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Trees in the Urban Landscape

e Critical component of urban environments
e Support upper trophic level diversity:
Birds
Mammals
Insects
e Support valuable ecosystem services:
Water regulation (reduce flooding)
Temperature moderation (cool urban buildings)
Carbon sequestration (filter air)
Recreation

ES = Properties of environment
that directly benefit humans



Trees in the Urban Landscape
Why is this

To maintain....... Hard?

e Urban Biodiversity
e Ecosystem service provisioning

e Aesthetic beauty {L

Healthy Trees
are needed

New Mexico State University, Extension



Trees in the Urban Landscape

Urban landscapes & Stress.......

e \Water limitations

e Elevated temperatures

* Increased pollution

e Soil: contamination; compacted &poor

e Road maintenance
Salt

Mowing = Mechanical damage

Photo: MO Botanical Gardens

> Stressed trees are more

New Mexico State University, Extension

susceptible to pests




Trees in the Urban Landscape

How can trees survive in urban areas

Who’s heard
of IPM

N

Limit stress on urban trees

N

Maintain healthy trees

New Mexico State University, Extension



What is IPM

Integrated Pest Management (IPM):
Is a sustainable approach to managing pests by combining
biological, cultural, physical and chemical tools in a way that
minimizes economic, health, & environmental risk (USDA-ARS definition)

Mt The goal of IPM is NOT to eliminate all pest insects but keep the ecosystem in balance so
populations do not reach damaging levels. IPM works to avoid pest problems rather than
) treating pests once they have become a problem
n'B-l:
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Key Steps in Tree IPM

1.Prevention

Proper plant selection and planting techniques

Ongoing maintenance like mulching & cultural care
2.Pest and symptom identification

Correctly ID pest and symptoms of damage
3.Regular surveying

Regularly inspect plants for damage and pests
4.Thresholds

Action and Aesthetic thresholds

5.Appropriate management
Cultural, mechanical/physical, biological, chemical = IPM

New Mexico State University, Extension
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Key Steps to IPM — Step 3

Regular monitoring & sampling:

Regular monitoring alerts to pest problem
Inform if populations are increasing
Allows action to be taken early = more options ~ Pheto: /il 'Donnell, M5U

Types of sampling:

Visual counts: number / leaf; take multiple samples
Sticky cards

Branch beating
Degree-Day monitoring
Monitor insect development by temperature




Degree Day Monitoring

1.Insect growth depends on temperature

2. Warmer temps = faster development

3. Due to variation in weather, calendar dates are not good guides for
management

4. Tracking the amount of heat accumulated over time is better

5. Heat more closely reflects insect biology

6. Physiological time is measured in degree days (DD)

7. 1 DD =1 degree above threshold temp for 1 day

» Lower threshold temp = temp below which no development occurs

» Upper threshold temp = temp above which no development occurs
 Too cold or too hot insects will not grow, feed, reproduce

New Mexico State University, Extension



Degree Day Monitoring

1.Each insect has a upper and lower threshold for development

2. Lower threshold plus number of DD required to complete
development is needed

3.How it works....

Example for EIm Leaf Beetle:
Does not develop below 51.8 F (lower threshold)
Action threshold is 700 DD above 51.8 F
Foliar insecticide applied at 700 DD will target susceptible
larvae

New Mexico State University, Extension



1. Add daily min. & max. / 2 = Avg. daily temp

Degree Day example

Temperature, F

_ Day Min Max Avg DD
41F+64F/2-@ D

2. Subtract lower threshold temp from avg. daily temp.  ? te Gz 2 o

Result = ~ number of DDs accumulated that day

48 60 54 2

@-52F=1DD

3. Add up DD accumulated for each day untilyoureach 70 51 s0 66 12
sum when management is recommended 71 49 79 64 14

When DD each 700 take action

I Just a

' reminder...

Y

Cumulative total 700

Lower Threshold = 52
1 DD =1 degree above threshold temp for 1 day

Reference for example: Pests of Landscape Trees & Shrubs 2"d ed.



