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Introduction 
 
This timeline provides a general overview of the crop production, key pests, and worker 
activities for greenhouse grown roses in California.  Cut roses must meet high aesthetic 
standards set by buyers.  
 
Value and Size of the California Greenhouse Rose Industry 
 
Roses are the single most popular fresh cut flower with consumers.  Rose production is 
currently the largest component of the $410 million cut flower industry in California.  In 
2001, California growers produced 66% of the US rose crop with a wholesale value of 
$45 million (Floriculture Crops 2002 Summary, Agricultural Statistics Board, NASS, 
USDA).   The major rose production areas of California are San Diego, Santa Barbara 
and Santa Cruz Counties.   
 
California supplies approximately 184 million stems of fresh cut roses sold in the U.S. 
Approximately 1.2 billion stems of roses were bought in 2003. (California Cut Flower 
Commission CCFC Fact Sheet, 1/04) 
 
The rose is one of the oldest flowers in cultivation, having been grown for over 5,000 
years.  Over 10,000 cultivars have existed over the centuries.  Rose breeding firms exist 
in every major rose growing country and new cultivars move between countries rapidly.  
Commercially, four major groups of rose cultivars are recognized:  (1) cut flowers, (2) 
miniature potted flowering plants produced from stem cuttings, (3) potted flowering 
holiday plants produced from bare root plants, and (4) potted garden plants produced 
from bare root plants.   
 
Rose varieties grown for the cut flower market are different from those grown for 
landscape use.  Abundance of flowers, stem length, bud shape, vase life, disease 
resistance, and color determine which varieties are grown.  There are numerous types of 
cut roses:  long stem standards, short stem standards, small flowered sweet-hearts, multi-
flowered bunch roses, and outdoor grown “garden” or “antique” roses.   
 
Some common objectives of rose breeding programs are disease and insect resistance, 
flower productivity, flower form, size and color, stem strength and length, improved post-
harvest characteristics, cold hardiness and heat resistance, and improved flower 
fragrance.   
 
Cut Flower Statistics (Roses and others) 
 
Approximately 300 California growers market cut flowers and foliage valued at nearly 
$366 million (farm gate value) annually. While there are a number of very large cut 
flower producers, many operate smaller, family run nurseries located along the California 
coast. (CCFC Fact Sheet, 1/04) 
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More than 68% of all domestically grown, commercially sold, cut flowers are produced 
in California.  California’s dominance of the domestic cut flower industry is due to its 
favorable climate, which allows for year-round production of an enormous variety of 
flowers and cut greens. (CCFC Fact Sheet, 1/04)  Most cut flowers are purchased during 
four key holiday months: February, April, May, and December.  
 
More than 5,000 acres are devoted to commercial growing of fresh cut flowers in 
California. This includes more than 38 million square feet of greenhouse area, 214 acres 
of shade cloth, and 4,100 acres of outdoor fields. (CCFC Fact Sheet, 1/04) 
 
The leading states for cut flowers are California, followed by Florida, Hawaii, 
Washington, and Oregon.  (Floriculture Crops 2002 Summary, Agricultural Statistics 
Board, NASS, USDA) 
 
The wholesale value of domestically produced cut flowers is $410 million for 2002, 
down 2 percent from 2001.  California’s value is $279 million, 68 percent of the total cut 
flower value in the 36 surveyed states.  The top three valued cut flower categories are 
Lilies at $57.7 million, Roses at $56.2 million and Tulips at $28.3 million.  (Floriculture 
Crops 2002 Summary, Agricultural Statistics Board, NASS, USDA) 
 
For the 2002 twelve-month season, imported cut flowers and greens accounted for some 
70% of the total U.S. supply. Ten years ago the balance was reversed with 45% imported 
and 55% produced domestically.  Almost all the major cut flowers have experienced 
declining sales in the past decade.  Imports have supplanted domestic grown flowers, 
such as roses and orchids.  The reason behind these downward trends is the general drop 
in U.S. demand for cut flowers since 1997 when total cut flower supply and consumption 
peaked.  Higher priced domestic cut flowers helped shift demand toward imported cut 
flowers and other domestic grown floral crops.  Thus, while the import share of U.S. cut 
flower consumption remained around 60 percent, domestic cut flower production 
continued to recede.  U.S. growers shifted production toward potted flowering plants, 
bedding and garden plants and foliage plants.  (Floriculture and Nursery Crops Situation 
and Outlook Yearbook, Economic Research Service, USDA, June 2003) 
 
The bulk of imported cut flowers come from Columbia, Ecuador, and the Netherlands in 
this order.  Columbia supplies most of the imported roses, carnations, and 
chrysanthemums while Ecuador ships more roses than other cut flowers to the United 
States.  The Netherlands is the prime source for tulips.  Canada and the Netherlands 
supply three-quarters of the U.S nursery stock imports. (Floriculture and Nursery Crops 
Situation and Outlook Yearbook, Economic Research Service, USDA, June 2003) 
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Table 1.  California Floriculture Statistics for 2002 
 
Kind Producers Unit Quantity 

Sold 
(1000s) 

Wholesale 
Sales (%) 

Wholesale 
Price ($) 

Wholesale 
Sales 

($1000s) 

CA 
% 
of 
U.S. 

Cut Flowers        
Alstroemeria 37 Stems 14,490 99 .16 2,304 45 
Carnation 21 Stems 17,902 97 .15 2,596 80 
Chrysanthemum 30 Bunches 11,532 99 .01 14,992 81 
Delphinium/Larkspur 58 Stems 37,773 100 .22 8,348 88 
Gerbera 27 Stems 73,557 100 .30 21,626 95 
Gladiolus 17 Spikes 17,726 100 .30 5,282 20 
Iris 42 Stems 61,529 100 .20 12,183 75 
Lilies 51 Stems 78,819 99 .59 46,503 81 
Lisianthus 41 Stems 13,056 99 .45 5,862 92 
Orchids 13 Blooms 8,100 99 .72 5,824 55 
Rose 41 Stems 105,706 99 .34 36,363 65 
Snapdragon 53 Spikes 45,736 99 .23 10,656 64 
Tulip 30 Stems 47,860 99 .31 14,837 52 
Other 158   91  91,205 69 
Total   533,786   277,581  
Potted Flowering 
Plants 

       

African violet 14 Pots 1622 100 1.74 2,817 14 
Azalea 24 Pots 1,515 97 5.04 7,835 15 
Chrysanthemum 19 Pots 6,693 100 2.52 18,805 24 
Easter Lily 30 Pots 1,415 100 3.71 6,088 17 
Orchids 41 Pots 4,298 95 9.8 40,903 39 
Poinsettia 89 Pots 9,360 95 3.64 38,077 15 
Spring bulbs 29 Pots 2,705 100 2.6 7,429 14 
Other 80 Pots 19,870 99 3.43 66,876 33 
Total   47,478   188,830  
Foliage Plants        
Hanging baskets 60 Baskets 3,977 100 3.50 13,920 16 
Potted foliage 106 Pots  98  76,492 13 
Total   3,977   90,412  
Herbaceous 
Perennials 

       

Chrysanthemum 39 Pots 5,745 100 1.41 7,383 6 
Hosta 18 Pots 76 95 3.55 270 1 
Other 82 Pots 19,898 97 4.37 42,724 10 
Total   25,719   50,377  
Bedding/Garden 
Plants 

       

Begonia 51 Flats 4.61 96 8.46 3,900 7 
Geranium, seed 6 Flats 13 100 9.93 129 2 
Geranium, cuttings 19 Flats 181 98 11.96 2,165 21 
New Guinea 
Impatiens 

13 Flats 111 97 10.85 1,204 18 

Impatiens 62 Flats 1,844 99 9.95 18,348 16 
Marigold 57 Flats 1,055 99 10.43 11,004 22 
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Kind Producers Unit Quantity 
Sold 

(1000s) 

Wholesale 
Sales (%) 

Wholesale 
Price ($) 

Wholesale 
Sales 

($1000s) 

CA 
% 
of 
U.S. 

