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Biotechnologyin Horticulture and Forestry:
Essential Research Tools for the 21st Century

by Linda Dodge

The US Senate designated January 2000 as “National Biotechnology Month”. Senate Resolution 200 states that “biotechnolog

http://envhort.ucdavis.edu

increasingly important to the research and development of medical, agricultural, industrial and environmental produdtsit énd tha
important for all Americans to understand the role biotechnology contributes to their quality of life”. The resolutios fietharahat
“biotechnology contributes to crop yields and farm productivity and enhances the quality, value and suitability of camparidrdther
uses which are critical to America’s agricultural system”. In addition, biotechnology “promises environmental benefitg ipatetition

of water quality, conservation of topsoil, improvement of waste management techniques and reduction of chemical pesticide usage

UC Davis has been on

the cutting edge of biotech-
nology research since the
1970s. Many faculty re-
searchers, including several
affiliated with the Environ-
mental Horticulture Depart-
ment, are currently using
these powerful tools to ad-
dress basic questions ang
applied research in their ar-
eas of interest. According
to the publicatiorBiotech-
nology at UC Davispub-
lished by the Division of
Biological Sciences, “bio-
technology, in the simplest
and broadest sense, is a
series of enabling technolo-
gies which involve the ma-
nipulation of living organ-
isms or their subcellular
componentsto provide use-
ful products, processes, of|
services”. Included within
this broad definition are
suchtechnologiesasrecom

researchers are using these (minichromosome located outside the

and other methods to ad-
dress questionsinimprove-
ment of citrus cultivars,

manufacture of botanically-
derived pharmaceuticals,

nucleus) within each cell that is capable of
entering a wounded plant cell and incorpo-
rating its DNA into that of the cell. This
pathogen DNA signals the cell to divide
repeatedly and the resultis the uncontrolled

landscape ecology, disease growth we recognize as the crown gall tu-

resistance in forest trees
and postharvest handling
of cut flowers.

Genetic Engineering
Basics

Genetic engineering of
plants involves the trans-
fer of the DNA of interest
into the DNA of the target
plant cell (transformation)
followed by regrowth of an
entire plant from the trans-
formed tissue (regenera-
tion). Scientists take ad-
vantage of the naturally
occurring mechanism of
plant infection used by the
bacteriumAgrobacterium
tumefacengesponsible for

mor. The DNA of a desired trait can be
incorporated into this plasmid within the
Agrobacteriuntell, along with DNA “mark-
ers” (usually resistance to a particular anti-
biotic) that will allow selection of only the
transformed plant cells. Tgrobacterium
“vector”is mixed with wounded plant tissue
from the species of interest to allow for
transformation of individual cells by the
bacterium’s natural mechanism. The plant
tissue is transferred to a culture medium
containing hormones to stimulate callus
and shoot growth. The medium also con-
tains the antibiotic so the only tissue that
will grow is that containing the resistance
DNA which also contains the desired trait.
Once shoots have developed, the tissue is
transferred to a medium with rooting hor-
mones or micrografted onto seedling
rootstocks. When entire plantlets have

binant DNA techniques, "Portrait of a DNA Sequence” by the crown gall disease of developed, they are transferred to soil and
ene transfer, plant re enfRoger Berry. Sculpturedisplayed o blantspecies. This allowed to grow in a greenhouse until large
g P 9 in the Life Sciences Addition on yp p ) g 9 9

eration, cell culturing and e uc Davis campus. Photo by ~ pPathogen has a tumor- enough to transplant and evaluate for the

bioprocess engineering. EHPerry Johnson. inducing plasmid newly introduced (transgenic) trait.
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Citrus Research Whatls BiOtEChI’)O/OQy?

In 1997, California growers produced
89% of the lemons harvested in the US.
Current trends of residential development
of agricultural lands and mandated reduc-

tions In th_e use of pesicides may begln 0 Biotechnology is a discipline in which technology is applied in the production or
reduce this marketshare. Thelemonindus- mqgification of molecules, or manipulation of living organisms, to develop useful
try has turned to biotechnology for ad- products, processes, or services. Biotechnology encompasses a wide range of fields,
dressing such issues as yield, quality anc including biological science, chemistry, computer science, medicine, veterinary medicine,
insect resistance. Dr. Dave Burger of the agriculture, environmental science, and engineering. The umbrella of biotechnology
Environmental Horticulture Departmentand also encompasses a broad array of technologies, including recombinant DNA
Dr. A. M. Dandekar of the Pomology Depart- technology, gene transfer, embryo manipulation and transfer, monoclonal antibody

ment at UCD are collaborating to develop production, and bioprocess engineering.