Drone sampling - IPM Research

Use drone technology to improve IPM programs

Goals:
1. Use drones to ID plant stress
Monitor for insect, water, disease stress

Implement IPM tactics

2. Improve selection of drought tolerant plant varieties
Crops
Urban and small farming
Trees
Residential landscapes
City planning

New Mexico State University, Extension NMSU Extension, 2017




We have a pest problem....Now what!!




Implementing IPM

Biological
Cultural IPM Practices

New Mexico State University, Extension



Implementing IPM

> Cultural Controls

Goal: Make the environment less suitable for pests

Three main strategies:

1. Site placement and Design
2. Proper cultural care

3. Reduce injury

New Mexico State University, Extension



Implementing IPM

» Cultural Controls

Three main strategies: Site Placement and Design
1. Site placement
Soil, water, light, space
Disturbances: Wind, reflected heat, people
2. Design
Spacing
Impede or facilitate pest movement
Resource use: water & nutrients
Diversity
Higher diversity supports more natural enemies; less damage
Both avoid and reduce pest problems




Implementing IPM

> Cultural Controls

Four main strategies: Cultural Care
1. Water Management

2. Fertilizing

3. Pruning

4. Preventing injuries

New Mexico State University, Extension



Implementing IPM
» Cultural Controls

Four main strategies: Cultural Care

1. Water Management
» Often biggest problem

J\‘
e

Too Little: Too Much:
Drought stress causes: Excludes oxygen to roots
Sunburn, branch dieback, insect attack Encourages germination of weeds
Insect pests: mites, bark & longhorned Promotes diseases due

beetles, clearwing moths to pathogens



. Macro | Mico
Implementing IPM T

Potassium Chlorine

Calcium Manganese

> Cultural Controls

Phosphorus Zinc
Sulfur Boron
Magnesium Copper

Four main strategies: Fertilizing Nickel

16 elements needed: C, H, O, macro & micronutrients
Nutrient deficient symptoms usually not due to lack in environment

But result from high pH, over water, root injury, poor drainage
Nutrient deficient symptoms: Foliage fades, distorts, discolors, less leaves
fruit, plant becomes stunted, dieback
Nitrogen most commonly applied
Most woody plants do not need regular applications of N

Except: container, fruit & nut trees

New Mexico State University, Extension



Implementlng IPM Photo: Roger Foley
» Cultural Controls R e

Four main strategies: Pruning
1. Used to direct / shape growth
2. Remove damage or disease ?
Excellent control for insect pests conflned to smaII area
Example scale, bagworm
Increase air circulation, reduces humidity, less disease
3. Promote flowering and fruiting
4. Avoid future structural problems

New Mexico State University, Extension




Implementing IPM

> Cultural Controls

Four main strategies: Pruning Tips
1. Remember pruning causes wounds, entry for decay and disease
2. Insect infested tree
Prune off infested limbs before pests emerge
But time to avoid activity of adults
Adults are attracted to fresh wounds
Example: prune elms in late fall/winter
Avoids adult bark beetles and spread of Dutch elm disease
3. When to prune depends on species and age of tree




Implementing IPM

» Cultural Controls

Pruning Tips: When to Prune e e e heallh &
maintain structure

ngh . Never prune Dormancy

.| %
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g Slow growth;

= Train young

S

©

O
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Spring Summer Fall Winter

Reference: Pest of Landscape Trees & Shrubs 2Md ed.



Implementing IPM

> Cultural Controls

Four main strategies: Reduce insect injury

1. Cultural care that improves tree health
Proper irrigation, fertilizer, weed control

2. Plant selection
Drought tolerant, Cold tolerant
Resistant varieties

exico State University, Extension



Implementing IPM

> Cultural Controls

Urban Forest Focused:

Proper species selection
Sanitation

Removal of breeding material

Removal of infested material

Remove / pruning of storm damaged trees
Stand management

Thinning

If harvesting, adjustment of harvest age

Invasive species management

Shrub / tree removal = reduced competition



Implementing IPM

Goal: Mechanical methods use equipment, barriers, and natural
ingredients that create a protective barrier between plants & insects