Pansy/Viola 59 Flats 1,837 99 10.23 18,793 18 
Petunia 62 Flats 1,662 97 10.09 16,770 18 
Other 64 Flats 6857 99 9.7 66,513 20 
Vegetative type 46 Flats 1,590 99 10.29 16,361 24 
Begonia 50 Pots 2,127 78 1.63 2,341 10 
Geranium veg. 48 Pots 7,303 100 1.67 11,077 10 
Geranium seed 22 Pots 2,059 97 1.27 2,605 7 
New Guinea 
impatiens 

47 Pots 2,285 100 1.43 3,378 8 

Impatiens 50 Pots 5,324 89 1.2 4,363 18 
Marigold 38 Pots 1,954 92 .95 1,864 24 
Pansy/Viola 40 Pots 4,348 91 .84 3,648 12 
Petunia 40 Pots 4,081 96 1.13 4,184 16 
Other 64 Pots 33,671 97 1.54 46,484 16 
Vegetative type 40 Pots 6,319 99 1.29 5,883 14 
Begonia 19 Baskets 25 94 7.08 177 1 
Geranium, cuttings 30 Baskets 175 99 6.83 1.195 4 
Geranium, seeds 6 Baskets 18 75 7.74 139 4 
New Guinea 
Impatiens 

26 Baskets 176 99 6.72 1,183 4 

Impatiens 25 Baskets 140 99 5.62 787 4 
Petunia 20 Baskets 53 97 6.06 321 2 
Other 33 Baskets 795 99 7.77 6,177 6 
Total   86,007.61   249,799.195  
Cut Cultivated 
Greens, other 

42   99  16,237 27 

Propagative 
Material 

       

Cut flowers      6,565 95 
Potted flowering 
plants 

     18,011 25 

Bedding/garden 
plants 

     30,195 18 

Herbaceous 
perennials 

     4,423 8 

Foliage      3,965 13 
Total      63,159  
Source:  http://jan.mannlib.cornell.edu/reports/nassr/other/zfc-bb/floran03.pdf 
 
Production costs vary from nursery to nursery, seasonally, and due to other factors.  
These data are considered confidential by nursery operators and are not discussed in this 
timeline.
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Propagation  
 
Bud grafting is used to propagate rose cultivars used for cut flowers.  The rootstock 
species for cut flower production vary from location to location worldwide.  The axillary 
bud of the desired cultivar is inserted into the virus-free rootstock and secured by 
wrapping.  Three to four weeks later the shoot above the union is partially severed and in 
another six weeks the aerial part of the rootstock is completely removed.  One inch of 
stem remains above the new shoot.   
  
Cutting propagation of the rootstock occurs from late October to mid December.  Rooting 
is completed by late January or early February, and budding occurs in late March to early 
April.  Harvesting of dormant plants and grading starts in mid-December.  At this time 
the new shoot is cut back to 8 to 10 inches above the graft union.   
 
In some locations in California a form of grafting called stenting is replacing traditional 
bud grafted plants.  Cutting and grafting is performed in one action. The success of 
simultaneous cutting and grafting is cost effective. In practice, the scion consists of the 
cultivar stem taken with one leaf and a dormant bud. The scion is grafted on a single 
internode of the non-rooted rootstock. Formation of the graft union and of adventitious 
roots on the rootstock occurs simultaneously. The combined process takes three weeks. 
The plant produced in this process is called a “miniplant” and is transplanted into the 
production system when the plant is 8 to 15 cm tall and has functional roots. 
 
Plants started from bud grafts are generally larger with stronger canes than miniplants. As 
such there is shorter time from planting in the production system to the first harvest of cut 
roses for the larger plants. Typically roses grown in the ground or in raised beds are 
started with the larger bud grafted plants while roses in hydroponic production are started 
with miniplants. 
 
Traditional Rose Production  
  
Driven largely by seasonal demand, the U.S. market for cut roses presents a challenge to 
growers.  Meeting the Valentine’s Day demand, for example, requires that growers 
deliver their product within a 5-day window of time.  To meet this challenge, growth 
must be timed precisely so most cut roses are grown in greenhouses where heating and 
cooling can be carefully monitored.  Most commercial rose greenhouses are anywhere 
from 50,000 to 100,000 square feet and most operations operate 5 to 10 greenhouses.   
 
To take maximum advantage of greenhouse space, rose plants are planted in hedgerows.  
Traditional media are native soil and potting mixes.  Over the past 10 years many 
growers have switched to hydroponic production systems that utilize a substrate for the 
root zone consisting of coconut coir, clay pellets or rockwool.   
 
Rose varieties grown for the cut flower market are selected based on abundance of 
flowers, stem length, bud shape, vase life, disease resistance and color.   
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For all varieties, optimum production depends on an adequate supply of water and 
fertilizer.  Through a system called fertigation, given volumes of fertilizer are injected 
into irrigation water and delivered to plants via water lines and emitters.  The goal is to 
supply the best balance of essential elements at all times.   
 
It takes from 40 to 57 days to produce a rose in the greenhouse, depending on variety, 
time of year, and light conditions.  A greenhouse rose is grown 365 days of the year and 
is generally kept in production for 5 to 7 years before being replaced.  These plants, 
cycling on a six to eight week schedule produce about six crops a year.   
 
Growers must produce flowers for two different markets in the US. One market is the 
demand created by the uniform steady use of flowers each day (weddings, events, home 
decoration, etc); another market is to meet the substantial increase in demand at certain 
holidays (e.g. Valentines Day). Grower typically cannot sell into just one of these 
markets and thus must balance production for these two markets. 
 
Holiday production means that large numbers of high-quality flowering rose stems must 
be available for sale at desired times prior to particular holidays.  Targeting these desired 
times involves a cycle of pinching and harvesting.  Pinching is the process of removing 
the upper section of a growing shoot.  Pinches can be soft or hard, depending on the age 
of the wood.  Generally, growers want to pinch new (soft) wood.  However, hard pinches 
may be required to time for markets.  This may involve sacrificing a bud that would not 
bloom at the proper time. Harvesting is the removal of a rose shoot that is close to flower 
opening.  This cycle of pinching or harvesting has the effect that within a few days a new 
shoot begins to grow in the leaf axils of the uppermost remaining leaves.  It will then take 
4 to 6 weeks until the resulting shoots are in flower and ready for harvest.  The goal is to 
get new shoots to start growing at just the right time and to then control the greenhouse 
environment so as to bring that flush of flowers to flowering in time for the target date.  
Regulating the air temperature controls the rate of shoot development. Temperature must 
be manipulated with care, since higher temperatures can result in lower flower quality. 
The time span between a pinch or a cutback and the next harvest can be 7 to 8 weeks 
during the winter or 5 to 6 weeks during the spring.   
 
In traditional in-ground production, flowers are harvested by cutting just above the first 
or second 5-leaflet leaf, which is left for photosynthesis and the development of a new 
stem.  Throughout the growing season, the plants get progressively taller.  During 
summer when prices are down, they are pruned back. 
  
The cut roses are stored in coolers in buckets of water and then graded and sorted 
according to stem length, foliage and flower quality and stage of bud development.  Cut 
roses are shipped in refrigerated trucks or by air to florists and flower vendors. 
 