genetic engineering technologies for the  the foundation of biotechnology is DNA (deoxyribonucleic acid), the basic genetic
improvement of lemon cultivars for traits of - material that regulates cell composition and growth in all living organisms. Particular
enhanced growth architecture, resistance sequences of genetic information contain instructions that determine specific
to sap-sucking insects and reduced seedi characteristics or functions, such as the type of tissue or organ each cell will help
ness. compose as well as the enzymes, hormones, and other substances it will manufacture.
Burger and Dandekar are currently work- The .gniversa_l nature of DNA has e.nabled scientist_s to remove 5tran_ds containing
ing on the tissue culture system for regen- specific genetic coding from an organism and recombine that mater‘!al with DNA from
) the original organism or from another organism- a process named “recombinant DNA
erating lemon plants after cell transforma- achnology.” This technology is one of many used in biotechnology to modify the
tion. The main obstacle here is the charac- genetic machinery of organisms and falls under the broader heading of genetic
teristic of lemon to have a prolonged juve- engineering.
nile phase before being able to produce fruit. _ _ _
Seedling tissue is most commonly used for Biotechnology is far from new. For thousands of years, microbes have been used
transformation and so the resulting WG RFLENN AR MRS Ry el T el RS it . O
transgenic lemon plants would be juvenile techniques such as selective breeding. What is new are the tools that scientists use to
and take 10-15 years to evaluate forsome o oty organisms. Advancements now enable researchers to alter an organism's DNA
the transgenic traits of interest. Burgerand \ith much greater precision, paving the way for many new applications of biotechnology.
Dandekar will also be testing mature tissue
from stem segments for the process of trans-
formation and regeneration. If mature cells to other species @itrusand, therefore, be  of efficiently producing compounds called

can be regenerated into plants, evaluatiorbeneficial to all of California’s citrus indus- taxanes, one of which is paclitaxel. Dr.

(an excerptfrom "Biotechnology at UC Davis", published by the Division of Biologi-
cal Sciences, UC Davis, December 1999. Download the full text at the URL:

http://www.biotech.ucdavis.edu)

of transgenic traits may take only 5-7 years.try. Durzan’sinterestis in providing conditions
The next step is “vector construction” for cell culture that resultin overproduction
in which the genes encoding the traits of Plant-derived Drug Research of these compounds to increase the yield of

interestare inserted into the plasmid DNAof  The use of medicines derived from plants the drug and make it less expensive.
Agrobacteriurmalong with “reporter”’genes s as old as human culture itself. Thetech- Durzan’s novel approach has been to
that enable detection of transformed tissue niques of biotechnology have brought this study the effects of gravity on taxane pro-
To change lemon tree structure, Burger andpractice to a high level of sophistication and duction inTaxuscell cultures. He hastested
Dandekar plan to use genes from efficiency. The manipulation of plant cells the effects of both low (microgavity) and
Agrobacteriumthat have been shown to to increase production of medicinal com- high (hypergravity) gravitational forces on
reduce internode length and apical domi-pounds is an active area of interest for Dr.the types and amounts of taxanes produced
nance and to induce early flower set. ToDon Durzan’s research group in the Envi- by suspended yew cells. The conditions of
enhance resistance of lemon to sap-suckingonmental Horticulture Departmentat UCD. microgravity were achieved by placing the
insects, they plan to incorporate a gene fromThe current focus of their efforts is the drug cell culture suspensions in slowly rotating
Galanthugsnowdrop) that produces a sub- paclitaxel (commercially knownas Taxol™) glass vessels (bioreactors). Hypergravity
stance toxic to sucking insects and will whichis produced by cells in the bark of the conditions were accomplished by growing
include genes that allow the expression ofJapanese yew tre€gxus cuspidaja This  the cultures on a semi-solid medium and
the toxic trait only in phloem tissue and not compound inhibits cell division and is used spinning them in a centrifuge. Yew cells
inthe fruit. Toreduce seed setinlemon fruit, in the treatment of ovarian and breast can-grown under low gravity conditions were
they will introduce genes which produce cer. The extraction of Taxol™ from har- larger and produced a larger fraction of
substances within seed cells only that stopvested yew trees is impractical due to low paclitaxel than those subjected to normal or
protein synthesis thereby causing seedyields and slow growth ofthe species. Grow-high gravity. Through techniques involv-
abortion. If successful, this genetic engi- ing cells of Taxussuspended in a liquid ingantibody binding, the taxane production
neering system for lemon may be applicableculture medium has proven a viable meanswas localized on the surface of stressed or
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dying cells. The conclusion of this study
was that low gravity conditions, such as on &=
a space shuttle or space station, could bg
used to scale up the biomass dBxuscell :
culture, thus increasing the yield of Taxol™.
Dr. Durzan's work has led to several =
patents for UC on the recovery of taxanes..
He has also been appointed by NASA to the
Scientific Working Group for the Biotech- &
nology Facility for the International Space
Station.

