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Presentation Outline
A Historical and Future Climate Trends
I Weather versus Climate
I Climate in the Last Century
I Future Climate Predictions
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I Transpiration (Water Potential, Cavitation, Embolism)
I Photosynthesis and Growth

I Respiration

I Role of Hormones and Microbes in Drought Mitigation
I Water Relations, Pests, and Diseases

A PHC Practices to Help Mitigate Drought Effects

A Quick Pest Update
I SLF, Elm Zigzag Sawfly, New DiseaSamfinusspp.



oEveryone Talks About the Weather, bu

They Never Do Anything Aboutlt
Mark Twain




Weather versus Climate
(NOAA Definition)
A Weather and climate describe the same thing

the state of the atmosphere but at different
time scales

A Weather- what you experience when you step outside ¢
any given day or the state of the atmosphere at a
particular location over the shotterm

A Climate- average of the weather patterns in a location
over a longer period of time, usually 30 years or more



Historical Climatic Patterns: 1911940 vs. 1972000
McEwan et al., 2011

A Most important factors in drought stress
I Maximum springsummer precipitation
I Maximum summer temperatures

A Droughts less severe and less frequent

A Continued years with abundant moisture
I More frequent and intense

Average climate change (1971-2000 vs 1911-1940)
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Figure 3. Climare change in the eastern U.S. derived from annual (1911-1940) and normal (1971-2000) climate data (PRISM Group
2008). In the left panel, green areas experienced wetter spring-summer conditions 1971-2000 compared to 1911-1940; in the right
panel, blue areas experienced cooler summer temperarures over these same periods. Spring is defined here as March—May, and summer as
June—August. Yellow lines define the western and eastern areas of the central oak region used for the PDSI reconstructions in Fig. 2.




Projected changes in Spring (Marg¥ay) Precipitation
(%) and Temperatures for Middle of 21st Century versu:
Late 20th Century
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U.S. Drought Monitor January 20, 2026

(Released Thursday, Jan. 22, 2026)

IIIinOiS Valid 7 a.m. EST

Intensity:

Mone

DO Abnormally Dry

D1 Moderate Drought
D2 Severe Drought
D3 Extreme Drought

| N

D4 Exceptional Drought

The Drought Momitor focuses on broad-scale
conditions. Local conditions may vary. For more
nformation on the Drought Monitor, go fo

hito s:4/droug htmonitor.unl edu/About.a spx

Author:

Brad Rippey
U.5. Department of Agriculture

droughtmonitor.unl.edu
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A Transpirationc movement of water through the plant
I Transports water and nutrients and cools plant

A Photosynthesis; converts C?and HO Into sugar
(carbohydrates) and gives o
I Food used for chemical compounds and metabolism
I Transported as sugar, stored as starch

A Respirationc used carbohydrates produced via
photosynthesis to convert into energy using oxygen
I Respiration complements photosynthesis!

I Photosynthesis results in food production, respiration breaks
down the food and converts it into energy



Transpnratnon—Cohesuon Hypothesis

Evaporation (the driving force)

The lower water potential
of air causes evaporation
from cell walls.

This lowers the water potential
in cell walls and in cytoplasm.

Cohesion (in xylem)

Cohesion holds water columns
together in capillary-sized xylem
elements.

Air bubbles block movement
of water to next element.

Water uptake (from soil)

Lower water potential in root
cells draws water from soil.

The absorptive surface
increases with the production
of more root hairs.

Water moves through
endodermis by osmosis.




Cavitation and Embolism in Xylem Vessels

A Cavitation- occurs when
tension of water within xylem -

Air bubbles can form in xylem

CAVITATION IN XYLEM

Air can be pulled through 879 o j:‘
. mu':'r'oscoplc pores in the xylem cell | & ]} pits”l’]ll_
becomes so high that R
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dissolved air within water > Once a gas bubble has formed 1] T oiner 15555
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A Embolism- process where air
bubbles block the water
conducting elements of plant
due to decrease In soil water
avallability or increased
atmospheric demand

water flow

Trunk

Xylem tube
with normal

Embolism

{break in the water

column that prevents
transpiration)



Water Potential and Transpiration in Trees

Mesophyll
cells

Xylem

A

Low Atmaosphere:
~-100 MPa

Transpiration draws
water from the leaf.