Shift to Hydroponics  
 
Prior to 1995, virtually all rose production in the U.S. involved growing plants in the 
ground.  Containerized rose production was generally limited to research centers.  
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Meanwhile in Europe, a number of rose growers were growing in rockwool and 
experimenting with various forms of gravel-culture.  Some North American growers 
adopted this culture but found it hard to live without the buffer that the soil provides in 
irrigation and fertilization management. One of the main drawbacks was that the rock 
wool slabs lasted only a few years and it was difficult disposing of the spent rock wool.   
 
Around 1995, various growers in the U.S. began using a different hydroponic production 
method.  Instead of growing in soil, plants are placed in pots with inert material, coconut 
coir or rock wool, suspended above a nutrient reservoir using a coarse expanded clay 
product in the bottom of the container.  The bottom 2 inches consists of a reservoir of 
nutrient solution.   Nutrients come from an irrigation system that precisely measures 
water and fertilizer and feeds them directly to the root zone in each pot.  Irrigation is 
generally done several times per day.   
 
By optimizing the water and fertilization, hydroponic plants can produce more flowers 
per square foot than soil-grown plants and they produce high quality flowers more 
consistently.  The irrigation system is controlled by a computer than can be programmed 
to inject different amounts of nutrient-felled water at different times, depending on the 
variety, the weather or the growth stage of the plant.   
 
Shift to Bending 
 
Around 1995 some growers in Europe and Japan started using a new canopy management 
technique of bending of undesirable stems (as a replacement for pruning and pinching).  
With “bending” rose stems are bent so that all but the bottom two nodes on the stem are 
bent down.  Thus, the stem stops elongating and the buds in the leaf axils at the base of 
the shoot (below the bend) begin to grow, while those on the bent portion are inhibited.  
The new shoots can be much stronger because they have the carbohydrate supply of the 
bent shoot providing carbohydrates for growth.   
 
Bending allows easy harvest and reduced plant sizes.  A grafted unrooted cutting is 
rooted in a rock wool medium under fog or mist.  After rooting, the rock wool block is 
placed into buckets, troughs or bags filled with a rooting material (not soil) and plants are 
grown using a nutriculture system.  Thirty to 40 days later the resulting shoots have a 
soybean size bud.  These shoots are generally too short and weak to be harvested as cut 
flowers so that for these first shoots the buds are removed and the shoots bent downward 
above the second node from the axis of shoot and main stem.  The bent stems supply 
photosynthates to shoots that develop from the basal buds.  Many of these new shoots are 
high quality and longer and can be harvested and sold as cut-flowers.  Many growers do 
not harvest these stems either, instead choosing to bend these as well, so as to “build the 
plant”. Unharvested shoots are bent downward to provide axillary buds for the next cycle 
of flowers.  Once the production system is in full production, the upper canopy contains 
only stems that produce flowers, which take 45 to 52 days to develop.   
 
This process is repeated throughout the year and the plant height does not increase when 
shoots are bent, compared with the traditional method.  Because plants do not have to be 
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pruned heavily to reduce height, production can continue uninterrupted.  Bending the 
stems allows light to penetrate the base of the plant, which increases the shoot quality.  
Longer stems can be harvested, partly because there is no need to leave two five-leaflet 
leaves, partly because the bent canopy provides extra growth potential for the growing 
shoots.  
  
The bent shoot production system favors IPM by creating a spatial separation between 
the harvested flowers and perennial foliage.  This facilitates biological control by 
permitting directed pesticide applications to the flowers, thereby conserving predatory 
mites in the lower canopy, which is where threespotted spider mites generally occur.   
Integrated Pest Management 
 
The principal goals of Integrated Pest Management (IPM) are to attain an acceptable 
level of pest control while reducing the use of pesticides and minimizing the impact on 
the environment.  IPM control methods such as biological control, habitat manipulation, 
modification of cultural practices and use of resistant varieties can reduce the need for 
pesticide applications.   
 
Growers have known for a long time that most pesticides that are applied to the foliage 
have a negative impact on photosynthesis. They have also learned that partial or 
inadequate applications tend to increase the pests resistance to the pesticide, eventually 
rending the pesticide useless. Thus they have developed a pattern of pesticide usage that 
minimizes pesticide application while maintaining the functionality of the pest 
management tool. At the same time the strategy is to prevent injury to the flower bud and 
top foliage from insects, mites and diseases.  Concerns about human and environmental 
health have resulted in increased regulatory and public pressure to encourage growers to 
reexamine their pest control methods and the growers see this as an important additional 
driving force in their pest management decisions 
 
The passage of the Food Quality Protection Act mandated a safety review of many 
commonly used pesticides, including several used by rose growers.  Reduced risk 
pesticides are another option for rose growers and work best when used as part of an IPM 
program.  Reduced risk pesticides tend to have shorter restricted entry intervals, work 
more slowly, target specific pests and have little impact on beneficial insects.  Some 
reduced-risk pesticides, due to multiple modes of action, have less potential for 
development of pest resistance.   
                                                                                                                                                                              
It should be noted that domestic rose growers, as represented by the International Cut 
Flower Growers Association (formerly Roses Incorporated), have been very proactive in 
their search for IPM methods that result in roses without blemishes.  A number of 
growers are currently experimenting with non-chemical pest control but most have found 
this approach to be only partially successful, usually requiring intervention with chemical 
pesticides at various times.  Effectively combining chemical, biorational and non-
chemical pest management strategies, as well as understanding their effect on rose 
production and pest management is a challenge facing growers who wish to implement 
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an IPM program. A number of researchers are working on the problem in conjunction 
with growers to solve this difficult problem. 

 
The last 5 years of this experimentation have yielded a number of new approaches, even 
if no completely sustainable non-chemical system has yet been discovered. For instance, 
the timing of pesticide applications in conjunction with discovery of outbreaks of pests 
has been found to be very important.  It depends on the residual life of the pesticide, the 
life cycle of the pest, and the mode of action of the pesticide. Industry-sponsored research 
has shown that scouting programs that identify “hot spots” of particular pests along with 
information about stage of development and pest counts are very effective at allowing the 
grower to treat smaller areas and to target specific insect life stages better.  By adjusting 
the pesticide application frequency to the life stages of the insects and mites, growers 
ultimately may reduce pesticide usage through greater efficacy.  For rose growers IPM 
consists of an arsenal of tools to control pests and diseases consisting of all types of 
control methods. The greatest limitation to shifting more pest management to the use of 
biological controls is that hard-to-kill floriculture pests frequently kill natural enemies, 
which favors continued reliance on conventional pesticides while discouraging the 
adoption of biological control.  Heavy pesticide use against key pests in the greenhouse 
has resulted in the widespread development of pesticide resistance in western flower 
thrips, mites, whiteflies and aphids.  At the same time, the off-shore competition is free to 
use whatever chemical tools they choose, so that forcing domestic growers to use higher-
priced, less sustainable and less effective methods is a great economic burden that 
continues to imperil the domestic cut rose industry. 
The technical difficulty of developing a complete sustainable pest management system 
that does not use conventional chemicals can be understood through the following 
example. A monitoring program and the use of reduced risk pesticides for control of 
western flower thrips work very effectively.  The western flower thrips feeds on the 
developing bud, causing scarring and distortion of the flower that may make it unsalable. 
To achieve a level of damage that is unacceptable requires a number of thrips.  University 
of California researchers found that one thrips per flower could be tolerated without 
impacting flower quality.  By using yellow or blue insect sticky traps in the greenhouse 
and counting the number of thrips on the cards and the rose flowers, a relationship 
between the numbers of thrips trapped, estimated pest pressure is determined.  When 25 
Western flower thrips are caught on a card in one week, it is expected that an average of 
one thrips would be found on each flower.  The injury to flowers caused by one thrips is 
too slight to detect and does not result in economic loss and does not require pesticide 
application. However, if the predator is unable to keep pace and the typical population 
cycles result in larger populations of pest, then the grower has this tool available to 
determine when a chemical pesticide application is needed to prevent extensive economic 
damage to the crop.   

