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Help keep LTRAS sustainable!

Core operations at LTRAS have been sup-
ported mainly by the UC Davis College of Agri-
cultural and Natural Sciences (CAES) andthe
UC Division d Agriculture and Natural Re-
sources (DANR). Recantly, we leaned that
DANR will nolonger be providing this suppart.
We thank DANR, the Sustainable Agriculture
Reseach and Education Program (SAREP), the
UC Davis Department of Agronomy and
Range Science, and the USDA/NRI Agricul-
tural Systems program, for their ealy suppat.

Deans Neal Van Alfen, Michael Parréella,
and Tom Kaiser met with Ford Denison and
Dennis Bryant onJune 8, and agreed to replace
the DANR fundng, withou which adrastic re-
ductionin LTRAS operations would have been
needed. But they pointed ou that relying on
annual appropriationsis arisky strategy for a
100-year projed, and requested that LTRAS
seek other reliable sources of long-term fundng.

Therefore, we plan to establi sh an endow-
ment to help kegp LTRAS sustainable! The
goal of the endowvment will be to ensure that
LTRAS lastslong enough to reved the sorts of
gradual but important trends discussed in previ-
ousisaes. The exdovment also will asuppat
afundng program for undergraduate and gadu-
ate students doing research at LTRAS.

There ae many options for giving. All of-
fer tax or estate planning advantages that may
be dtradiveto dorors. Optionsinclude:

o Cash

Seaurities

Red estate

Personal property or equipment
Bequests

00000

m] Life income arrangements
More informationis avail able from Rick
Swantz, Diredor of Development for the Col-
lege of Agricultural & Environmental Sciences
at 530-752-7961 o raswantz@ucdavis.edu.
More informationis also avail able from:
http://www-development.ucdavis.edu/develop

LTRAS Live on the Web (soon)!

LTRAS isapopuar destinationfor field
trips and for visitors from aroundthe world.
Many learn abou us from our web site, recently
smplified to L TRAS.ucdavis.edu. Soon,stu-
dents and ahers will have acessto some of our
data, within minutes of whenit is colleded,
right on ou web site.

Our datawill beused in classesat UC
Davis within the next yea. Eventually, we hope
to develop this system as a web-based resource
for K-12 classes.

A grant from the Instructional Use of Com-
puters program to Greg Pasternak and ahersis
fundng a network of environmental sensors at
several locations. LTRAS, and the aljacent Pu-
tah Creek Reserve, will bethefirst locaionsin
this network. Conreding the LTRAS wedaher
station, soil moisture sensors, and sensors for
measuring winter runoff arein progressor
planned. Advances in sensors may soonall ow
measurements of crop growth, soil nitrate, etc.
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Is the "Organic Transition" Real?

Recent reseach at LTRAS chall enges two
beli efs which are widely held (not always by the
same people!l), namely that:

1) organic yields are lower than conventional
2) increasesin yields of organic systems over

yeasare dueto increasing “soil quality.”
Farmers who switch to arganic methods often
report lower yieldsin the first few years, fre-
guently followed by yield increases. This*“or-
ganic transition effed” has been attributed to
hypothesized, lingering negative dfeds of con-
ventional methods on “soil quality,” and gadual
improvementsin soil quality with organic meth-
ods. Although there have been many reports of
differencesin soil properties between organic
and conventional systems, previous reports sup-
porting soil quality changes as the principal
cause of yield trends during the early years of
organic farming have dl been confounded by a
secndfactor —increasing grower experience
No previous gudy has been designed to measure
the relative contributions of soil quality trends
Versus grower experience.

LTRAS isnow condcting the needed re-
seach, with agrant from the Kearney Founda-
tion of Soil Science. Threereplicae, one-acre
plots, which are nat part of the main, 100yea
experiment, were managed conventionally since
LTRAS began in 1993. But since November
1998these plots have been managed identicaly
to ou organic system, which has been managed
organicdly since1993.Thisisthefirst, repli-
caed comparison d plots differing only in the
duration d organic management.
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Under the prevaili ng, “organic transition”
hypothesis, we would exped yields in the first-
yea “organic transitional” plotsto be lower
than those in either the “established organic”
plots (farmed arganicdly since 1998) or the
comparable “conventional” plots. Neither pre-
diction proved true, however. Instea, first year
yields of tomatoes in the transitional organic
plots were much higher than in the most directly
comparable conventional system, but no dffer-
ent than in the establi shed arganic system.
Graduate student Elizabeth Martini also found
faster plant growth in the two organic systems,
relativeto their conventional cournterpart, even
ealy in the growing season (see graph below
left). All threesystems are two-yea rotations of
tomatoes and corn.

Yields of tomatoes in the transi-
tional organic plots were much higher
than in the most diredly comparable
conventional system, but no different
than in the established arganic system.

