
work on crops where potential payoffs are big.
Minor crops such as those in the floriculture trade may not be

profitable enough to warrant this type of investment. However,
there are some transgenic flower crops in the trade at this time and
more are beingdeveloped. Ball FloraPlant recentlyintroduced a
transgenic geranium that has a unique random color pattern on the
flowers.

Although these geraniumcultivars were very hot in the market
when theywere introduced in 1997, the path to profit is notalways
so clear for biotechcompanies. The biotech landscapeis littered
with complicated intellectual property issues (i.e. patent protection)
that hinders work with many genetic traitsas well as the techniques
used to create novel plants. In addition, the number of known
genetic traits is still fairly limited. But the biggest concern for com
panies looking to profit from genetically modified plants is wheredo
theycapturethe value oftheir investment. With input traits, grow
ers will pay more ifyou can demonstrate biggeryields or more effi
cient production. But with output traits, the grower needs to see a
clear market advantage before they will pay more for the seeds or
cuttings.

Regardless of these limitations, agricultural biotechnology is hav
inga noticeable impacton modern agriculture. This impact appears
destined to increase rapidly and may soon affect our daily lives.

New England Greenhouse Conference
October 19-21,1998

Worcester, Massachusetts

The dates for this year's New England Greenhouse
Conference have been set, so mark your calendarsnow!
You don't want to miss this important biennial event.

The conference has moved to a new location, at the Worcester
Centrum Centre, which features a brand new, state-of-the-art facility.

Once again the conference will feature a large trade showwith
national and international exhibitors ofgreenhouse equipment, sup
plies andplant material. Theeducational seminars have expanded
to include threefull days oflectures plus a Tuesday evening pro
gram. Educational sessions by nationally recognized speakers will
focus ongreenhouse cropsproduction, marketing, pest manage
ment, greenhouse engineeringand herbaceous perennials. There
will be an opportunityfor New England growers plus growers from
New Jersey, New York and Pennsylvania to obtain pesticide recertifi-
cation credits.

A complete program and registration form are now on the web.
Check out the New England Greenhouse Conference web site at:

http://www.uvm.edu/~pass/greenhouse/negc.html
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such as high humidity or low light. Other growers noted Oro^i^i
outbreaks of two spotted mites on Ipomoea. Gardeners occa^nmSv
notice feeding damage from Japanese beetles, too. awiwiiy
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Managing Weeds in the Greenhouse
Leanne Pundt

Extension Educator - Commercial Horticulture

aintaining weed-free growing
conditions is necessary to
produce high quality green

house crops. Insects and diseases can be kept to aminimum only if
proper weed control practices are carried out regularly, along with
the appropriate control measures. Weeds such as creeping wood-
sorrel, (Oxalis corniculata), hairy bittercress (Cardamine hirsuta),
prostrate spurge (Euphorbia humistrata), chickweed (Stellaria
media) and others are persistent problems in greenhouses. These
annual weed species reproduce primarily by seed, with several gen
erations occurring peryear. It is critical to remove weeds before
they flower and produce seed.

Weeds may also compete with desirable crop plants for light,
water and nutrients. The presence ofweeds also reduces theaes
thetic value of the crops grown and creates a poor impression to
customers. Weeds are alsoa primary sourceofinsects such as
aphids, thrips, mites and whiteflies. Many common greenhouse
weeds may be reservoirs of impatiens necrotic spot virus (INSV)
while not showing anyvisible symptoms.

An integrated weed management program will help to effectively
manage weed populations. This includes the use of cultural con
trols (prevention and sanitation), mechanical controls (hand

M
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pulling), physical controls (physical barriers) and the selective use
of chemical control (postemergence herbicides).

To prevent weed seeds from being blown into the greenhouse,
maintain a 10- to 20-foot weed free barrier around the greenhouse.
Ageotextile fabric can be used both inside and outside the green
house to prevent weed growth. Control weeds with herbicides or
by mowing. Close the greenhouse vents during herbicide applica
tions to prevent drift inside to sensitive crops.

Using Herbicides in the Greenhouse

Pew herbicides are labeled for use in a greenhouse due to the
potential for severe crop injury to occur. This injury may occur in a
number of ways including: 1) spray drift may occur if fans are oper
ating at the time of application and 2) herbicides canvolatilize,
changing from a liquid to agas. Herbicide vapors can then be easily
trapped within an enclosed greenhouse and injure desirable plant
foliage. Always be sure the herbicide selected is labeled for use in
the greenhouse.

Herbicides aregenerally classified according to thestage of weed
growth affected. Preemergeiice herbicides are applied before weeds
emerge and provide residual control ofweed seedlings. Currently,
there are no preemergeiice herbicides labeled for greenhouse use.

Table 1. Herbicicles labeled for use within a greenhouse
1

Trade Name Chemical

Name

EPA Reg.
No.