At the same time, the grower is managing all the pests that are described in the sections 
below. Each is a population of pest and each requires special monitoring and intervention 
when it goes out of control. Thus even if thrips control is working, chemical intervention 
due to management of another pest may result in the loss of the thrips predators. If this 
happens, then suddenly the ubiquitous, low-threshold level of thrips population will 
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suddenly explode out of control unless the grower takes aggressive steps to manage this 
future threat.  

In the cut flower rose industry, IPM is understood to be a system. Growers everywhere 
are seeking a sustainable system that minimizes the use of chemicals that are hazardous 
to human and plant health and the environment, while remaining economically viable.  
Pest Management (extracted from Rose Pest Management Alliance. Website: 
http://entomology.ucdavis.edu/faculty/parrella/rose%20pma%20homepage.html) 
 
Key Pests 
  
The importance of particular pests is related to the ability to control them. Many 
pests have the potential to cause great havoc in the greenhouse. Those which are 
most difficult to control on greenhouse roses are: Western Flower Thrips 
(Frankliniella occidentalis), the Twospotted Spider Mite (Tetranychus urticae), 
Rose Powdery Mildew (Spaerotheca pannosa rosae), and mealybugs. Aphids and 
whiteflies are currently relatively easy to control with chemical pesticides; in a 
reduced-pesticide system, these two are also important pests. 
 
The western flower thrips and aphids feed on both foliage and flower. Thrips feed 
primarily on flowers in the cut rose system while aphids prefer any soft tissue.  
Thrips enter the rose flower when the sepals of the developing flower bud open 
and the flower petals become visible.  Feeding by the thrips and aphids causes 
distortion of the tissue which they infest.  
 
The spider mites and whiteflies are generally foliage feeders that extract the cell 
contents from leaf parenchyma tissue, causing foliar stippling and disruption of 
the plant’s photosynthetic and water balance mechanisms. Severe infestations can 
also involve damage of the flower bud. 
Rose powdery mildew mycelium causes unsightly white growth on the rose leaves, stems 
and flowers causing distortion and discoloration of leaves and flowers. Extensive 
infestations cause reduction in productivity as well as flowers that are unsalable. 

Mealybugs suddenly became a serious problem in 2002. It has been speculated that its 
sudden rise to “serious problem” was due to the fact that this pest was kept in check 
through various pest management strategies that were targeted at other pests. As these 
control methods were changed to bio-rational methods, suddenly mealybug populations 
were no longer under control. Regardless of the cause, this pest is currently a serious 
problem for rose growers and causing havoc with biological control systems because the 
only available control methods involve materials that interfere with the biological control 
of some other pests in the system. 

It should be noted that there are other problems that can occur in rose greenhouses. These 
include various fungal, viral and bacterial diseases, snails and slugs, worms as well as 
other insects (e.g. Leaf Miner, fungus gnats, and scale insects).  
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ARTHROPODS 
 
Western Flower Thrips, Frankliniella occidentalis 
Western flower thrips (WFT) are a major pest of roses throughout California. Thrips life 
stages include egg, 1st and 2nd instar, pre-pupa, pupa, and adult.  Eggs are kidney shaped 
and large relative to the female; they are laid within leaf tissue.  Nymphs (1st and 2nd 
instar) are slender and lack fully developed wings.  Eyespots are visible.  Adults are a bit 
larger than immatures and have fully developed wings.  There are long fringes on the side 
of their wings.  The adult female is considerably larger than the male.  Both adult and 
immature WFT are yellowish in color; however WFT males can vary in color from 
yellowish to very dark (almost black). Immatures tend to be translucent.   Development 
times to complete one generation of western flower thrips varies from 11 days (77 – 87 F) 
to 44 days (27 F). 
Damage 
 
Thrips typically feed in buds, within furled leaves, or on other unexposed parts of the 
plant.  Thrips are rarely found outside the bud or flower, unless the population is out of 
control.  Both immatures and adults feed by extracting fluids from plant cells, but 
distortion from adult feeding on flower petals and sepals is responsible for the greatest 
damage. WFT feeding discolors flower buds and leaves leaving abundant brown spots.  
Black, varnish-like specks of excrement may be observed on leaves.  Severe aesthetic 
damage may result even before buds open, reducing the economic value of a crop. 
Monitoring 

Thrips are best monitored with sticky cards in each rose bed to monitor WFT densities on 
a weekly basis.  Traps must be placed in the center of the bed and maintained from zero 
to eight inches above the foliage and buds at all times.  One sticky card should be set for 
every 5,000 - 10,000 ft2  A minimal sample size of six sticky traps is required from any 
single greenhouse.  If possible, there should be at least three sticky traps per cultivar 
sampled.  
Sticky cards should be collected each week and replaced with fresh traps (cards can be 
counted and reused if one subtracts the previous count from the new count).  The number 
of thrips per card will then be counted.  A capture greater than 25 adult WFT on a sticky 
card in a seven-day period translates into an economically threatening WFT flower bud 
density (mean of two thrips per bud). 
 
Cultural Control:  Remove weeds in and around the greenhouse as these are a source of 
thrips.  Remove open unharvested flowers. 
 
Biological Control:  A commercially available predator is the predatory mite, Neoseiulus 
cucumeris that is released at a rate of 10 to 50 mites per plant for each of 2-3 weeks.  This 
mite will also feed on spider mite eggs, pollen, and fungi.  This is not a common practice 
among producers because it is not very effective in moving from flower to flower, where 
the damage is greatest. 
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Chemical Control 
The threshold for pesticide application is based on thrips density on sticky cards. 
If the average number of WFT per sticky card equals 25 or more, growers are advised to 
spray with spinosad (Conserve) or abamectin (Avid) to the top of rose plants. Pesticide 
applications for thrips control should be directed to the flowers only. Care should be 
taken to spray into buds.   
Twospotted spider mite, Tetranychus urticae 
Twospotted spider mite adults (TSSM), as the name suggests, have two large dark spots 
on the sides of their yellowish green bodies. Twospotted spider mites are important pests 
in many agricultural systems and are the most important arthropod pest of fresh cut roses. 
Both immatures and adults feed by extracting fluids from plant cells. All stages are 
typically found on leaf undersides. Mite life stages include egg, larva, protonymph, 
deutonymph and adult. The larval, protonymphal and deutonymphal stages are further 
divided into feeding and resting stages (the active stage precedes the resting stage). These 
are nymphochrysalis (larvae), deutochrysalis (protonymph) and teliochrysalis 
(deutonymph). Eggs are deposited on leaf undersides. They are spherical, clear and about 
0.14 mm in diameter. The egg becomes opaque as it develops and two red eyespots 
appear just before hatching. The larva has 3 pairs of legs, while the protonymph and 
deutonymph have 4 pairs. Development time on rose from egg to adult is 8.3 days at 77-
95oF (night-day) and 28.2 days at 50-68oF (night-day). Two spotted spider mites have 
many generations per year and can rapidly increase in number.   

Damage 

High numbers are usually associated with dry, dusty conditions. Spider mite numbers 
may greatly increase if broad-spectrum insecticides applied for other pests kill their many 
natural enemies. The removal of plant fluids caused by mite feeding results in leaf 
stippling. Mite feeding also results in desiccation and disruption of photosynthesis. High 
mite levels can cause unsightly webbing. 