Physical or environmental methods alter temp., light, humidity to suppress

Mechanical:

1. Copper bands to exclude snails and slugs
2. Sticky barriers on tree trunks

3. Fences to exclude deer, rodents

New Mexico State University, Extension



Implementing IPM
» Physical/Mechanical

3. Hand-picking, mechanical
Good for small areas
Labor intensive

) Photo: Scott Bauer, USDA
4. Traps, mechanical

Trap enough to lower pest pressure

Example: Sticky traps; Phermone traps
May also trap beneficial insects

Trapping may work for small areas; Large areas monitoring

New Mexico State University, Extension



Implementing IPM

Examples of Insect Traps:

Gypsy Moth

Apple maggot

Codling moth trap + pheromone

New Mexico State University, Extension



Implementing IPM

5. Pruning, both
Thins canopy to modify temp./humidity
Good control for black scale; increases heat exposure
Removes infested plant part

6. Apply protective coating of paint, physical
Use interior white latex paint
Dilute to 50% with water
Apply to young tree trunks prevents sunscald; reduces injury &
insect attack by wood-boring beetles
7. High stream of water, both
Dislodges and kills aphids
Increase humidity = makes predatory mites more effective




Implementing IPM

» Biological

Goal: Uses living organisms to suppress pest populations below an
economically damaging or unacceptable aesthetic level

3 types of biological control:
1. Classical or importation
2. Augmentation

3. Conservation

New Mexico State University, Extension



Implementing IPM

> Biological

Classical Biological Control:
* Pest: exotic or non-native
 Biocontrol agent: natural enemy from pest’s country of origin
e How it works:
Damaging new pest
ID country of origin of pest
Go to that region in search of promising natural enemies
Imported into US under permit by USDA
Placed in quarantine; research begins (e.g. non-target effects)

New Mexico State University, Extension



Implementing IPM
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Classical Biological Control Examples: 2000 i e
Ash whitefly from Middle East and Mediterranean
1t introduced to California in 1980s via infested plant material
Significant pest of fruit and shade trees (ash, pear); In NM
Introduced a parasitic wasp, an aphelinid
1 year after release parasitism rates averaged 63-97%
Economic benefit of biocontrol in CA is estimated at 200-300 million

New Mexico State University, Extension



Classical Biological Control Examples:
Saltcedar infests millions of acres of riparian habitat
Listed as a noxious weed in 14 SW states, including NM
Introduced as ornamental and escaped cultivation in west
Uses valuable water resources and increases soil salinity
Potential biocontrol agent saltcedar leaf beetle; 4 species
Adult and larvae feed on leaves; will defoliate tree but not kill it
Multiple years of defoliation are needed to kill a tree
Research at NMSU is looking at integrating biocontrol with
mechanical (mowing) and chemical controls




= =
=3290\%

> Biological

Classical Biological Control Examples:

Introduced parasitic fly released to control gypsy moth
Once common cecropia moth is in decline in NE US

Fly has 4 generations but gypsy moths are out May-June
Fly needs other hosts

Researchers calculated on average 2.5 acre plot produced enough flies to kill 750,000
moths/butterflies / year

Found cecropia moths on decline

Set out 500 caterpillars on trees, NONE survived to pupae due to the parasitism by the fly
Fly has been found to parasitizing over 200 species of moths and butterflies

Photo: Scott Rosenfeld

New Mexico State University, Extension



Implementing IPM

> Biological

Augmentation Biological Control:

 Direct manipulation of natural enemy populations
e 2 types: Inundative and Inoculative releases

» Inundative = Single mass release of natural enemies
Goal is to overwhelm; population not expected to establish

> |noculative = One or more smaller releases
Populations expected to establish and spread



Implementing IPM

> Biological

Conservation Biological Control:
» Manipulating the habitat to favor existing natural enemies