Landscape Ecology Research

Dr. Alison Berry has investigated the
phenomenon of symbiotic nitrogen fixation
for over twenty years. The system she isSymptoms of white pine blister rust on
interested in is not, however, the widely- sugar pine (Pinus lambertiana) showing
known partnership between legumes andbark discoloration (yellow to orange)
theRhizobiunbacteriain their roots. Sheis and blisters containing spores.
interested in the symbiosis between the

Forestry Research

Dr. David Neale and Dr. Lorraine
Sheppard of the Institute of Forest Genetics,
aresearchunitofthe U. S. Forest Service, are
affiliated with the EH Department at UC
Davis. One of their current projects in-
volves identifying the genetic basis of resis-
tance to the disease white pine blister rust.
The group of species known as the white
pines is of great economic and ecological
importance in North America. The sugar
pine Pinus lambertianais one of the Pa-
cific Coast’'s most valuable timber trees and
individuals can produce up to 40,000 board
feetof durable, evenly-grained lumber. Sugar
pine, western white pin®(monticolga and
the ancient whitebark pin€ (albicaulig
provide habitat for countless species of
birds and mammals. White pine blister rust
is afungal disease endemic to Asia that was

filamentous actinomycete bacterium, lecular genetic studies. Dr. Berry and heraccidentally introduced into western North
Frankia, and the roots of such plant generastudents grow oubatiscaseedlings in a America in 1910 where it has now caused

asAlnus(alder),CeanothugCalifornia li-

greenhouse and inoculate the roots withmore damage than any other conifer dis-

lac), Casuarina(Australian she-oak) and Frankia by crushing nodules from other ease. The extentof devastation is approach-
Elaeagnus(silverberry). This symbiosis plants and washing them into the soil of theing that of chestnut blight experienced in the
serves the same purpose as the legumebatiscapots. The roots and nodules along eastern U.S. Attemptsto control the disease
Rhizobiuntombination; the bacteriafixat- with other plant parts are harvested at vari-through chemical applications or eradica-

mospheric nitrogen into compounds that ous time intervals after inoculation.
the plant uses as nutrients and the plant

tion of its alternate hosts, currants and

In order to investigate which genes are gooseberries, have proven unsuccessful.

modifies its root growth to form nodules in expressed ateach time interval, the mRNA isGenetic resistance seems to be the best
which the bacteria can live on carbon com-extracted from the tissues and analyzedhope for reducing the impact of white pine
pounds produced by the plant. Plants ableThese mRNA compounds are the chemicalblister rust.

to act as hosts féirankiabacteria are often

“messages” from the DNA in the chromo-

Sugar pine trees resistant to white pine

considered pioneer species, able to survivessomes encoding the sequences of amindlister rust have been found in nature and
in extreme environments such as nutrientacids that make up various proteins pro-breeding studies have shown that resis-
poor soils, sand dunes and disturbed sitesduced in cells. Berry’s group isolated a tance is controlled by a single dominant
This process contributes to the overall cy-particular mRNA that was abundant in gene (R), whichhasbeen genetically mapped.
cling of nitrogenin the environmentand can Datiscanodules early in their formation but Drs. Sheppard and Neale planto clone the R
be adapted to aid in land reclamation, for-not found in any other tissues. They weregene by comparing DNA sequences from
estry and management of sustainable ecoable to reconstructthe gene’s DNA from the sugar pine with those of known plant dis-
systems. mRNA and determine its sequence of nucle-ease resistance genes. Once the DNA se-
Dr. Berryis interested in understanding otides. They then compared this sequenceuence of the R gene is known, methods can
the events that take place during the estabto other known genes using powerful com-be developed to identify resistant parent
lishment of thé=rankia/root symbiosis. In  puter programs and the World Wide Web. trees for breeding and resistant seedlings as
particular, she and her students are investiThey discovered their gene had 83% of theyoung as eight weeks old.
gating how the bacterial cells “infect” root same sequence as a gene from soybean,

cells and how the root cells respond by theknown to be expressed earlyRhizobium
formation of nodules. As their experimental nodule development.
system, they have chosen not to work with

Floral Research
Dr. Michael Reid’s research is devoted

This is the first report of a gene from a to keeping the California floral industry com-

the slow-growing, woody genera listed Frankiahost showing a strong similarity to petitive in the global marketplace. One ofthe

above but with a little known California a gene expressed iRhizobiunhost and is
native plant,Datisca glomerata This

means to this end is improvement in the

evidence for a common ancestor for nitro- postharvest longevity of cut flowers and

Frankiahost plant is an herbaceous peren-gen-fixing plants. The function of the com- potted plants. Dr. Reid and his students
nial with a short generation time, a small pound encoded by this gene in the proces$ave been investigating the cellular mecha-
number of chromosomes and self-fertile flow- of nodule formation is also of great interest nisms involved in the process of flower

ers producing abundant seed; characteristo Berry's research group.
tics that make it a good candidate for mo-

senescence. They are using daytilgihero-
callis spp. and hybrids) as a model system

Continued on page 8
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Nurturing Science That Helps Us See the Forest for the Trees urely. For example, if loss rates increased