Monitoring 

Scout the greenhouse regularly and flag all plants with mites above the hook (i.e. on the 
harvested portion of the plant). The need for TSSM management is based on mite density 
and location of mites on the plant. If greater than 20% of plants have 5 or more mites per 
leaf, growers may release Phytoseiulus persimilis.  If greater than 50% of plants have 5 or 
more mites per leaf, then growers may spray with a compatible miticide and release P. 
persimilis when dry. If there are fewer than 10 plants with mites above the hook, growers 
can cut out the infested shoots. If there are 10 or more plants with mites above the hook, 
growers may spray with a compatible miticide and release P. persimilis when dry. 
Cultural Control:  Remove weeds in and around the greenhouse as these are a source of 
spider mites. 
Biological Control:  A predatory mite, Phytoseiulus persimilis, is used to control mite 
populations in greenhouses.  Best results have been obtained when they are released into 
the crop well before the spider mite populations have built up.  However, predatory mites 
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have successfully reduced populations of TSSM that were not being controlled by 
pesticides. 

Chemical Control 

Mites are currently managed primarily by chemical control. Miticides used include 
abamectin (Avid), pyridaben (Sanmite), and bifenazate (Floramite). The dense canopy 
produced by the bent cane system can interfere with good pesticide coverage, thus 
hampering mite control. Resistance to Abamectin (Avid), the most commonly used 
miticide, further complicates TSSM management.  These chemicals should be used in 
rotation. If resistance to a particular pesticide is suspected, growers should not include it 
in the rotation. 
APHIDS 
Green Peach Aphid, Myzus persicae  
Rose Aphid, Macrosiphum rosae  
Melon Cotton Aphid, Aphis gossypii 
Green peach aphids are important pests in many agricultural systems, while rose aphids 
are more host specific, having been reported only on roses and holly. Both are occasional 
pests of fresh cut roses and managed by chemical applications applied to control primary 
pests.  Both immatures and adults feed by extracting fluids from plant cells. This results 
in excretion of honeydew and the growth of sooty mold. On roses, aphids are typically 
found on flowers, stems, or leaf undersides. In the greenhouse, aphids are viviparous, 
giving birth to live nymphs. This means that aphid populations can quickly reach high 
densities. Both winged (alate) and non-winged (apterous) forms can occur in the 
greenhouse.  

Green peach aphids are light pink to green in color. Examination with a hand lens will 
show a large indentation in its head between the bases of the antennae that is enclosed by 
converging tubercles. Cornicles are slender and extend beyond the body. It has a dark 
spot on its abdomen.  

Rose aphids have two color forms. One is a reddish-brown and the other is a pale green. 
They have long, tapered black cornicles. 
Melon aphids are also found in greenhouses and are typically dark green, but color 
variations do occur frequently. The cornicles are relatively short, stout, and always dark.  
 
Melon aphids have red eyes and antennae that only reach to the middle of the abdomen. 
Adult aphids may or may not have wings. Winged aphids are produced as a result of 
crowding. Green peach aphids produce winged adults (which have a dark blotch in the 
middle of the abdomen) at lower population densities than the melon aphid. The optional 
temperature for green peach aphid development is 75°F, whereas optional temperatures 
for development of melon aphids are above 75°F. Adult aphids give birth to live young 
and generally begin giving birth when they are 7 to 10 days old, depending on 
temperature.  
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Damage 
Aphids excrete copious amounts of honeydew, a sweet, sticky substance that they 
produce as they feed on the plants. The honeydew can cover leaves and other plant parts 
and cause the plants to become sticky. Black sooty molds then grow on the honeydew. 
This causes an unsightly appearance that reduces the value of the flower or renders it 
unsalable. The white shed skins of the aphids frequently are stuck to the plant surfaces by 
the honeydew and further detract from the plant's appearance. Sufficient feeding can 
cause foliage to become yellowed, and feeding on newly developing tissues can cause 
those parts to become twisted as they grow. Melon aphids are known to transmit 44 plant 
viruses, while green peach aphids are known to transmit more than 100 plant viruses. Not 
all of these viruses affect roses, though. 
Monitoring 
Yellow sticky cards will capture only winged adults.  However, aphids produce winged 
individuals in response to crowding so scouting for infestations is an essential component 
of monitoring.  Melon aphids also tend to have a more uniform vertical distribution on 
plants than green peach aphids which tends to be clustered around growing points, 
meaning that infestations of melon aphids under lower leaves can easily go undetected. 
Cultural Control:  Remove weeds in and around the greenhouse as these are a source of 
aphids.  If there are fewer than 10 infested shoots/10,000 ft2, then cut out infested shoots. 
Biological Control 

If P. persimilis are needed for mite control, wait one week after any pesticide application 
before releasing. Naturally occurring aphid parasitoids may move into the greenhouse, or 
parasitoids of the green peach aphid may be purchased commercially. Biological control 
of aphids is generally too slow to be used in a commercial rose greenhouse. 

Chemical Control   
Aphids are currently managed primarily by incidental chemical control.   The pesticides 
sprayed for mite control generally control them. Occasionally populations will reach high 
enough levels that aphid control is warranted.  If there are 10 or more infested 
shoots/10,000 ft. sq., pymetrozine (Endeavor) may be applied to leaf undersides and stem 
for aphid control. Insecticidal soap may provide control but may also cause slight to 
severe phytotoxicity. When pesticides are use, rotating chemistries will help to manage 
potential resistance. 
 
WHITEFLIES 
Greenhouse whitefly, Trialeurodes vaporariorum 
Silverleaf whitefly, Bemisia argentifolii 
Whiteflies are an occasional pest of fresh cut roses. All stages are typically found on leaf 
undersides but only the adults and the newly hatched larvae are mobile.  Developmental 
time varies with whitefly species, host plant, and temperature, but development from egg 
to reproducing adult can occur in less than 3 weeks when conditions are ideal. Whiteflies 
prefer warmer temperatures and develop fastest when temperatures are between 80 and 
90°F (26-32°C). 
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The greenhouse whitefly adult is 0.9 (male) to 1.1 mm (female) long, with four wings, 
sucking mouthparts, a powdery waxy coating over the body, and wings that give the 
otherwise yellow body a white color. The wings are held nearly parallel to the leaf and 
cover the abdomen when the adult is at rest. There are seven life stages: egg, four 
nymphal instars, pupal stage, and the adult. Females occasionally lay eggs in circles on 
the undersides of leaves of plants with smooth leaves. Egg laying on plants with 
pubescent leaves results in random placement of the eggs. Eggs are partially inserted into 
the leaf, initially they are yellowish, but close to hatching they turn a purplish brown. The 
first nymphal instar is called a crawler and has functional legs, while the remaining 
instars are attached to the underside of the leaf and do not move. The end of the fourth 
instar is called a pupa. The pupal stage is the most important for determining whitefly 
species identification. Greenhouse whitefly pupae are oval and have vertical sides, giving 
the pupa a cake like appearance from the side. Along the perimeter of the upper surface is 
a fringe of filaments and relatively large wax filaments project above the upper surface of 
the body, which often break off. The greenhouse whitefly can complete one generation in 
21 to 26 days at 81°F.  
 
Silverleaf whitefly was formerly called the sweetpotato whitefly strain B. The silverleaf 
whitefly adult is 0.8 (male) to 1.0 mm (female) long, with four wings, and sucking 
mouthparts. The white, waxy coating covering its body and wings is not as thick as it is 
on the greenhouse whitefly and its yellow body has a whitish hue from the wax rather 
than a white color. The silverleaf whitefly is convex in shape without the flat top and is 
more yellowish than the greenhouse whitefly. The silverleaf whitefly adult holds its 
wings at a 45° angle over its body, partially exposing the back of the abdomen when the 
adult is at rest. There are seven life stages: egg, four nymphal instars, pupa, and the adult. 
The spindle-shaped eggs are laid perpendicular to the leaf, not laid in a circular pattern, 
are partially inserted into the leaf, and remain yellowish until they hatch. The first 
nymphal instar is called a crawler and has functional legs, while the remaining instars are 
attached to the leaf and do not move. The end of the fourth instar is called a pupa. 
Silverleaf whitefly pupae are ovoid, but with a slightly pointed hind end and red eye spots 
easily visible from above. The pupa is fairly flat and does not have a marginal fringe of 
filaments. The length of wax filaments projecting above the upper surface of the body 
varies on different hosts. Silverleaf whiteflies can complete development in 16 (86°F) to 
31 (68°F) days.  
 
