironmental factors

Frequent irrigation {shown as bars on Fig. 9) maintained sotl moisture i organie
and conv 4 yr plots at levels between 12 and 30% v the top 15 e of sail (Fig. 9
Imigation was mwore frequent and soil moisture was wswally lagher in the organie than con
4 yr system. Valuesin the conv 4 yr system dropped considerably after irngation was
ternunated after JD 200 (nud-July).  Scasonal vanations in soil moisture levels were not as
great in orgamic as in conv 4 yr soils. Ay these samples were collected 3 1o 4 days
following smgation and intervals between imigations were often 8 to 10 days. soils became
even dner than the measurements indicated and especiatly so m the wp layer of soil. For
example. Amezketaer al. (1996) found that mosture levels in the same soils during much
of the 1994 growing season ranged from 4-9% . with a mean of 5.4% . in the top § om ol
soil.  Because the gravimetnc moisture content for the SAES soils at 033 bar s
approximately 249% (Scow. unpublished data). it is likely that moistuee levels were
frequently suboptimal for microbial activity.

Correlation analyses for climatic and microbial data torganic and conv 4 yr systems
combined) indicated significant positive relationships between soil moisture and enther FEC
or FEN, but negative relationships between moistuee and the C/N ratio of the microbal
biomass. SIR, and SIR/FEC (Table S).  Soil temperature had  significant negative
relationships with levels of FEC and FEN. but a positive refationship with the C/N ratio of
microbial biomass.

DISCUSSHON

Differences among farming syseins

Estimates of microbial biomass and activity uscd i this study indicated that these
paramelers arc almost always sianificantly lugherin soils of the orgamc and low input than
conventional farming system. Though management of the Lirmiag sysicms differs i inany
ways, we believe the most important factor ddferentiating the microbial populations i the
diffcrent farming systems is the amount of carbon entering the systems.  The fact that more
pesticides arc used in the conventional than organic systems is presunied 10 be ummponant
for several reasons.  First, pesticide use is mimamal in the conventional systems because
they are managed according 1o itcgrated pest management (10M) practices. Alsa, although




different measurements. The organic system showed a higher AAFEC inmedianely alier
incorporation whereas SIR/FEC was higher-in the organic system in the middle of - the
2rOWIng seasoh. o ‘ . o

The targe difference between pattems of uninduced respiratiow/HEC and SIR/FEC
was unexpected. The ratio of uninduced respiration/FEC was vintually ider in e
organic and conv 4 yr systems. tininduced respiration reflects: minerabization of soil
carbon. as well as of the complex carbon contained in the nunent broth ;uncmlm‘cul
(pancreatic digest of gelatin and beef extract) in the method we employed. whereas SIR
refects the net minesalizationof added glucose. The short term metabolism ol soil casboy
and nutrient broth was a direct function of the size of the bromass and thes. in our study.
was a better estimate of biomass than glucose-induced respiration. Wardle and Parkinson
{1990D) discuss the likelihood that not ali of the soil biomass can respond rapdly 1o added
olucose and thus SIR is not always proportional 1o microbial biomass estiniales by
fumigation methads.

Though the emphasis of our study was not on microbial commumity structure. there
were indications of dilferences in the communities of the organie and conventioml
syslems. Fungal-dominated conununities are favored over  bactenal-dominaed
communities in farming systems in which plant residues are not titled. at leastin part due 0
spatial stratification of the organic inputs (Beare et «l., 1992; Holtand and Coleman. 1987)
These studies have compared systems receiving the same amounts of organic maiter hut
differing in whether or not the residues are incorporated. In contrast. our study considers
systems differing in their organic inputs bk not substantially in their tillage practices. The
lower (/N ratios in microbial biomass in organic than conv 4 yr soils supported that
bacteria may be more important and fungi not as dominant in organic compared to
conventional soil. Other supporting evidence for the importance of bactenal populations in
organic soils was the fact that in 1993 bactenal feeding nematodes were more prevalent in
organic than conventional systems, with littie difference between systems in fungal feeders
(Ferris et al., 1996). Also, Scow ef ul. (1994) found higher levels of fungal feeding
nematodes in conventional than organic and low input soils of the SAFS projectin 1992,