. four-fold during the next 10 years, annual
by Dr. Greg McPherson, Western Center for Urban Forest Research and Education panefits are estimated to decline 28% as

i . ) compared to benefits produced assuming
After another field season studying street trees I'm reminded of how strong figrent loss rates.
bond can be between people and trees. Most people hate to see their trees threateng§l. Maintaining a stable amount of
Of course, some residents are equally passionate in their dislike of trees: the streetdrepy cover requires shifting from a for-
thatlifts their sidewalk, drops leaves on their lawn, or plugs their sewer. For local urleahdominated by Modesto ash to one that
forestry groups and municipal tree managers this passionate connection betwegra more even distribution of benefits

individual and tree can be both a blessing and a curse. among species. Efforts to increase spe-

o ] ] cies diversity include development of im-
On one hand it is the emotional well- trees per year, 10% of which are Modestoproved cultivars such as the 'Pearl Street'

spring of stewardship, on the other hand itash. In 10 to 15 years more of the Modestoyisiache. We are working with tree manag-
can undermine efforts to manage commu-ash will need to be removed because mosErS to monitor the performance of other
nity forests for the civic good. This article were planted from 1940 to 1955 and are naw introductions (e.g., Texas red oak,
describes how science can be used to capdeclining in health and structural condition Chinquapin oak, and hybrid thornless mes-
ture and focus the public’s interest in treesdue to mistletoe, anthracnose, and ”mbquite).
so as to strengthen support for urban andreakage. 4.) Because 14% of the current tree
community forestry. Motivating people Shortly after the Modesto Bee pub- management budget is spent on sidewalk
who are passionate about their trees to selished an article on our findings a flier was repair, current studies examining strate-
the “forest for the trees” is no easy task. It circulated locally by an irate citizen that gies for reducing sidewalk damage have
means broadening the discussion from myread, “WARNING!! The city wants to cut potential to save residents a substantial
tree to our trees and from now to the downthe treeinyour frontyard!” City Hall 5y ount. These strategies include: a) di-
future. It implies that we all share a civic fielded dozens of calls from worried resi- recting tree roots away from paving such as
duty to manage the community forest to dents and assured them that their “eighbor'propagating trees with vertical rooting pat-
benefit not only ourselves, but our chil- hood was not going to be “clear-cut.” A terns, b) engineering hardscapes that are
dren. At the recent National Urban Forestfollow-up article in the Bee cited several |gqq costly to repair, and c) providing more
Conference in Seattle, Janice McDougleresidents' desire to retain their space for tree roots through design and
(Deputy Chief, State and Private Forestry, neighborhood’s tree canopy cover. Eighty- planning.
US Forest Service) said credible researchsix year old Louise Dunham said, “Its like Cries of “timber” raised an alarm in
expands the public’s understanding and thisan outdoor cathedral. The leaves are golden o gesto. Although a false alarm, it gave
helps narrow the debate. I'd like to shareand the light shines through. I'm glad I got \gice to the community’s deep sense of
one example of how this has happened. to experience it.” loss should many of the old Modesto ash
We recently completed a benefit-cost  In the spotlight of public scrutiny, city p5ve to come down. At the same time the
analysis of Modesto’'s municipal urban tree managers held a series of meeting%ommunity came to realize that its forest
forest and found that for every $1 spent onwith local residents, elected officials, and ;g surprisingly fragile and in an era of
Modesto’s 92,000 city-owned trees, resi- the news media to explain their approach toy g nsition. Research information helped
dents receive nearly $2 in benefits. We managing this aging urban forest. Our re- yee managers explain why maintaining pro-
also pointed out some looming problems, search findings were used to focus thegram funding can make it possible to retain
such as the preponderance of Modesto aspublic’s passionate response to incom- neighborhood tree cover while at the same
that are 40 or more years old. These treeplete information on perpetuation of the tjne transitioning to a more diverse and
comprise 14% of the population and ac- community forest. stable tree population. The benefits of se-
count for 22% of total benefits. We noted 1.) On average the city spends $29 PeTiectively removing and replacing unhealthy
that as these trees near the end of their liféree on management but residents receivgyqeag compared to clear-cutting neighbor-
cycle there is an increasing risk of losing $55 a year in benefit for a net annual j,554s were made tangible. The Modesto
substantial tree canopy cover and associbenefit of $26 per tree. The largest ben'example illustrates how scientific infor-
ated benefits if disease, drought, or budge€fits are from air pollutant uptake, air con- ation can help tree managers concentrate
cuts accelerate their mortality. ditioning energy savings, and aesthetics,iheo public’s passion for trees on issues
Ten years ago the city was removing while 74% of all expenditures are for ma- cantral to the future health of community
300 to 400 trees a year, and refused taure tree care. forests. As funding for research becomes
remove healthy trees that were damaging 2.) Although the community forest ap- increasingly limited it is important to real-
sidewalks or driveways. However, in an pears stable and permanent due to the many,q nat nurturing urban forest science can
effort to increase the forest's age and spe-old Modesto ash, hackberry, and plane help us see the forest for the trees.
cies diversity they relaxed the removal trees, it is really very fragile. These “at-
policy and began removing, upon residents’risk” species require and receive intensive Taxen from:
request, Modesto ash trees that were coneare. Without continued program funding czjifornia Trees: Exploring Issues in
flicting with sidewalks and power lines. to maintain the health of these trees, the yan Forestry 10(3): 5,9. 1999.
Currently the city replaces about 1,300 benefits they produce will be lost prema-
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Campus Authors Win ASLA Award