Damage 
Whitefly adults and immatures feed on sap. As they feed, they excrete honeydew, a 
sticky substance that causes unsightly glistening and supports the growth of black sooty 
mold, which reduces the value of the flower. Very large populations of whiteflies cause 
stunting of plant growth, and leaves may senesce and die. Whiteflies can also transmit 
virus diseases but no problems with disease transmission have been reported in 
greenhouses. Silverleaf whitefly has been associated with some physiological damages, 
including stem whitening and chlorosis of new leaves on poinsettia. Once whiteflies are 
controlled, new plant growth is normal. Usually populations are not high enough to stunt 
ornamentals.  
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Monitoring 
 
Yellow sticky traps will capture adult whiteflies.  However, traps need to be used at a 
greater density, e.g. 1/1,000 ft2 than for other pests.  When monitoring plant samples, it is 
imperative to look on the undersides of leaves. If there are 10 or more infested 
shoots/10,000 ft2, a pesticide application is applied.   
 
Cultural control:  Remove weeds in and around the greenhouse as these are a source of 
whiteflies.  If there are fewer than 10 infested shoots/10,000 ft2, then cut out infested 
shoots. 
Chemical control:  When the threshold is reached growers apply pymetrozine 
(Endeavor). Alternatively, they apply an insect growth regulator such as pyriproxyfen 
(Distance) and s-kinoprene (Enstar II).   
Beet Army Worm, Spodoptera exigua is an occasional pest, but can cause significant 
damage if not controlled early. 
Adults are heavy bodied moths (wingspread is about 1 inch or 25-28 mm) with a 
characteristic mustard or orange colored liver-shaped spot on the forewings that is 
narrowly ringed with white. The female lays egg masses on the undersides of leaves, 
covering the eggs with felt made from her body hairs. Early instar larvae are small and 
green, while late instar larval color may be green, brown, black, or gray. In all instars, 
there are fine lines along the length of the body, with a more conspicuous lateral stripe 
and a black spot just dorsal to the lateral stripe behind the head. 
Beet armyworm continually develops during winter in mild areas and builds up on weeds 
and in cotton, lettuce, and tomato fields. One generation can take as little as 31 days at 
75°F or 24 days at 80°F. Egg to adult generation times can be calculated using degree-
days (DD) based on a lower developmental temperature of 54°F. The egg stage requires 
the accumulation of about 94 degree days from the time they are first laid until egg hatch. 
The larval and pupal stages require the accumulation of 470 DD and 318 DD respectively 
for females and 540 DD and 344 DD for males. 
Damage 

The first through third instar larvae often feed gregariously, skeletonizing the undersides 
of leaves, or they feed on the insides of buds. Later instar larvae disperse and feed 
individually, chewing entirely through leaves or flowers. 

Monitoring 

Pheromone-baited traps are commercially available that capture adults of beet 
armyworms. Traps indicate when adults are active and when more intensive inspection of 
plants may be warranted.  Because both sexes are active around the same time, traps can 
be used to determine when females are laying eggs and to time control actions. 

Chemical control 

Use Bacillus thuringiensis or spinosad (Conserve) (depending on when Conserve was last 
used for thrips) when larvae are observed (will generally be 7 to 10 days after adults 
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caught in pheromone trap).  Bt applications will only be successful if application timing 
is correct based on pheromone monitoring. 
Fungus gnats, families Mycetophilidae and Sciaridae 
Fungus gnats are dark, delicate-looking, small (2 -5 mm long) mosquito-like flies with 
dark wings, delicate legs, and long antennae. Although a few species are up to 1/2-inch 
long, adults commonly are about 1/16 to 1/8-inch long. Wings are light gray to clear; the 
common Bradysia species have a Y-shaped wing vein. Fungus gnats are relatively weak 
fliers and usually are not found flying around indoors. They generally remain near potted 
plants and often run or rest on growing media, foliage, or litter.  

They lay their eggs in soil, and the eggs hatch about 4 days later. There are four larval 
instars that increase in size up to about 1/3 inch (8 mm). Larvae are clear, with visible 
internal organs, and have shiny black head capsules. Initially larvae feed on root hairs and 
algae; later, larvae may feed on the insides of roots. When populations are high, larvae 
may bore into larger roots or stems that are in the soil. Larvae will also feed on leaves 
touching the soil. One generation may complete development in 21 (72°F) to 40 (61°F) 
days.  

Damage 

Larvae usually feed on roots and algae within 1 inch of the soil surface. Root feeding by 
larvae can allow entry of plant pathogens. Direct damage through root feeding can cause 
wilting even though the plants are being sufficiently watered. Damage is particularly 
severe in propagation areas, in seedling flats, and with especially sensitive crops. If 
conditions are especially moist and fungus gnats are abundant, larvae can leave slime 
trails on the surface of media that look like trails from small snails or slugs. Adult fungus 
gnats also disseminate soil-inhabiting pathogens on their bodies and in their feces. 
Fungus gnat adults can be a nuisance when present in large numbers.  

Cultural Control 

Sanitation and exclusion can adequately control fungus gnats.   Good water management 
is the most important control strategy.   
Table 2.  Some Insecticides Labeled for Roses 
 
Active Ingredient Common Name Insect Targeted REI 

(hours) 
Abamectin Avid Thrips, Mites 12 
Bacillus thuringiensis Dipel DF Armyworm  4 
Insecticidal Soap Insecticidal Soap Aphids 12 
Pyretrozine Endeavor Aphids, Whitefly 12 
Pyridaben Sanmite Mites 12 
Pyroproxyfen Distance Whitefly 12 
S-kinoprene Enstar II Whitefly 4 
Spinosad Conserve Thrips, Armyworm  4 
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DISEASES 
 
Environmental control is the primary method for avoiding mildew and Botrytis.   
  
Powdery Mildew, Sphaerotheca pannosa var. rosae 
Powdery mildew is an important disease in many agricultural systems and it is the most 
important disease of fresh cut roses.  Conditions that favor mildew development are 
warm, dry days and cool, humid nights and moderate temperatures (68° to 86°F). Shade 
or low light intensities also favor powdery mildew fungi. Greenhouse conditions are 
often ideal for development of the disease. These conditions commonly occur in coastal 
California greenhouses from April to October. Susceptibility to mildew is variety 
specific. 
 
The fungal growth consists of mycelium and conidiophores. Optimal conditions for 
conidial germination are 21°C and 97-99% relative humidity; mycelial growth is optimal 
at 18-25°C and 97-99% relative humidity. Conidia do not germinate if there is a film of 
water on the leaf, so this pathogen requires a dry period for growth. The fungus survives 
in the absence of susceptible host tissues by forming a sexual stage (cleistothecium) 
resistant to drying and other adverse environmental conditions. With many perennial 
plants, such as rose, the fungus survives as mycelium in dormant buds or actively on 
plant tissues. Most powdery mildew fungi grow over the surface of the leaf, sending short 
food-absorbing projections (haustoria) into the epidermal cells. The fungi produce masses 
of spores (conidia), which become airborne and spread to other plants  
Damage 

The mildew mycelium causes unsightly white growth on the rose leaves. High levels 
cause leaf distortion. Mildew can also appear on stems and flowers and growth on the 
neck or sepals will cause a flower to be unsalable. Like other powdery mildews, the 
organism that attacks roses, Sphaerotheca pannosa var. rosae, is an obligate parasite that 
dies with its host unless cleistothecia (the resting stage of the fungus) develop first. 