A possble explanationfor the growth and
yield dfferences between conventional and a-
ganic systems may come from the observation
that a second conventional system, na shown,
had higher yield even than the organic system.
In the wnventional whea/tomato rotation, most
field preparation can be mmpleted in the late
summer, after whea harvest, when the soil is
dry. But, because @rn is harvested later, more
work is often dorein the spring, when the soil
may be wet, asin the spring of 1999. Working
wet soil can cause compaction, bu thetwo ar-
ganic systems appeared to be relatively immune
to this problem, either because of the organic
matter added by compost and winter legume
cover crops, or because the @ver crop itself
used enough water to dry the soil. Further re-
seach may suppat or refute this hypaothesis.

Another popuar idea éou the organic
transition was also na suppated by our data.
Microbial communities in the transitional sys-



tem were & least as effective in nutrient cycling
(spedfically, release of N from the compost and
the leguminous “green manure”) asthosein the
established arganic system. Furthermore,
USDA microbial emlogist Jeff Buyer found
that overall microbial activity in the transitional
system was not intermediate between the or-
ganic and conventional systems, as had been
expeded. Instead, the established arganic sys-
tems were intermediate (seegraph).
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Our results are inconsistent with the hy-
pothesis that there is a steady improvement in
yield-limiti ng soil quality parameters during the
organic transition. In wet years, there do sean
to be some soil quality benefits of organic
farming methods, asindicaed by higher tomato
yields. But it appeas that these benefits can
occur quiterapidly. The faster early growth of
tomato plantsin the transitional system, relative
to its conventional cournterpart, were seen less
than 6 months into the transition period.

We do have very limited data suggesting
that some other aspects of system performance
may be more @nsistent with the “transition hy-
pothesis.” A limited comparison d winter run-
off after one year of organic management gave
results that seem to be intermediate between the
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conventional and aganic systems. (The con-
ventional system, which does not have acover
cropin the winter, had higher runoff.)

In collaboration with Diane Barr ett, of
Food Science and Nuitrition, we foundmore vi-
tamin C in organic tomatoesin an unrepli cated
comparisonin 1999, buithis was nat confirmed
in areplicated comparisonin 2000.

Another result may interest some farmers
who do nt seek organic certification bu are
interested in farming more sustainably. Tomato
yields of a system that includes awinter legume
cover cropin aternate years (but is otherwise
conventional) were intermediate between the
organic and conventional systems. Thisresult is
particularly interesting because the cver crop
precaled the corn year, rather than the tomato
yea. Thus, it appears that the benefits of a
cover crop can persist for more than a year.

We ae airrently in the secondyear of this
study, comparing second with seventh-yea or-
ganic systems. Thisyear, corn (which can usu-
aly be planted earlier in systems withou a
legume aver crop) foll ows tomato in the rota-
tion, so the two organic systems can orly be
compared, dredly, with each cther.

Principal investigators for the organic tran-
sition study are R. Ford Denison, of Agronamy
and Range Science, and Tim Hartz of the
Vegetable Crops department. Thanks also to
LTRAS Associate Director Dennis Bryant, and
toIsrael Herrera, and Sean Eldridge.

Effect of plants on soil N cycling

Martin Burger, a PhD student with L ouise
Jackson, in the Vegetable Crops Department, is
continuing his research onsoil N cycling. For
the 1999 gowing season, the focus of their re-
seach was on NH,;" production and consump-
tionin the organic and conventional tomato
systems. Grossminerali zation and grossnitrifi-
caionrates were determined, using stable iso-
tope techniques. Nitrification rates corresponded
with grossminerali zation rates. In bah systems,
microbes immobili zed more NO3  than NH,", a
result suggesting prolific nitrifier popuations.



Fertili zer NH4" was nitrified within two weeks
of its applicaion. In the organic system, NH,"
production was roughly twice as high asin the
conventional system throughou the growing
season. This yea’ s experiments are designed to
answer the question d how much of thisfreshly
produced NH," istaken upby tomato plants, or
in other words, how much NH," is intercepted
by roats before nitrifiers get it. Estimates of the
propartion o crop N derived from NH,4" vs.
NO3" could be useful to evaluate different
farming systems with resped to their potentia
for NO3 leaching or N trace gas emissons.

LTRAS will be the new
home of the UCD campus
longterm climate station.

The weeds are coming!

Weadl scientist Robert Norris reports
that differencesin weeal popuations among the
ten dfferent croppng systemsat LTRAS are
increasingly apparent each year. Such dffer-
ences could be obscured by transfer of weed
seals among systems, so Sean Eldridge, Nick
and Israel Herrera (not related), and Asociate
Diredor Dennis Bryant, make sure that soil is
always cleaned from field equipment moving
from one system to ancther. Summer weel
courts in conventional systems have generally
deaeased over years, and dodler, which was
once @mmon, hes nearly been eliminated by
consistent removal of infected plants. But win-
ter weels have increased in some systems.
Some wedls that were rarely found diring the
first five years have since become dundant in
some systems, sometimes displaang previously
common spedes.