Ecology, Culture, and Design traditional garden to an ecological one re-
sets for itself the daunting task quires knowledge, feeling, insight, and cre-
of redefining the meaning of ative flexibility. By keeping the central is-
the word “garden”, both as a sues of the new garden paradigm in mind-
noun and a verb. As authors namely, sense of place, diversity of form,
Francis and Reimann state: meaning, and fitness- the designer or gar-
“When we understand that denerwillmore easily be able to make critical
nature and culture in fact in- decisions."
form each other in the making Throughout the book’s six chapters, the
of a sustainable and regenera- authors employ broad brush strokes to in-
tive garden, we forge a new troduce and interweave ecological ideas
environmental ethic, a garden with landscape design principles in a non-
ethic, that allows us to create technical and poetically engaging manner.
ecologically vibrant and cul- The book’s “landscape garden” ideas and
turally rich environments.” goals are also lovingly illustrated by beau-
While the concepts of ecologi- tiful photographs and through Yan
> s cal design are not new to land- Nascimbene’s beguiling drawings. lllustra-
e scape professionals, they have tions include an array of Californian natural
CULTURE, ANE DESIGH yet to significantly affect the scenes and many photographs of success-
practice of gardening and gar- ful landscape gardens. The book is aug-
dendesigninthe United States, mented by short and discriminating appen-
afactthat can be confirmed by dicesthat provide lists of periodicals, books,
the briefest drive through any natural history and garden organizations,
urban, suburban, or exurban nurseries, public gardens, and designers.
residential neighborhood. The The book’s message is reaffirmed in a
. . public’s perception of gardens compelling epilogue, “Healing Landscapes”,
Mark Francis, FALSA, Professorinthe derives, on one hand, from glossy picturewhich reminds us that the processes of
Landscape Architecture Program and Di- pooks displaying impossibly beautiful, exu- developing landscape gardens may simul-
rector of the Center for Design Research alyerantly flourishing plants, typically witha taneously help residents of raw and ravaged
UCD and Andreas Reimann (formerly ofthe yaguely “English” look to the scene; on the suburbs develop more enduring ecological
University of Dresden in Germany) and cur- gther hand, the public view appears stronglyroots in the land and “heal” their own lives.
rently serving with Marilu Carter as Land- nfluenced by garden center aisles loaded  Like the state itselfhe California Land-
scape Extension Specialist in the Depart-yjith chemical fertilizers, herbicides, fungi- scape Garderis a sumptuous and varied
ment of Environmental Horticultureat UCD  ¢iges, and pesticides. feast for the eye and the mind. If this book
recently won the 1999 Award of Honor for  Thjs js the large and potentially recep- inspires new approaches to garden design
Communications from the American Soci- tive audience for whom Francis and or other publications on landscape garden-
ety of Landscape Architects for their book, Rejmann’s book will provide revelationand ing, it will serve two immensely valuable
The California Landscape Garden: Ecol- jnspiration. At its heartThe California  functions.
ogy, Culture and Desigrhe ASLAstates: | andscape Gardeis about using garden The California Landscape Garden:
“A testament to the growing popular inter- gesign principles to learn how to relate Ecology, Culture and Desigmay be or-
est in ecological gardening and garden desitively to one’s home environment, eco- dered on the Web at the URL: http:/

sign, this book brings the beauty, resourcessystem, and place: “The transition from awww.ucpress.edu/books/pages/8376.html
and natural processes of the California land-

scape 1o the Cvc;?gugb‘ﬁrsdheend by the Univer-  Dave Burger Wins 1999 Distinguished Service Award
sity of California Press in June 1999. The Dave Burger was among 12 individuals singled out by their peers for outstanding
following excerpts from a review by lain ~ contributions to the teaching, research and public service mission of the UC Division of
Robertson, chair of the Department of Land- Agriculture and Natural Resources. He received the 1999 Distinguished Service Award
scape Architecture at the University of inthe “Outstanding Faculty” category. The award recognized Dave’s leadership activi-
Washington, that appeared in the Septem- ties that brought a sense of structure to the Environmental Horticulture program, were
ber 1999 issue dfandscape Architecture  instrumental in improving communication among CE advisors and helped develop the
summarize well Francis’ and Reimann’sin- Ornamental Horticulture Research and Information Center (http://ohric.ucdavis.edu).
tent for the scope of the book and the OHRICisintended to be a state-wide Cooperative Extension resource providing research
intended audience. outreach, news, and information on the California horticulture industry.