Monitoring 

The need for mildew management is based on the number of colonies/leaf and the 
susceptibility of the variety.  

Chemical Control 

Mildew is currently managed by chemical control, which is occasionally supplemented 
with environmental control. The fungicides used are piperalin (Pipron), fenarimol 
(Rubigan) and sulfur. These are generally applied on a routine basis during the times of 
the year when conditions are conducive to mildew development. Some growers will also 
heat and ventilate at night to help reduce relative humidity. 
Botrytis/gray mold, Botrytis cinerea is an important disease in cut roses, but can be 
managed by temperature and humidity changes. 
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Botrytis does not invade healthy green tissue such as leaves and stems unless an injured 
or dead area is present, or it grows directly from a food base such as a fallen petal or leaf. 
The fungus will first colonize the food base and then attack healthy tissues. The fungus 
does not require a food base for invasion of rose flower petals.   Although the fungus is 
capable of growth within a wide range of temperatures from about 28° to 90°F, growth is 
very slow at the extremes. Optimum temperature range for growth is 70° to 77°F. The 
fungus, which is more active below 70° than it is above 77°F, is particularly troublesome 
under conditions of moderate temperature and high humidity.  
Damage 
Damage caused by Botrytis is spotting of flower petals and bud rot, which renders the 
flower unsalable. Twig dieback and cane canker occur. Woolly gray fungal spores form 
on decayed tissues. 
 
Cultural control:  Prune off affected portions and reduce humidity.  Heat and ventilate at 
night to reduce relative humidity.  Clean up debris. 
Chemical control:  Growers can spray affected rows with fenhexamid (Decree), 
fludioxonil (Medallion) or iprodione (Chipco 26019) if disease incidence is greater than 
10 percent. They avoid sprays at the end of the day because they may cause leaves to 
remain wet overnight.  
Downy mildew, Peronospora sparsa is a very important disease of roses. The name 
downy mildew is somewhat descriptive of the appearance of the white, tan, lavender, and 
purple sporulation that occurs usually on the undersides of leaves. Symptoms are purplish 
red to dark brown, irregular angular spots on leaves. Lower surface of leaves are covered 
with sparse, downy fungal growth that may be hard to see. Leaves turn yellow and fall. 
Spores are produced only on living plants.  
The downy mildews are more specific as to hosts than the powdery mildews, but the big 
difference between the two is that downy mildews require very wet conditions to flourish. 
Water is required for infection and humidity above 90% is required for sporulation. Cool 
temperatures also favor growth of the fungi.   Spores of the fungus are usually short-lived 
although they may survive several days under cool, moist conditions. They are airborne 
and when they land on a susceptible plant and there is free water, germination and 
infection occurs, generally in 8 to 12 hours. The fungus also produces a sexual spore that 
can survive dry conditions, which enables the fungus to survive in absence of the host. 
Downy mildews are favored by moist and cool conditions (40° to 60°F). 
Damage 
 
In some plants when young shoots are infected the fungus may become systemic and the 
resultant growth is stunted, malformed, and discolored. If flowers are infected they are 
rendered unsalable. 
Treatment:  Keep leaves free of water, lower relative humidity, treat with fungicides if 
symptoms emerge.  

Stem canker, Coniothyrium fuckellii, Botryosphaeria dothidea, Cryptosporella umbrina 
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Canker diseases are found on dead plants and debris and favored by wet weather. Spores 
are waterborne.  

Damage:  Brown cankers, sometimes with gray centers. Small, black, spore-producing 
fungal structures (pycnidia) develop in dead tissues. Infection occurs mainly through 
wounds. 
Treatment:  Keep plants in vigorous condition. Prune diseased portions back to a node. 
 
Table 3.  Some Fungicides Labeled for Roses 
 
Active 
Ingredient 

Common Name Disease Targeted REI 
(hours) 

Fenhexamid Decree Gray Mold 12 
Fludioxonil Medallion Gray Mold 12 
Iprodione Chipco 26019 Gray Mold 24 
Piperalin Pipron Powdery mildew 12 
Sulfur Microthiol Disperss Powdery mildew 24 
 
 
WEEDS (extracted from Rose PMA website) 
It is difficult to control weeds in greenhouses because greenhouse-grown plants are 
generally sensitive to herbicides and weeds are often hard to reach. Only a few weed 
species commonly present problems in greenhouses, and they are all closely associated 
with high moisture and nutrients; they also spread rapidly when established.  

The most common weeds in and around greenhouses include annual bluegrass, lesser-
seeded bittercress, creeping woodsorrel, pearlwort, common chickweed, moss and 
liverwort.  Others that may be present include cudweed, fireweed, cheeseweed, and 
prostrate spurge. Controlling these weeds inside the greenhouse will also help reduce the 
reservoir of insects and diseases that are often associated with weeds.  

Cultural Control. Sanitation is the best method for good control. Weeds may be brought 
into the greenhouse in potting mix or with cuttings or other plant material, or on dirty 
pots and tools. If weeds do get in, they should never be allowed to flower and seed. This 
is especially true of creeping woodsorrel (oxalis). Maintain trash cans in the greenhouse 
for weeds that are pulled during maintenance, so they can be readily removed before 
flowering. Empty the trash cans daily. Hand-weed frequently (daily or weekly). If the 
floors are concrete, regularly sweep away soil that drops to the floor so that weeds will 
not establish. Clean weeds out of the greenhouse when crops are rotated. Irrigate with 
water that is free of weed seeds or fungal spores. If using raised or self-contained beds, 
sterilize soil before planting by either steaming or solarizing.  

Herbicides. A preplant herbicide can be used where soil is not sterilized before planting. 
Preplant herbicides are used when the crop is not present, because they will kill the crop 
as well as germinating weed seedlings and established plants. Metam sodium or dazomet 
are preplant fumigants that are effective as herbicides, but these materials have a long 
waiting period from the time of application to when the crop can be planted.  
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There are no preemergent herbicides currently available for use in greenhouses. Even 
though some herbicides may be labeled for use in a crop, it must specifically indicate to 
be used in greenhouses to be legal and safe.  Volatilization is a problem in greenhouses 
and that is why there are no post-emergent herbicides. 

On the greenhouse floor, a postemergent herbicide treatment can be used to reduce weed 
populations and to keep the weeds from flowering and seeding. Try to have good 
drainage and level low areas that remain wet. Wet areas increase the chance of mosses 
and liverwort infestation. Air movement at the floor level will help dry off the floor and 
will also reduce the chance of infestations of weeds that favor wet areas. After a crop has 
been harvested, remove any weeds to keep them from seeding so new seeds will not be 
added to the seedbank in the soil. 
Table 4.  Some Herbicides Labeled for Greenhouse Roses 
 
Active 
Ingredient 

Common Name Areas Targeted REI 
(hours) 

Diquat Reward All weeds under 
benches, 
walkways, around 
structure 

24 

Pelargonic Acid Scythe All weeds in beds 
(do not contact 
non-wood parts of 
crop), under 
benches, 
walkways 

12 

Glufosinate-
ammonium 

Finale Under benches, 
walkways, around 
structure 

12 

 
Chemical Application and Worker Activities 
 
Greenhouses produce plants year-round confined in a warm, sheltered area. These ideal 
conditions can attract pest populations and create the need for frequent pest control. 
Many pesticides traditionally used in flower and nursery crops are broad-spectrum and 
relatively persistent.  Broad-spectrum pesticides can cause outbreaks of secondary pests 
such as mites, are toxic to natural enemies and pose hazards to workers and the 
environment.  Longer persistence can increase pesticide resistance.  Using persistent 
broad-spectrum pesticides can delay safe worker reentry into crops.   
 