1. Provide and augment ecological requirements
a. Flowering resources
Alternative prey and hosts
@ Adult food resources (pollen and nectar)
Continuous food supply
< b. Overwintering habitats
@ c. Appropriate microclimates (e.g. nematodes >>> moist soils)

f D J
ﬂ -"I_
L = z
L




Implementing IPM

» Biological

Conservation Biological Control: |
» Manipulating the habitat to favor existing natural enemies (NE)

2. Minimize factors that interfere with natural enemies

 Pruning off NE developing in pests
Leave pruning near plants for ~3 weeks lets NE emerge
Alternative pruning; recommended for whiteflies & parasitoids

e Limiting chemical exposure

e Plant characteristics like hairy leaves can limit NE

e Dust on plant leaves can inhibit NE
Example: Windbreaks / Periodic washing was citrus tree foliage
increased biocontrol of Ca. red scale by increasing parasitism



Research: Urban Tree IPM

Question: Can increasing flower area augment natural enemies
and provide natural pest suppression services in urban landscapes?

No Flowers = Low NPS Flowers added = More NPS

New Mexico State University, Extension



Research: Urban Tree IPM
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Research: Urban Tree IPM

Management Implications:
Increasing flower area augmented natural enemies
Natural enemy populations suppressed PNS
Similar results for evergreen bagworm control
Floral resources attract and support natural enemies
Natural enemy community suppressed bagworms

Consider:
Pest trying to control
Important natural enemies
Modify plant selection, bloom time, spatial arrangement

New Mexico State University, Extension



Implementing IPM

Urban Forest Focused:

Classical Biological Control
Gypsy Moth
Eucalypts pests (bores, leaf beetle, psyllids; Paine et al. 2015)
Hemlock Wooly Adelgid

Conservation
Removal of invasive species >>>> Spring ephemerals
Alternative hosts
Forest Tree Diversity >>>> Reference

Inundative / Inoculative
Harder method; mass rearing; state / Fed coordination



Tree Diversity Limits the Impact of an
Invasive Forest Pest

Virginie Guyot™**, Bastien Castagneyrol®***, Aude Vialatte'*%, Marc Deconchat’,
Federico Selvi®, Filippo Bussotti®, Hervé Jactel®"

Research Overview:

Abstract

The impact of invasive herbivore species may be lower in more diverse plant communities
due to mechanisms of associational resistance. According to the “resource concentration
hypothesis” the amount and accessibility of host plants is reduced in diverse plant commu-
nities, thus limiting the exploitation of resources by consumers. In addition, the “natural
enemy hypothesis” suggests that richer plant assemblages provide natural enemies with
more complementary resources and habitats, thus promoting top down regulation of herbi-
vores. We tested these two hypotheses by comparing crown damage by the invasive Asian
chestnut gall wasp (Dryocosmus kuriphilus) on chestnut trees (Castanea sativa) in pure and
mixed stands in ltaly. We estimated the defoliation on 70 chestnut trees in 15 mature stands
sampled in the same region along a gradient of tree species richness ranging from one spe-
cies (chestnut monocultures) to four species (mixtures of chestnut and three broadleaved
species). Chestnut defoliation was significantly lower in stands with higher tree diversity.
Damage on individual chestnut trees decreased with increasing height of neighboring, het-
erospecific trees. These results suggest that conservation biological control method based
on tree species mixtures might help to reduce the impact of the Asian chestnut gall.

Pest: Asian Chestnut Gall
Damage: Defoliation

Treatment: Gradient of tree
spp. Diversity

Outcome: Less defoliation

with more species
diversity

New Mexico State University, Extension



Implementing IPM

Chemical controls are pesticides that are either naturally derived or
synthesized

What is a pesticide?

J A material applied to plants, the soil, water, structures,
clothing or animals to kill, repel, regulate, or interrupt the
growth of a pest (which can be .... a weed, insect, disease)

New Mexico State University, Extension



Implementing IPM

Pesticides: Best Practices
e Scout, monitor and apply only when needed
 |D the pest and use the correct pesticide
 Apply to the correct life stage
Example; once scale crawler are no longer active; scale is protected
e Apply at the correct time
Example once wood boring pests are in tree...protected
 Apply under the correct environmental conditions
Correct temperatures
Correct wind speeds
Avoid spraying during bloom

New Mexico State University, Extension



Implementing IPM

Pesticides: Best Practices
Avoid spraying the same chemical consecutively
Avoid using the same chemical family
Use label rates

WHY???