The California Landscape Garden:

WIS = AMDREAY REIMAMN




| Volume 4, Number 1, Page 6 Winter 2000

TMDLs: The Next Generation in Water Quality Regulation

“TMDL" is one of the latest acronyms those “impaired” water bodies, states mustnumber of California’s water bodies are ei-
that those in the green industry have addedstablish TMDLSs, or total maximum daily ther subject to consent decrees to develop
to their vocabulary. Short for “Total Maxi- loads. TMDLs define how much ofapollut- TMDLs, or are the subject of notices of
mum Daily Load”, itis the battle cry ofanew antawater body cantolerate on a daily basisntent to file lawsuits that may have that
trend in water quality regulation. It signals and still meet the relevant water quality outcome. These include:
the empowering of a previously-ignored standards. All of the sources of the pollut- - Eighteen north coast watersheds in-
portion of the federal Clean Water Act of ant in the watershed combined, including cluding portions of the Garcia, Gualala,
1972 requiring states to assess the actuahonpoint sources, are limited to discharg-Lower Klamath, Upper Klamath, Albion,
quality of their bodies of water and establish ing no more than thattotal limit. The TMDL Mattole, Eel, Mad, Trinity, and Ten Mile
pollutant limits that cannot be exceeded.is supposed to be an objective, quantitativeRivers;

This may have profound implications for standard againstwhichwater qualitycanbe -Newport Bay and San Diego Creek;

generators of nonpoint sources of pollu- measured. -Several watershedsin Los Angeles and
tion, such as runoff from nurseries and ur-  This section of the Clean Water Actwas Ventura Counties, including portions of the
ban stormwater runoff. essentially ignored for years. The EPA andLos Angeles, Santa Clara, and Ventura Riv-

Following is the executive summary, re- the states were fully occupied with develop- ers, Malibu Beach, Venice Beach, and Santa
printed with permission, from a document ing the standards and permit program forMonica Bay;
entitledTMDLS: The Revolution in Water point sources, known as the National Pol-  -SanFrancisco Bay and the Sacramento/
Quality Regulatiorby Jennifer Ruffolo of lutant Discharge Elimination System, or San Joaquin Delta.
the California Research Bureau. PublishedNPDES. However, environmental lawsuits A great deal about the full meaning of
in April 1999 by the California State Library, and the courts breathed life into §303(d), the TMDL requirementsis yetunclear, evolv-
this report is an overview of the status of beginning in 1984 withScott v. City of ing, and somewhat unpredictable. Litiga-
water pollution controlin Californiaandhow Hammondln this case, the Seventh Circuit tion has thus far determined where and
recent litigation and implementation of ruledthatEPAhadtodevelop TMDLsifthe when TMDLs will be developed in Califor-
TMDL requirements may significantly alter states failed to do so. In a series of similarnia, and more lawsuits are possible, if not
the way many industries and municipalities lawsuits across the country, what becamdikely. There are not yet any statewide
conduct business in the future. The com-known as the “theory of constructive sub- policies or regulations guiding TMDL de-
plete text of this report is available on the mission” was used to force EPA to issue velopment, and the State Water Resources

World Wide Web at: lists of impaired water bodies and establishControl Board has no TMDL program or
www.library.ca.gov/crb/99/05/9905.pdf TMDLs. Another landmark decisio®i-  budget.
Congress enacted the Clean Water Act There are other problems with TMDLSs:
in 1972. In the Act, Congress created two -California lacks sufficient data to deter-

overlapping approaches to regulating water Types of p0||utant3 requiring mine whichwater bodies are clean and which
guality. One, familiar to all who follow water TMDL calculations for im- need TMDLs, and must rely in many cases
quality issues, regulates discharges from paired water bodies: on regional board staff's best professional

sewers, factory pipes, and other “point judgment.

sources.” The other, which lay quiescent for -Various interest groups differ on how
almost 12 years, requires states to establis| pesticides metals to define polluted water bodies.

quality standards for their lakes, rivers, and pacteria pathogens - There are no prescribed rules for estab-
other water bodies, and to do whatever is segiment trash or debris lishing and implementing TMDLs, so re-
required to meet those standards. Since A lowdisolvedoxygen gional boards are making them up as they go
pollution from point sources has beenlargely along.