There are seven methods of pesticide application in the greenhouse.  High volume, low 
volume, and dust application leave a residue on the plant surface that has a residual 
effectiveness.  Aerosol, fog, smoke and volatilization disperse the pesticides throughout 
the greenhouse atmosphere, with little residual activity.  Systemic insecticides can be 
applied to the plant or soil and are absorbed into plant tissues.  They result in the death of 
pests feeding on the plant parts or through sucking plant juices.  Systemic pesticides have 
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long residual activities.  High-volume and low-volume applications are the most often 
used applications.   
 
High-volume application.  High volume spraying has been the most common method of 
pesticide application in the greenhouse.  More pesticides are available for this form of 
application than any other form.  Spray droplets are large, with most larger than 100 
microns in diameter and many larger than 400 microns.  In this system, large volumes of 
spray are applied, generally 50 to 100 gallons per acre.   
 
High-volume sprayers thoroughly wet treated foliage until spray runs off, often applying 
up to a hundred gallons of material per acre using equipment ranging from inexpensive 
hand-held or backpack compressed air sprayers to hydraulic sprayers for treating large 
areas.   
 
Low-volume application.  Low volume sprayers produce very small droplets (<200 
micrometers in diameter).  These small droplets have a much larger surface area per 
volume than large droplets.  Low volume sprayers generally require a higher rate of 
active ingredient in the mix than high volume sprayers and deliver the product in fewer 
gallons of diluent.   
 
Low-volume application equipment includes thermal-pulse foggers, cold foggers, rotary 
mist applicators and electrostatic sprayers.  Low-volume sprayers have many advantages 
compared with high volume sprayers when treating foliage.  The small diameter droplets 
(30-100 microns) from low-volume sprayers provide better coverage and are more 
effective than larger droplets when treating plants and foliage-dwelling pests.   
 
Electrostatic sprayers are air-assisted devices employing an air atomizer to create tiny 
droplets (30-60 microns) and operate at air pressure as low as 30 to 40 psi.  Electrostatic 
sprayers waste less pesticide than high-volume sprayers because they apply a charge to 
spray droplets, causing the droplets to be repelled from each other and be attracted to 
plants, where they stick on plant surfaces.   
 
Dust Applications.  May be made with appropriately formulated products.  Equipment 
can be powered backpack applicators or other hand-held equipment.  Particulate residues 
remain on plant surfaces. 
 
Aerosol, Fog, Smoke and Volitization.  This means of application can be made by 
specialized equipment and pesticides to result in fine airborne particles reaching all areas 
of the greenhouse.  Labels must be carefully read to ensure that the entire greenhouse is a 
listed site. 
 
Restrictions During Applications.  Allow only appropriately trained and equipped 
handlers to enter or to remain in the greenhouse until the ventilation criteria on the label 
are met, or if no level is listed, ventilate for two hours using fans or other mechanical 
ventilating systems.  Do not allow handlers to apply a pesticide so that it contacts, 
directly or through drift, anyone other than trained and equipped handlers.  Make voice or 
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visual contact at least every two hours with anyone handling pesticides labeled Danger. 
Make sure that a trained handler equipped with labeling-specified personal protective 
equipment maintains constant voice or visual contact with any handler in a greenhouse 
who is doing fumigant-related tasks, such as application or air-level monitoring.   
 
Worker Safety.  Employers must ensure that workers who apply, handle, or mix 
pesticides have been properly trained.  Federal Worker Protection Standards also require 
pesticide safety training for all employees working in fields, greenhouses, and nurseries 
that have been treated with pesticides, including employees who do not work directly 
with pesticides.  A labeled, well ventilated, locked storage area for pesticides must be set 
up and maintained in compliance with governmental regulations.  There must be labels 
on all pesticide containers and MSDS sheets for each.   
 
Pesticide Exposure.  Pesticide application in an enclosed greenhouse is very different 
from treatments in the open air. In the greenhouse, pesticides not only dissipate slowly, 
but without wind or air turbulence they may actually concentrate to dangerous levels.  
Because continuous pesticide exposure through inhalation is a major risk, a respirator is 
required whenever a pesticide applicator or handler is in the greenhouse during treatment.  
  
During control treatments, applicators can accumulate considerable skin (dermal) and eye 
(ocular) contact with pesticides. Contact occurs when applicators brush against plants and 
other treated surfaces, or by walking through the pesticide mist, which tends to linger in 
the still air, or from falling spray droplets.   
 
Cultural Practices.  Greenhouse floral production presents unique cultural situations 
with planting rows between narrow walkways to maximize growing area.  This may 
result in foliar contact to pesticide residues when workers use these walkways to perform 
harvesting or other tasks.  The various cultural practices conducted in greenhouses, such 
as harvesting or disbudding of flowers, are also associated with pesticide exposure. 
 
Restricted Entry Intervals.  Restricted entry intervals (REI) regulations help 
minimize exposure to pesticides.  Pesticide labels can carry REI periods from 0 to 
72 hours.  For this period after pesticide application, only suitably trained and 
equipped handlers are allowed in the treated area.  Some labels require employers 
to notify workers orally and by posting a warning sign at the treated areas.   
 
Fresh cut roses must be harvested twice daily, so restricted entry intervals after 
pesticide application limits the number of pesticides that will fit this production 
system.  When it is necessary to use pesticides with longer REIs, applications are 
often made on the weekends to avoid disruption of management practices.  
However, roses are harvested on weekends, too, so disruption of worker activities 
may not always be avoided. 
 
Other Worker Issues. Depending upon the size of the nursery, types of plants 
produced, seasonality, degree of mechanization and other factors, it is impossible 
to make blanket statements about how many hours per day a worker or team 
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spends on activities that may involve contact with pesticides or pesticide residues. 
Workers are provided with protective clothing based on Worker Protection 
Standards on pesticide labels and California-specific regulations. 
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Table 5. Greenhouse and Worker Activities Associated with Potential Pesticide 
Exposure. 
 
Greenhouse 
Activity 

Time of 
Year 

Frequency Worker Activity Pesticide  
Exposure 

Disbudding Year 
round 

Weekly Manually remove 
unwanted buds (by 
hand) 

Contact with 
residue on 
plant tissue  

Pinch shoots Year 
round 

Daily Soft or hard pinch 
shoots with shears 

Contact with 
residue on 
plant tissue 

Cane Bending  Year 
round 

Daily Manually bending 
branches until they 
kink and stay down 

Contact with 
residue on 
plant tissue  

Scouting/ 
Monitoring 

Year 
round 

Weekly Visual inspection, 
placement of bait 
stations, traps, sticky 
cards. Close 
inspection with hand-
lens  

Contact with 
residue on 
plant tissue  

Biological 
control 
management 

Year 
round 

Varies Application with 
sprayer or release of 
natural enemies. 

Contact with 
residue on 
plant tissue  

Insect/mite 
chemical pest 
management 

Year 
round 

Varies Application with 
backpack sprayer or 
tractor. 100-500 gal 
tanks with hose end 
sprayers. Release of 
natural enemies. 

Mixing, 
loading and 
applying 
pesticides 

Disease 
management 

Year 
round 

Varies Application with 
backpack sprayer or 
tractor 

Mixing, 
loading and 
applying 
pesticides 

Postemergent 
weed 
management 

Year 
round 

Varies Application with 
backpack sprayer or 
tractor 

Mixing, 
loading and 
applying 
pesticides 

Irrigation Year 
round 

Several 
times/day 

By automatic system, 
sometimes by hand 

If done by 
hand, walking 
through the 
beds 

Fertilization Year 
round 

Weekly or with 
each irrigation 

Granules applied or 
Regular fertilization 
through irrigation 
system.   

If manual, 
walking 
through beds. 
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