Two factors distinguishing the two farming systiems that may have. in tumn,
contributed to differences in their soil communities were the types of organic inputs and the
soil moisture levels. The conv 4 yr system receives no carbon inputs after harvest of beans
in the previous October; therefore the major sources of C for soil organisms in the
subsequent cropping season are soil humus and the exudates and sloughing of omato
roots. The organic system, on the other hand, receives large singlc impults of manure and
cover crops. Bremer and van Kessel (1992) found that microbial biomass growing on
green manure crops had significantly lower C/N satios than biomass growing on straw
residues and Neely ¢f af. (1991) found a direct correspondence between the C/N ratio of
organic inputs and the C/N ratio of microbial biomass. With respect (o soil maoisture, fungi
arc known (0 be favored at low water potentials in soil (Paul and Clark, 1989) and thus the
consistently lower moisture content in the conventional soils may also have selected for
fungal -dominated populations. The significant negative relationship between soil moisture
and microbial C/N ratios supported this hypothesis.  Other rescarchers have also used
changes in C/N ratios of microbial biomass o infer changes in the community (Garcia and
Rice, 1994; Wheatley er al., 1990, Collins ez al., 1992).

Scasonal vanations |

Seasonal fluctuations in FEC are minor at longterm sites such as Rothiamsted
{Jenkinson, 1990; Jenkinson and Rayner, 1977, Patra et al., 199, where carbon inputs i
the form of animal manures have been occurming for over a century and presumably
steady-state has been achieved with respect o microbial biomass.  However, seasonal
Auctmations in FEC and/or FEN have been observed in numerous other systems, such as

|)c:~ligiq«-s are used 1 the fos tput but nol organie plots, the fevels of nucrobial biomass
are stmkarin the two systems. Fuathy a large body of literature supports the prenuse that
most pesticides applied at recommended apphication rates. with the exception of fumigants,
do not significantly impact nucrobial biomass and activity (Fraser ef al.. 1988: Martyuiok
and Wagnee, 1978 Hicks e ol 1989). Becanse carbon is so often a hmiting factor for
soil microbial populations, the tigher carbon associated with the organic and low mput than
conventional systems presamably overrides smatl, i any., differences in ancrobial
populations due to toxicity from pesticides

Sice the establishment of the SAES project in 1989, C and N inputs have
quanttabively and qualitatively differed among the larung systems (Scow er al., 1994).
In 1993 106l C inputs 1o the organic system were 2.3 times the levels of C 1o the low nput
system, yet differences i microbial biomiss estimates were not substantial. This lack of
difference may be due o the recaleitrance of the cacbon i the poultry manure; however.
this hy pothesis has not been tested. Fevels of C o the organic system were, on the other
hand. 6.2 times greater than inputs (o the conv 4 yr system and the differences in microbial
bromass estiniates were abways sipnificant and as great as 2 fold. The impact ol the organic
Inputs was seen beyond the growing season. as evidenced by the presence of differences in
FEC and FEN between organie and conv 4 yr systems even before cover crop
meorporation and even followmy tomato harvest.  Activily measurements. on the other
hand. were usally not significantly ditferent amoag systems before and after the growing
season,