For example, the nitrogen-fixing legu-
minous weed, yell ow sweetclover (Melilotus
officinalis) was nat recorded in the initial weed
survey in 1993. It was quite cmmon in some
plotsin the spring of 2000-- even visiblein ore
agia phao --, but only in urfertili zed controls,
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withou either fertili zer or legume ver crop.

Whea rotations with winter legume
cover cropsin thefallow yea have gparently
maintained high enough soil N that sweeclo-
ver's ability to use amospheric N provides littl e
competitive alvantage. But these plots have
seen upto 100fold increasesin ather weeds,
such as annual bluegrass common chickweed
(Stellaria media) and miners lettuce (Montia
perfoliata) when compared with herbicide-
treded fall ow systems.

Grasses were not common at the initia-
tion d the LTRAS experiment in 199293. An-
nual bluegrass(Poa annua) was present in low
numbers (1 or 2 plantsm? in afew plots), and
one aanua ryegrass(Lolium multiflorum) plant
was recorded in two out of 300 quadrats evalu-
ated. Canarygrass(Phalaris canariensis) and
wild oats (Avena fatua) were not recorded in the
initial sampling. But by the spring of 2000, ca-
narygrasswas present in every system in which
whed is part of the rotation. The overall ca-
narygrassdensity in most systemsis abou 0.2
to 0.3 leads/m?®. Although the canarygrassden-
sity varies between plotsit is clear that the two
systems with supdemental irrigation and re-
caving fertili zer nitrogen have popuations be-
tween 10and 15-fold higher than the other
systems. Wild oats are now present in many
plots, bu still at low density. Annual ryegrass
ispresent in five plots. It thus appears that grass
wedls are increasing uncer these 2-yea rota-
tions. The use of grassspedfic herbicidesin
these systems was approved by the LTRAS
General Committeelast yea. Unfortunately,
wet soil condtions kept us out of the plots dur-
ing the period that the weeds would have been
susceptible this year.

Changes in soil aggregate stability

In recent years, we have naticed that irriga-
tion water soaks into the soil more quickly in
the organic plotsat LTRAS. Recent research by
M.J. Singer and Valentina Prikhodko may
explain this result.

They are analyzing surface soil samples



were taken in fall 1992 pior to establi shment of
croppng treaments, and again in fall 1999,to
determine if the croppng systems produced sig-
nificant changes in these properties. Of par-
ticular interest was the fraction d water stable
aggregates. Aggregates are asociations of
sand, silt and clay size particles that are bound
together by soil humus, clay, carborete andiron
oxides. Inthe LTRAS soil's, humusis probably
the most important binding agent. Aggregates
are important because they determine the pore
sizedistribution d the surfacesoil material and
they help to control the rate & which water en-
tersthe soil. The structure of a soil with water
stable aggregates maintains the water entry rate
at desirable levels whil e soil swith a small er
percentage of water stable aggregates tend to
sed and crust, grealy slowing water entry. This
produces runoff and erosion onsloping ground
and reducesirrigation efficiency onflat ground.

The analyses that have been completed so
far show that, in two plotsin the organic
corn/tomato rotation, water stable aggregates
increased from 86 to 94% and from 68to 93%
between 1992and 1999. Meanwhil g, two plots
in the cnventional wheat/tomato rotation
changed less from 92% to 90% and from 87%
to 92%.

Differences in the change in % aggregate
stability (+8 or +25% vs. -2 or +5%) are more
obvious than dfferencesin the arrent aggre-
gate stabili ty values (93-94% vs. 90-92%). This
shows the value of along-term approach.
Withou the "time zero" datathat Prof. Singer
and coll eagues colleded in 1992 before the
treaments began, we might assume that all of
the plots darted with the same aggregate stabil-
ity, which would lead usto underestimate the
improvements in the organic system.

They also foundsmall i ncreasesin total or-
ganic carbon owr the seven-yea interval stud-
ied. Will this organic matter continue to increase
and will the increased arganic matter content
continue to improve the soil physical condtion
in the plots grown under organic management?
Only time will tell.

)

Fingerprinting soil organic matter

Teresa Fan, of the Department of Land,
Air and Water Resources (LAWR) and Rick
Higashi, of Crocker Nuclear Lab, have started a
series of experiments examining the eff ect of
aging of different sources of soil organic matter
(e.g., green and farmyard manures) on N and
metal avail abili ty to crop dants and aher soil
biota. They will befocusing on fingerprinting
the dnemicd properties of organic matter during
the aging process ® that a mechanistic under-
standing of how transformation d organic mat-
ter leadsto N and metal release can be obtained.