(though not completely) cleaned up, this - Because of the uncertainty of the out-

requirement leads in the direction that stateserra Club v. Hankinsonshowed that the comes, both point source and nonpoint
regulate and clean up water pollution from all courts were prepared to force EPA and thesource representatives are taking issue with
other sources. This may include runoff and states to develop TMDLSs on specific sched-every step of TMDL developmentand imple-
irrigation return flows from farms, runoff ules, and even to require EPA to review mentation. This opposition leads to delays
from forestry operations, and runoff from recalcitrant states’ NPDES permits and pro-in establishing TMDLs, which leads to more
urban areas. Itis an understatement to chargrams. EPA is under court orderin 13 statedawsuits.
acterize this as a major escalation of waterto produce TMDLS; in 16 additional states,  California is caught between tectonic
quality control efforts. complaints have been filed seeking ordersforces. Federal law demands that the Re-
This “new” approach to water quality toforce EPAtoproduce TMDLs.In11more gional Water Quality Control Boards and
stems from Section 303(d) of the Clean Waterstates, notices of intent to sue have beerthe State Water Resources Control Board
Act. Section 303(d) requires states to iden-filed seeking EPA action on TMDLSs. develop TMDLs. Yet they have received
tify all the water bodies that do not meet  Not surprisingly, this wave of litigation little additional funding to carry out these

applicable water quality standards, and forhas not passed California by. A growing mandates. Atthe same time, delays in estab-
Continued on page 8
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Notes From the Chair...  syDpave Burger

As you have tionalflavorinvigoratingDavid Chagneis  landscape designer in the Monterey Bay
probably guessed, from the Institut National de la Recherche Region”;Rose Hayden-SmittandNicolas
the EH Depart- Agronomique in Bordeaux, France. He is a Sakovichfor “Junior Master Gardener Pro-
ment made it Master's student and will be working on gram”;Chuck IngelsandJudy McClure for
through Y2Kwith ~ comparative gene mapping of conifers in "Fair Oaks Horticultural Centettarry Kaya
flying colors. The Dave Neale’s lab for six month&ntonio for “Molluscicidal nematodes for biological
onlythingcloseto Ferrante is from the Scuola Superiore di control of pest slugs”Antoon Ploegand
a glitch that oc- Studi Universitari e di Perfetionanenio S. Steve Tjosvoldfor “Bio-fumigation/solar-
curred was whekllichael Reid’sPalm Pilot ~ Anna in Pisa, Italy and is spending a yearization for the control of nematodes and
refused to synchronize appointment files with Michael ReidandDon Hunter study-  weeds”Mike Reid, Ellen ZagoryandWes
with his desktop computer. Apparently, it ing postharvest biology of cut foliage. Hackett for “Grafting for production of
felt no one human being could attend thatAntonio will be using molecular approaches environmentaly tolerant rhododendrons,
many meetings in a single day. to investigate the control of senescence inazaleas and grevilleasziles Wainesand
We are starting off the new millenium the leaves of short-lived foliage. Inkeeping Stephen Morganfor “Ornamental selec-
with two new employees in the department.with his country of origin, he started his tions of South African origin with educa-
We welcomelan Allen as our new person-  studiesin Davis with a briefinvestigation of tional interpretive displays”; andn Wu
nelwizard and grants guru. She comesto usnolecular changes during the maturation offor “Studies of recycled water irrigation and
fromthe Chemical Engineering Dept. at UCD olive fruits. He and Dr. Hunter have isolated performance of landscape plants under ur-
so is familiar with our brand of office mad- the genes encoding chalcone synthase (inban landscape conditions”. Congratula-
ness. We also welconkeggy Fainas the  volved in the synthesis of the purple antho-tions to all the recipients. The Slosson
newest member of the greenhouse crewcyanin pigments in olives) and expansins Endowment now has a Web site where
Peggy received her Master’s Degree in the(proteins thought to be involved in fruit researchreports can be viewed andresearch
EH Departmentin 1994 and ran alandscap-expansion and softening). We hope ourproposal applications can be downloaded.
ing businessin Chico. She currently teachesiew visitors have an enjoyable and produc-The current URL is:
plant identification and other horticulture tive time in our department. http://slosson.ucdavis.edu
classes at Consumnes River Community  Congratulations tdNathan Lange on Dr. Greg McPherson Project Leader
College in Sacramento. She will be our all- the completion of his Ph.D. dissertation, for the Western Center for Urban Forest
important weekend greenhouse staff and‘Molecular changes during the expansion Research and Education, received the Cali-
work two days during the week as well.  and senescence of ethylene-insensitivfornia ReLeaf Urban Forestry Achievement
Speaking of the greenhouse cr®en  daylily flowers”, in December 1999 under Award at the Statewide Annual Meeting,
Lane (Principal Superintendent of Agricul- the supervision of co-major professhike Jan. 25, 2000. The award recognizes his
ture),Jianguo Chen(Senior Agricultural Reid andJohn Labavitch. Nathan would outstanding support of grassroots urban
Technician) andMlitch Bunch (Nursery alsoliketothankr. Carolyn Napoli andDr. forestry efforts at the local, state, and na-
Technician) won a College-Wide Staff Rec- Rich Jorgensenfor their intellectual sup- tional levels through research and public
ognition Award for their efforts in modify- port. outreach, and for the spirit and enthusiasm
ing the EH greenhouses and storage facili- The Elvenia J. Slosson Research En-he brings to the cause. California ReLeaf
ties (the infamous B-6) to accommodate dowment for ornamental horticulture has coordinates a network of 65 community-
research plants and equipment from theawarded funding forthe 2000-2001 cycletobased tree-planting and stewardship
Agronomy Department and the Departmentthe following faculty and county advisors: groups.
of Land, Airand Water Resources (LAWR) Dave Burger for “Selection and Glen Forister, staff research associate
while their facilities are being relocated. propagationn of deep-rooted ornamentaland departmentwebmaster, wasrecognized
Ron, Jianguo and Mitchinstalled 3300 squaretrees for urban environmentstarry for 25 years of service to the university. He
feet of rolling benches in three EH green- Costello, Greg McPhersorandEd Perry  received a 25-year pin and congratulations
houses to provide room for Agronomy’s for“Strategiesto reduce infrastructure dam-from President Atkinson Glen was also
research plants without reducing space forage by tree roots: A symposium for re- recognized by thBoy Scouts of America
EH research. In addition, they overhauledsearchers and practitionerkfnda Dodge  an organization to which he has devoted
the B-6 facility to furnish 1500 square feet of and Dave Burger for “Support for the manyyears. Herecently received the Silver
storage space for LAWR equipment, re- OHRIC: Extending Slosson-supported pro- Beaver Award, bestowed by the BSA Na-
moving thirty trailers of junk and displacing grams and providing administrative infra- tional Court of Honor for distinguished local
countless rats and black widow spiders instructure”; Pam Geiseland Dennis  servicetothe Scouting movement. Glenwas
the process. Congratulations to Ron and hifRittengerfor “Horticulture Notes forhome, recognized for his outstanding service to
staff! landscape and gardern’ynda Goff and  youth in his community through his activi-
More visiting scholars have arrived this Brett Hall for “Selection and display of tiesasa Scoutmaster and leader of his BSA
guarter to keep the Department’s interna-California flora for the home gardener and District.
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Continued from page 3 Continued from page 6
and are identifying genes expressed during the one day life of tHishing TMDLs bring about more lawsuits, and courts are ordering
flower by isolating and characterizing the mRNA produced aEPA and Californiato prepare TMDLs on extremely tight schedules.
various time intervals during opening and senescence. They hopkese schedules force regional boards to “just do the numbers” and
to identify one or two genes controlling key steps in the senescenissue the TMDLSs, without preparing implementation plans.
process that could be modified and re-introduced into daylily California has no choice butto establish TMDLs for itsimpaired
resulting in flowers with increased longevity. Theirfindings may bevater bodies. However, there are many unanswered questions about
applicable to other monocot flower crops such as the popular, blibw the state will develop and implement TMDLs. The key un-
ephemeral, Dutchiris. knowns are as follows:

Another area of interest for Dr. Reid's research group istempera- - What is an impaired water body?
ture control during shipping and handling of cut flowers. Many -Whatis the appropriate level of scientific knowledge to estab-
California flower growers depend on cross-country shipment of thelish that a water body is in fact impaired?
highly-perishable products and quality at the receiving end is -When will TMDLs be prepared? And how long will it take to
contingent on maintaining temperature close to the freezing poiprepare them?
during transport. An application of biotechnology research now - What happens during the time between the listing of a water
makes temperature tracking of all boxes of flowers in a shipmetiody and the establishment of a TMDL? Can the Regional Boards
possible and economically feasible. Thistechnology is based on tissue new NPDES permits or permits for expanded facilities?
action of the enzyme lipase, which breaks down triglycerides in a - Who is responsible for establishing TMDLSs: the EPA or the
solution into fatty acids. The resulting acidity of the solution andtate?
thus the action of the enzyme can be detected by chemicals that - Should all Regional Boards pursue the same approach to
change color, in this case from green to yellow. The rate of thEMDLs? Or should different approaches be employed for different
enzyme’s action is dependent on temperature; the higher the tematersheds?
perature, the faster the breakdown of trigycerides into fatty acids and -Will TMDLs include implementation plans? Or will TMDLs be
the faster the solution changes from green to yellow. Virtually angimply the allocations?
combination of time and temperature is possible, resulting from -Do TMDLs really cover nonpoint sources?
precisely varying the concentration of enzyme and substrate. -When and how will TMDLSs be implemented?
Manufactured in the form of inexpensive adhesive strips, these time/ - How should the state pay for TMDL implementation?
temperature indicators can be mixed to change color after one, two - What will it cost to develop and implement TMDLs?
or four days above 32°F. They can be placed in each box of flowers Depending on how these issues are resolved, TMDL require-
and activated at the start of shipping. When the boxes are opermadnts may prove to be the mostimportant change in environmental
at their destination, the receiver can judge the condition of tHaw in California since the Endangered Species Act, and the most
flowers by how many green or yellow dots are seen. This sansignificantchange in water quality control since the Clean Water Act
technology is being used in the food industry and may one day litself.
as commonplace as the expiration date on many perishables.
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