Anathier factor contributing 1o diliierences among the farming systems is unigue 1o
Mediterranean and other scasonadly warm climates. The mild winters of California nuke it
possible to waintain plant cover over wister with only a | 1o 2 month period of bare fallow,
as 15 done n the orgamic and low input faroung systems. I the conventional systems,
I-m\\ ever, winler management in the Sacramento Valley involves heeping the soil fallow
from Scptember wntil March 1o conserve mansture and 1o permit field operations 10 be
carried out for the next year's crop. The warm, wet winters of California can suppost
relatively high microbid activay compared to levels in chimates with colder winters. and
this activity would be even more enhanced in fnzosphere, e.g. of the cover crop, than
fallow soil. Microbial populations tend to be lower in systems with fallow periods than
with continwous ceopping (Collins et .. 1992). The presence of a high microbial biomass
in carly spring in the organic and low input plots may be beneficial if the biomass could
rapidly mineralize orgamc residues into plant-available mitrogen.  On the other hand. a
possible consequence of a high microbial biomass fostering high rates of minerali zation and
nitnfication conld be mtrate leaching dunng periods of heavy rawnfali in spnng.  The
possible benefits and disadvantages of mamtaining large and active microbial populations
over winter needs further investigation.

There was indirect evidence thin side-dressing of the conveational system may have
had 1emporary negative impacts, possibly due 1o osmotic shock (Paul and Clark, 1989). on
microbial populations.  Between Julian days 125 and 140 (early to mid-May), dechines in
the conventional system occurred during a period when high concentrations of minerat N
were present following sidedressing. Substrate induced respiration, uninduced respiration
and SIR/FEC were the paramceters that showed the greatest declines during this penod.
Less substantial dechnes in the same paraincters within the same time period in (he organic
plots also occurred, suggesting thal part of the decline may have been due 1o climatic
conditions exprenienced by both systems (see below), however, declines were clearly more
severe in the conventional system

Mcasures of ymcrobial bioniss or activity, alone, do aot reflect all important
differences between systems because a large portion of the microbial commumty may
mactive (Giray and Willtams 1971, Thus, the riutio of an activity measurement--¢.g, SIR.
AA. or upinduced resprration 0 FRC gives an indication of the specific activity of the
microbial biomass. Geaerally, when there were differences, microbial populations were
more active in the argame than cony 4 yr system, although not al the same tme for tlw
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Gl grass praine (Gareia and Rice. 1994 and agacoboral systems ynch and Panting.
1980: Campbell and Biederbeck. 1976; Wheatley e al., 1990: MeGill 7 al.. 1986). In
bath years of our study. most microbial parameters showed a sharp decline tolfowing 1)
155 (carly June) which comresponded to a period during which the temperature increased
substantially. Similar declines in FEC during this same time peniad have been observed in
previous years in all 4 farming systems (Scow er al.. 1992, In the organic system. carly
season Auctuations were most likely due 1o incorporation of organic matenial.

Even though the SAES plots were imigated. soil moisture sometimes dropped 1o
levelslow enough, particularly in the conventional systeni, to linitmierobial populations.
Numerous studies have reported decreases in microbial biomass due to drying of the sonl
(Van Gestel ¢val.. 1992 Ladd eral.. 1986; Wardle and Parkinson, 19904}, Soil moisiure
and microbial biomass levels were signiftcantly positively correlated i our study. High
temperatures were also associated with lower microbial biomass, and. as with tow mosture
conditions. were assoctated with high microbial C/N ratios.  Because soil mosture s
closely related 10 temiperature. it is difficnit to isolate the contnbution of cach ol these
variables in goverming population levels. Also. the very high temperatures in the e
arowing season may have led 10 additional short-term marstare limitations between
irngation events that we were unable o detect with our sampling frequency. On the
regional scale. temperature and moisture are positively correlated with decomposition rates
and negatively correlated wilh biomass levels (lnsam ef d.. 1989 however. these
relationships are rarely based on data collected 10 and climates and do not consider
irfigation as a vanable.