New Mexico State University, Extension



Implementing IPM

Pesticides: Best Practices
Avoid spraying the same chemical consecutively
Avoid using the same chemical family
Use label rates

WHY???

\
RESISTANCE

exico State University, Extension



Implementing IPM

Pesticides: How to avoid resistance

e Apply chemical only when necessary >>> Use non-chemical techniques 1st

 Rotate you chemical classes when multiple applications are needed
Separation in time

e Spray different parts of the forest with difference chemical classes
Separation in space

e Leave refuge populations; maintains population of susceptible individuals

e Use appropriate spray intervals

New Mexico State University, Extension



Implementing IPM

Pesticides: How to avoid resistance
e Target younger more susceptible life stages
 Maintain equipment to get full coverage
e Use selective (narrow spectrum) pesticides
For insects this targets and protects natural enemies (NE)
Avoids secondary pest outbreaks
When eliminate NE, get outbreaks of pests that are usually not a
problem because NE control. For example, mites and aphids




Case Study: Bark Beetles

The Pest:
Beetle, Order Coleoptera; Family Scolytidae

Pest as adult and larvae T
Attracted to damaged or stressed trees European elm bark beetle

Tunnel through trees feeding on phloem
Also transmit pathogens, a fungus called blue stain, clogs vascular tissue

Hosts: Pines, spruce, fir, elms

Damage.:
One of most destructive beetles in coniferous forests

In US bark beetles cause 90% of insect related tree morality &

60% loss of wood growth

In SW 2001-2003, bark beetles killed trees over 2 million acres

Data from: Field Guide to Insects and Diseases of AZ & NM Forests, USDA




Case Study: Bark Beetles _ Tunneling

Damage:
Boring activity causes can result in pitch tubes
Sawdust like frass on tree or at base
Exit holes once beetles develop and emerge

"

Frass coming from bore hole L BT A e ==
N Photo: Ohio State University

Exit Holes

pall -
e

Photo: USDA




Case Study: Bark Beetles

Management:

Cultural
e Most important keep trees healthy and protect from damage
e Plant diversity
e Plant resistant varieties (e.g. Ips does not attack atlas cedar)
Mechanical Sol
* Prune out damage, during winter months ' |
Do not pile near landscape trees
Breeding material; Emerging adults
 Fresh cut wood attracts bark beetles
e Solarization can kill bark beetles
Soak in water; cover in plastic
Only effective if sunny and hot | e,
Can kill up to 50% 2005

arization




Case Study: Bark Beetles

Management:

Photo: G. Bradley

Biological
 Predators and parasites — Will not control bark beetles but can suppress

 Predators: Woodpeckers, clerid beetle, trogossitid beetle, snakefly, wasps

Behavioral Controls
e Attractant and repellent pheromone traps
e Use to control or suppress small populations

Chemical
e Systemic or soil injected insecticides not effective once beetles enter tree

e Valuable trees can be sprayed with persistent insecticide in spring
Must spray before adults active

New Mexico State University, Extension



Case Study: Ash Whitefly

The Pest:

Psyllid, Order Homoptera; Family Aleyrodidae

Exotic from Middle East & Mediterranean R o

Infests 40 species in Ca e
Host: Ash, pear, redbud, citrus, shade trees

Damage:

Adults & nymphs extracts plant nutrients

Feeding can defoliate, loss of fruit, and even cause death
Produce honeydew

Estimated economic damage in CA is in millions

New Mexico State University, Extension



Case Study: Ash Whitefly

Management:

Cultural
e Plant diversity
e Reflective mulches can repel

Mechanical

 Prune out infest leaves/ branches/plants

e Forceful stream of water

* Yellow stick cards; small isolated areas or monitoring

Chemical — General to whiteflies

 |nsecticidal soaps

e Qil such as neem

e Hard to manage with insecticides due to activity on underside of leaves



Case Study: Ash Whitefly

Management:

Photo: Mike Rose

Biological

 Provides excellent control
 Released parasitic wasps, Encarsia, an aphelinidae in CA in 1992
 InCA, 1 year after release Encarsia parasitism was 63-97%

e Economic values of saving healthy trees ~5200-300 million

e Conserve natural enemies

e Avoid chemical that disrupt natural enemy populations

New Mexico State University, Extension



Case Study: Pine Tip Moth

The Pest:
Moth, Order Lepidoptera; Family Tortricidae
~ 24 species that feed on pine terminals
Up to 4 generation a year
SW Pine Tip moth attacks
Ponderosa, Mugo, Scotch
Damage is noticeable dead shoots
Tip moth damage rarely kills trees

UGA1470066

New Mexico State University, Extension



Case Study: Pine Tip Moth

Management:

Cultural
e Plant species less susceptible to pine tip moth
Pinus: mugo, nigra, thunbergiana, palustris
 Tolerate damage and keep healthy; Older trees less susceptible

Mechanical
e Prune out infest tips
Oct-January to prevent overwintering moths from emerging

New Mexico State University, Extension



Case Study: Pine Tip Moth

Management:

Biological
e Natural Enemies provides acceptable control
Braconid and tachinid parasitoids
e Study found braconid can parasitize up to 50%
of overwintering moth populations in CA

Photo: David Moorhead, UGA

Chemical
e Monitor adults with pheromone traps
Better to spray or prune during flight periods
e Broad spectrum can control
But kills natural enemies and pines tolerate high levels of damage

New Mexico State University, Extension



Questions

Thank You

New Mexico State University, Extension



Case Study: Hemlock Wooly Adelgid

Management:

Biological

e (Classical
2 species of lady beetles and a tooth-necked fungus beetle

 No parasitoids have been found

Chemical
e Monitor adults with pheromone traps



Implementing IPM

> Biological

Classical Biological Control Examples:

Cottony Cushion Scale from Australia
Pest of California citrus

1888 imported Vedalia beetle
Vedalia beetle did an excellent job of controlling the scale

New Mexico State University, Extension



Milkweed tussock moth: Mo Botanical Gardens

IO moth on Redbud: Mo Botanical Gardens
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Losses Caused by Forest Insects

These data are summarized from Special Bulletins published annually by The University of Georgia,
College of Agricultural and Environmental Sciences, Department of Entomology, Insect Survey and
Losses Committee. These figures have not been adjusted for inflation.

Estimated Average Yearly Losses and Control Costs of Forest Insects in Georgia
Rank Insect Cost of Control Damage Loss Total Cost
1. Southern pine beetle $317 600 $4 680,400 $4 998,000
2. Pine tip moths? $916,000 $2.,310,000 $3,226,000
3 Defect & degrade” $90,000 $2,874,000 $2,964,000

causing insects
4. Seed & cone? insects $80,400 $2.514,200 $2 594 600
4

5 t:;ii?ﬁr'pt’;ﬂfbjgﬁe $485,000 $2,016,400 $2,501,400
6. Reproduction weevils® $1,153,000 $928,000 $2.081,000
Other insects® $83,800 $1,215,000 $1,298,800

Gypsy moth $94 000 - 575,200
Totals $3,201,000 $16,538,000 $19,739,000

TIncludes Nantucket pine tip moth and pitch pine tip moth.

2 Includes carpenter ants, ambrosia beetles, lepidopterous oak borers, shothole borers and various other cerambycid,
buprestid and scolytid beetles.

3 Includes coneworms, seedworms, seed bugs and cone beetles.
4 lps avulsus, |. grandicollis, . calligraphus and |. pini.

3 Pales weevil and pitch-gating weavil.
6 Primarily aphids, scale insects, sawflies and lepidopterous hardwood defoliators including eastern tent caterpillar, forest

tent caterpillar, fall webworm, oak skeletonizer and various Anisota spp.
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