Cover crop effects on soil capacity
to store and supply nitrogen

Graduate student Chris Hartley, working
with Chrisvan Kessel, of Agronamy and
Range Science, and Willi Horwath, of LAWR,
are using isotopicaly-labeled N fertili zer to de-
termine the “inherent N suppdy power of soil.”
Thisreseach has focussed onthe flow of nitro-
gen in the whea-fallow and whed-cover crop
rotations. From initial results it appeasthat the
use of cover crops sgnificantly deaeases dort-
term nitrogen losses. Over the wming months,
they will be working to improve our under-
standing of the underlying soil physical proc-
eses that are resporsible for the differencesin
nitrogen recovery that were observed. From a
management perspedive, the results may be
useful in determining fertili zer applicaion rates
andin improving the nutrient use dficiency of
cropping systems.

Recently-accepted papers

o Timm, L., Peason,D., and Jaffee, B.
Nematode-trapping fungi in conventionally-
and aganically-managed agriculture: Early
datafrom the LTRAS project. Mycologia.

o Hasegawa, H., D.C. Bryant, and R.F.
Denison. Evaluation d CERES models for
predicting N dynamics during crop growing
periods foll owing legume cover crop incor-
poration. Field Crops Research.



Overview of LTRAS LTRAS Staff Directory

LTRAS isnow in the eghth cropping * R Ford Denison, Diredor; (530)752-9688
yea of what is planned as a 100-year experi- fax 2-4361; rfdenison@ucdavis.edu.
ment. Long-term experiments are important, as Denris Bryant; Asoc. Director; 2-5368
results from other sites around the world show fax 2-4361 dcbryant@ucdavis.edu
that short-term trends can be misleading. Some «  SRA (recruitment in process)
important soil parameters (e.g., organic matter) _ _ o
change over decades rather than years, so upto ® Sean Eldridge; Farm Equip. Mgr.; geldridge...
100years may be needed to be certain which of * lsrad Herrera; Agric. Tech.; igherrera..

our ten cropping systems are sustainable. * Elizabeth Martini, Grad. Student; eemartini...
Reseachersat LTRAS want to understand * LTRASfield fadlity phore: (530757-3162
the relationship between sustainabili ty and ex- e LTRASfidd fadlity fax: (530)757-3158

terna inpus, espeaally irrigation water and ni-
trogen fertili zer. The ten croppng systemsin the
main LTRAS experiment differ in crops, N

Executive Committee
* TedHsao; Land, Air & Water Resources.

source, and wse of irrigation. Sustainabili ty will * Robert Norris, Weed Science
efficiency in use of limited resources (such as R

Louise Jackson; Vegetable Crops.

water), profitabili ty, and environmental impact _ .
® Chrisvan Kessl, Agronamy & Range Science

(such as leaching of nitrate or pesticides). We

are monitoring trends in key soil properties,
such as organic matter, weed seeds, pH, and sa-
linity to see if any of these are good predictors
for longterm sustainabili ty.

Reseach at LTRAS suppats efforts to de-
sign more sustainable aoppng systems, in-
cluding both environmental and econamic
considerations. We dso exped to makeimpor-
tant short-term contributions to agricultural sci-
ence Methods first developed at LTRAS are
arealy used in onfarm research. LTRAS s
primarily areseach facili ty, bu we dso host
classtrips, field days, undergraduate research,

Core suppo rt for LTRAS comes from the
College of Agricultural and Environmental
Sciences, University of California, Davis.

The LTRAS Century is published approximately
once a year. Download from our web site, or, for a
free subscription, send your name and address to:
R. Ford Denison/LTRAS
Agronomy & Range Science, UCD
1 Shields Ave.
Davis, CA 95616

email: rfdenison@ucdavis.edu

and visitors from aroundthe world.

Cropping System First Year Alternate Year

Rainfed wheat control (RWC) unfertilized rainfed wheat fallow

Rainfed wheat/legume (RWL) unfertilized rainfed wheat rainfed legume cover crop
Rainfed wheat/fallow (RWF) fertilized rainfed wheat fallow

Irrigated wheat control (IWC) unfertilized irrigated wheat fallow

Irrigated wheat/legume (IWL) unfertilized irrigated wheat rainfed legume cover crop
Irrigated wheat/fallow (IWF) fertilized irrigated wheat fallow

Conventional wheat/tomato (CWT)

fertilized irrigated wheat

fertilized irrigated tomato

Conventional corn/tomato (CCT)

fertilized irrigated corn

fertilized irrigated tomato

Legume/corn/tomato (LCT)

winter legume then irrigated corn

fertilized irrigated tomato

Organic corn/tomato (OCT)

winter legume then irrigated corn
with compost and no pesticides

winter legume then irrigated tomato
with compost and no pesticides

The ten croppng systems (2-yr rotations) in the main LTRAS experiment.