Relationship between microbial and soul fertility parameters

An imsportant and challenging objective of the SAFS projectis to assess whether the
stnking differences in nicrobial parameters correspond 10 differences in sol fenihity among
the differcnt farming systems. In previous years we have shown that seasonal patterns i
soil nitrate levels differ among farming systems (Scow ef al., 19941, The patiern changed
from previously higher (g in 1989, 1990) o lower mitrate levels in orgamc than
conventional tomatocs.

fn 1993, the cover cropaand manure inpats into the orgamic system had considerably
higher C/N ratios than in previous years and mineral N levels in orgamie soils showed few
Muctuations and remained well below levels in the conventional sotl. Nevertheless, tomato
yields were cquivalent in the organic and conventional systems.  Duce to poor weather
conditions. the mean yicld of conventional tomatoes in Yolo County was low in 1993
relative 10 other years (SAES. unpublished data): thus it was not a high yiclding year for
tomatoes in general.  However, we believe the high mineralization activity of the large
microbial biomass in the orgamic soil lead (o release of sufficient N for that year. This N
was then taken up by the tomatoes so rapidly that it aever accumulated in the soil. The
ohserved increases in microbial activity and increased nematide activaly (Ferris er al..
1996) after incorporation of inputs in the organic system support this hypothesis.

A side:benclit of organic inpuls with lgh C/N ratios is their potential 10 reduce
nitrate leaching. s likely that C/N ratios as high as those observed in the organte system
in 1993 would. in years when tomato yiclds are not so unusually low, lead o microbial
unmobitizationand nutrient deficiency 10 crops. Thus, though such high C/N ratios might
be beneficial in their ability (o facilitate the capture of mitrate. these ratios would not be
recommended from the perspective of soil fertibty. §tis possible. however, thin C/N atios
intermediate between the high levels observed in 1993 and the relatively low ritios usaatly
recommended (c.g.. ratios of around 15) may provide fertility thatis sufficient, while being
{ess likely to negatively impact the covironment. . Studies are in progress atthe SAES plots
to determmne the effect of C/N ratio of organic fentilizers on tomato yiclds under organic
management.

Substantial increases i mineral nitropen concentrations have been shown 1o
correspond 1o dechines in soil microbial bramass (Haynes, 1986; Bonde ¢ al. 1988). The
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cral i . ) NS n microbial biomass ;
mineral nitrogen supported this observation.  In contrast the rt:laliomhi“ t‘:c"d
microbial biomass and mineral N was positive in the organic system.  Presy foly
organic system there was ; e of ' able N from e "
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Figure | Fumigation extractable cacbon i the tour cropping systems dunng

H
1992 (A ) and 1993 (BY. Vertical bars = standard eeror (n=-4),

Figure 2. Fumigation exrctable nitrogen (A) and potentially mineralizable
mtrogen (B) i the four cropping systems i 1993 Vertical bars =

standard error tu=4).

Figure 3. Changes wmsont NHY N (A and ~ond NO3 N (B i cony 4 yrand

orgamic systems i 1993, Vertical bares © standard coror (n - 4)

Figure 4 Changes in fumigation extractable carbon (A and fumigation
extractable nitrogen (B in conv 4 yr and orgimce systems in 1993,

Vertcal bars = standard creor (n=4)

Figure 5. Changes in substrate induced respiration (A), wmnduced sespiration
(B) and argimne ammondication(C) m conv 4 ye and organic systems

in 1993, Vertical bars = standard crror (n=4)

Figure 6. Changes in PMN in conv 4 yrand orgamc systems in 1993, Verucal

bars = standard crror (n--4).

Figure 7. Changes in substrate induced sespiraton / FEC (AL uminduced
respiration / FEC (B) and argimne ammonificaton / FEC (C) i cony
4 yr and orgame systems o 1993, Verucal bars = standard error
(n=4).

Figure 8. Changes in funngation eatractable C/N catios i conv 4 yr and

organic systems in 1993 Verical bars = standard error (n= 4).