Manufacturer Mechanism

of Action

RF.I in

hours
Envoy Clethodim 59639-78 Valent USA

Corporation
Selective,
contact,

meristemic

inhibitor

12

Finale Glufosinate-

ammonium

45639-187 AgrEvo Semi-selective,
cell membrane

disruDtor

12

Reward Diquat
di bromide

10182-404 Zeneca

Professional

Products

Non-selective,
contact,

cell membrane

disruptor

24

Roundup
DrvPak

Glyphosate 524-136 Monsanto

Company
Non-selective,
systemic

12

Roundup Pro Glyphosate 524-175 Monsanto

Company
Non-selective,
systemic,
aromatic

4

Scythe Pelargonic acid 53219-7 Mycogen Non-selective, 12

Corporation contact
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ism). Similar efforts are being made to map the entire genome of a
broad-leafed plant called arabadopsis and also of the grain crop
rice- a monocot species. As new genes are discovered, scientists
can then probe the function ofthe gene by "knocking it out" and
then observing how this affects the normal growth and develop
ment of the plant.

Once a trait is identified, it is time to assemble the promoter-gene
construct and insert it into the crop of interest. Of course this is not
an easy task. The basic process involves: (1) multiplying the DNA to
get a large quantity to work with, (2) putting the DNA in a vector
that is capable of transferring the genetic package into the plant,
and then (3) retrieving aplant that expresses the new genetic trait.

To make multiple copies of the gene, the small piece of DNA (that
represents the gene) is inserted into a plasmid vector. Plasmids are
similar to viruses, but cannot move from cell to cell in the same
fashion as avirus. Plasmid vectors are small circular pieces of DNA
that come from natural plasmids that occur in bacterial cells. The
plasmid is then placed into bacteria, usually a special strain of the
common £ coli bacteria, and then the E. coli is allowed to multiply
to make thousands of copies of the gene that the plasmid is carry
ing. This DNA can then be retrieved, concentrated and introduced
into the plant.

DNA is usually introduced into the plant using either agene gun
or aspecial bacteria called Agrobacterium. With the gene gun, gold
pellets are coated with DNA and the gene is literally blasted into the
plant cell on agold bullet. This is truly ashotgun approach but it is
the most effective method for many plant species including most
monocots. With the second method, the DNA of interest is passed
from the Ecoli to the Agrobacterium and the Agrobacterium is capa
ble of infecting the plant and passing it's genes into the plant.

Both Agrobacterium and gene gun vectored plant transformations
are carried out on tissue cultured plant parts. This means that you
need to be able to first get the plant into a tissue culture system.
After the gene is introduced you must retrieve awhole plant from
the individual cells that have been genetically modified while selec
tively killing the cells that have not been genetically modified. This
process is called selection and represents a real challenge for
biotechnologists.

Hundreds, thousands oreven tens of thousands of tissue cul
tured ex-plants may have to be screened in order to obtain asingle
genetically modified plant that expresses your trait at a commercial
ly valuable level. As you can imagine this is time consuming labor
intensive, and the techniques arevery expensive. For that reason
commercial biotechnology companies carefully screen projects and
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serieswould offer a distinct benefit to the grower.
To understand how plants canbegenetically transformed with

foreign genesand how novel traits can be expressed in common
crops you need to know a little about howgenes work. When a
gene isactivated it produces a message that leads to theproduction
ofa protein. Theprotein may have a direct structural or chemical
activity or it may control the production ofother chemicals that
have a structural or chemical function. An example ofa direct func
tion would be a protein that is 'toxic' to fungi and bacteria. Certain
ground dwelling insects are known to make such proteins toprotect
themselves from microorganisms in thesoil. An example of an indi
rect role would be a protein that controlled the production ofa
plant hormone that then influences plant growth and development.

Not all genes are active at all times. Gene promoters control
when a gene is turned onor off. The promoter isa region ofDNA
that activates the geneinresponse to sometypeofstimulus such as
a specific environmental condition. This is important to know
because it is one of thethings that genetic engineers can exploit in
developing transgenic crops. The promoter region from one gene
can be attached to a completely different geneto create a novel
function. For instance the promoter from a plant gene that is only
active inwounded tissue can be attached to a bacterial gene that
produces an insecticide. When this newly constructed gene isput
in a crop plant, it results in plants thatproduce the insecticide only
ina part of the plant that is being damaged by a pest. Promoters
havebeendiscovered that are turnedon all the time, others are
activated only by specific environmental signal such as heat,while
still others areactive at very specific stages ofdevelopment or in
very specific parts of the plant such as the leaves or flowers. This
gives genetic engineers great latitude in howthey control the
expression of a trait.

The most amazing thing about genetic engineering is that genetic
material fromvastly different organisms can be assembled into
novel genecombinations and then inserted intoa plantor animal of
interest. That is howresearchers have beenable to express human
antibodies in rabbit milk, animal vaccines inpotatoes or jellyfish
luminescent in plants.