Figure 9. Changes in soil moisture and the asmount ob irmgation water apphied

over the season in cony 4 yrand organic systems in 1993,
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Table | Tomato producuon pracuces in 1993

Operauon Cropping System
] Organic Low input Conv 4 yr Conv 2 yr
Planting date JD* 109 D109 JD 69 D69
Method of planting Transplants Transplants Seeding Seeding
Ferulizer
Preplant and/or ~ Vetch/oats cover crop Vetch/oats cover crop Mineral feruhizer Mineral fertlizer
Starter 121 kg N ha"! 176 kg N ha'! (6-20-20) 112 kg ha"! (6-20-20) 112 kg ha-!
Turkey manure (1% N)
67 kg N ha-l
Fish powder

(12-0.25-1) 4.5 kg ha"l

Seaweed
(3-0.25-0.15) 4.7 L ha-!

Sidedress Fish powder Mineral ferulizer Mineral fertilizer Mineral fertlizer
(12-0.25-1) 4.5 kg ha-! (8-24-6) 94 kg ha"! (34-0-0) 134 kg ha"1 (34-0-0) 134 kg ha-!
Seaweed

(3-0.25-0.15) 9.4 L ha-!

Herbicides Gramoxone Gramoxone
Devninol Devrinol

* JD=Julian day

Irrigation water  {liters)
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Table 2. Fumigation extractable carbon at two sampling depths in September 1992

‘Table 3. Carbon and nitrogen imputs for three tomato cropping systems

1 sle Fumigation extractable C (jg/g soil)
Cropping syem w0 1Sem o ais-Wem
Convd'yr 5549 2% 2148 ¢
Conv2§'r 4742 a 2878 b
Organic 9300 b 2385 be
Low input 10595 b 3528 a

*Each value is a mean of three replicates. Means followed by the same letter within cach
column are not statistically different according to Fisher's PLSD test (p=<0.05).

Cropping system

Organic Low input Conv 4 yr
(kp/hav)
1992

Carbon Crop residues 2520 1760 1362
Cover crop 1500 1596 ’
Manure I1R82
Total voa 5 4

Nitrogen Crop residucs 92 42 24
Cover crop 101 101 (1}
Manure 101 0 0
Fentilizer 2 34 141
Total 2906 177 165

. C:Nofinputs 199 189 8.2
T s

Carbon Crop residuces 1436 1398 1318
Cover crop 3424 2120 0
Manure 31276 0 0
Total B30 31524 13I8

Nitrogen Crop residues 43 39 39
Cover crop 121 176 0
Manure 67 0 0
Fentilizer 1 10 141
Total 232 225 180
C:N of inputs 35,1+ 156 7.3

*The cover crop in the organic system had a large population of volunteer oats which
led to a higher than normal C/N ratio. Also, in 1993 the manure has a ngher proportion
of straw than in previous years. Thus, the orgamc system had a substantially lgher C
and lower N than the low input system.
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Table 4. Linear correlation coefficients of 1993 soil microbial and nitrogen data from

conv 4 yr and organic systems

. Number of Correlation
Variables observations coefficient (r)*
FEC, PMN 94 0.550
FEC, soil NH4-N 104 -0.216
FEC, soil NO3-N 104 -0.244
FEN, PMN 94 0.522
FEN , soil NO3-N 100 -0.269
PMN , soil NH4-N 94 -0.279
PMN , soil NO3-N 94 -0.236
AA , soil NO3-N 76 -0.318
SIR , soil NH4-N 88 -0.371
SIR , soil NO3-N 88 -0.446
Soil NH4-N , soil NO3-N 104 0.876

* significant at the 0.05 probability level

Table 5. Linear correlation coefficients of combimned data
from 1992 and 1993 indicating relationships among soil
moisture, temperature, microbial and nitrogen parameters

Number of Conclation

Variables observations coclhicient
(1)*

Soil moisture’, FEC 124 0423
Soil moisture , FEN 96 0479
Soil moisture , C/N 90 0 589
Soil moisture , SIR 32 0 0
Soil moisture , SIR/FEC 32 0 500
Soil moisture , AA/FEC 24 0 401
Soil temperature , FEC 17 0.438
Soil temperature , FEN 89 0354
Soil temperature , C/N 89 0296
Soil temperature , soil NH4-N 117 0192

* significant at the 0.05 probability level