How are plantsgenetically transformed? The process starts
when a gene is identified and then cloned. World-wide there are
manyresearchers involved in mapping and identifying allof the
genes in a few selected species of plants, animals, bacteria and
insects. I'm sure most people haveheard of the human genome pro
jectwhich is a project to map the entirehuman genome (genome
refers to all of thegenes that arecontained in theDNA of anorgan-
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Postemergence herbicides are applied after the weeds have
emerged. In the greenhouse, several postemergence herbicides can
be used under greenhouse benches and on the floors (See Table 1).
Contact herbicides such as Scythe and Reward are best applied to
small succulent seedlings. Envoy, a selective herbicide is best
applied to actively growing grasses beneath greenhousebenches.
Systemic herbicides such as Roundup are best applied toactively
growing weeds when temperatures are above50°F. However,
Roundup can only beused inan empty greenhouse between crops.

Editors note: Ifanyinformation in the tables is inconsistent with the
label, follow the label. The information in the tables in accurate as of
publication but issubject to change.
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Table 2. Herbicides and their characteristics.
Trade

Name

Envoy

Finale

Common

Name

Clethodim

Glufosinate-

ammonium

Target Weeds

Annual and

perennial
grasses

Annual and

perennial grasses,
broadleaf weeds

Rate/1 gal

0.65 to

1.3fl.oz.

1.5 fl oz.

Comments

Does not control sedges or
broadleaf weeds. Apply to
actively growing grasses
from two to 6 inches tall
(See label for specific weeds
controlled). Do not apply
postemergence broadleaf
herbicides within one day
following application.
Apply to actively growing
weeds under greenhouse
benches. Air circulation fans
must be turned off during
application. Apply as a
directed spray, using a large
droplet, low pressure type
nozzles. Avoid drift and

direct contact with desirable
vegetation. Do not use in
greenhouses containing
edible crops.
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Reward Diquat
dibromide

Annual weeds 0.75 oz Apply to actively growing,
succulent weeds beneath
greenhouse benches. Avoid
contact with desirable
foliage as injury may occur.
Do not use on food crops.
Relatively high mammalian
toxicity.

Roundup
DryPak

Glyphosate Annual grasses
and broadleaf

weeds

1 packet Donot mix, store, or apply
in galvanized steel containers.
Desirable vegetation must
not be present during appli
cation. Air circulation fans
must be turned off.

Roundup
Pro

Glyphosate Annual and

perennial weeds
1.3 to

2.6 fl. oz.

Use higher
rates

outside

the green
house.

Do not mix, store, or apply
in galvanized steel containers.
Desirable vegetation must
not be present during
application. Air circulation
fans must be turned off.

Temperatures should be
above 50°F.

Scythe Pelargonic
Acid

Annual and

perennial broad
leaf and grass
weeds as well a

most mosses

6.5 to

13fl.oz.

For

mosses

use 4 to

6 2/3fl.oz.
per gal.

Apply to young, succulent
weeds. Cool or cloudy
weather may slow down
activity. Thorough coverage
needed. Provides no

residual weed control.

Do not use over desirable

plants for moss control.

Herbaceous Perennials Production-
A Guide from Propagation to Marketing:

A Book Review

Leanne Pundt

Extension Educator - Commercial Horticulture

Perennial growersof all sizes will welcome the publication of Dr.
Perry's new book, Herbaceous Perennials Production - A Guide

from Propagation toMarketing. This 220-page book focuses on the
manydifferent types of production within the perennial industry.

Connecticut Greenhouse Newsletter
20

What's Cooking in
Plant Biotechnology

Richard J. McAvoy
Associate Professor and Extension Specialist -

Greenhouse Crops

lant biotechnology involves
modifying a crop by introduc
ing a novel genetic trait into

the plant. For mostgrowers this translates into the availability of
new cultivars that are either easier to grow or more valuable in the
market place. Farmers who produce field crops such as cotton,
corn or soybean are probably more familiar with 'transgenic' crops
than the average flower grower. In 1997,an estimated 20 million
acres of genetically modified field crops were produced in the U.S.;
this number is expected to equal 30 to 50 million acres in 1998.

Genetic traits can be separated into twogroups, generally
referred to as input traits and output traits. Input traits are crop
characteristics that directly benefit the farmer. Examples of input
traits includecrops that have been genetically modified to express
insect or disease resistance, or tolerance to a specific herbicide.
For large mono-cultured crops like corn or cotton it is easy to see
how these types of characteristics have direct value to the farmer.
Forexample, a corn variety that produces it's own pesticidecould
be planted overhundreds or thousands ofacres, and the grower
would save money by not investing labor and materials to control
insect pests. However, thrips resistance in a single impatiens vari
ety would not have the same impact fora beddingplant grower.
With dozens ofother speciesand cultivars in the samegreenhouse,
a grower would still need to control pests.

Output traits are crop characteristics that benefitthe consumer,
such as a homeowneror a food processor. Examples ofoutput
traits would include improving the nutritional value of a food or
feed, grains that produce specialized oilsor plastics for industrial
use, foods that produce oral vaccines for medicinal use on humans
or livestock, or in the case of flowercrops, unique colors or color
patterns, fragrances that may increaseconsumer appeal, or
improved post-harvest keeping quality of pot crops. Because of the
great diversity of crops produced in the greenhouse, it is easier to
see how output traits will impact floriculture than it is forinput
traits. Monocultured greenhouse cropssuch as poinsettia may be
the exception. For instance,whitefly resistance in a poinsettiacolor
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