Leaf at tip of tree:
~-1.5 MPa

Water potential gradient

Cohesmn and adhesmn
draw water up the xylem.
Stem:~-0.6 MPa

High

Root hairs .| Root cells: ~—0.2 MPa

— Soil particle

— \\ater molecule
— Xylem
Negative water potential

draws water into the root.




Climate Change and Woody Plant Health
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root

expantion

Pathogen Host plant

Manion PD, LaChance D
1992.

Forest decline concepts:
An overview. In: Forest
Decline Concepts, eds g *
Manion PD, LaChance D; =

Drought

Inadequate
cultural practices




Drought Induced Tree Response
Using the White Oak Model

Physiological
threshold
]

1
Soil moisture 9| Treewater | [ Physiological ‘: Death
deficit stress damage j of tree
|
Feedbacks

Acclimation of roots Premature death
growth / physiological / of roots or root systems
biochemical / molecular




Drought and Oak Tree Response

A Duration and intensity of drought is important
A Both photosynthesis, and respiration decrease

A Growth of all plant organs decrease with drought

I Crown transparency, branch dieback, reduction in height and
diameter/caliper

I Root length and number of root tips increase with increasing
drought conditions

I Reduction in leaf area and subsequent leaf shedding

A Premature fall color occurs
I Decreasing chlorophyll and increasing carotenoid levels




Drought Stress and Tree PhyS|o'loglcaI Respons

A Rapid response is
stomatal closure

A Regulation of
transpiration D e
A Low xylem pressures and —/ -
air embolism disrupts e e :
water transport, hydraulic
fallure, desiccation, whole
tree death

A Smaller vessel diameters,
Increase pit membrane
thickness

Evaporation

Mesophyll <




Drought Stress, Plant Hormones, and Soil Microb
A Hormoneshelp control drought e tees ormycortizai suns

physiology '

I ABA plays role in drought sensing,
alters root development, regulates
root-shoot ratio and leaf shedding

A Soil microbes improve leaf water

potential and photosynthetic rates

A Microbes react stronglyto 4
drought stress impacting drought e & BE= <81
stressed plants 4 A

I Shifts density antehaviourof
mutualistic fungi and/or pathogens

I ECM alters tree response to drought A& |
along with ABA and other hormones ™




Plant Hormones and Drought Response

HORMONE ROLE IN DROUGHT RESPONSE
A Abscisic acid (ABA) A Stomatal regulation

A Auxin (IAA and IBA) A Lateral root formation, root branching,
leaf senescence, abscission

A BrassinosteroidéBR) A Root development and architecture

A CytokinengCK) A Root to shoot ratio

A Ethylene (ET) A Root development, leaf senescence

A Gibberellins (GA), A Root growth, stomatal closure, root
Jasmonate$JA) physiology

A Salicylic acid (SA) A Osmotic stress and ROS response
A StrigolactonegSL) A Root branching and architecture



Temperature Extremes and Oak Tree Stress
A Spring and summer seasons key -‘ |

A Extreme temperature changes and |q88 ¥ ¢
winter and spring temperatures
damage buds, flowers, young tissue
lead to winter desiccation |

I Chillingc sudden drop in temperature
during active plant growth or
development

I Freezingg caused by suffireezing
temperatures resulting in intracellular of
Intercellular ice formation

A High summer temperatures affect
flowering and fruiting







Seasonal Precipitation and Oak Tree Stress

A Spring and early summer precipitation critical for soil
moisture retention, nutrient uptake, plant health

I Lack of soil moisture disrupts physiological processes leadin
stress and can limit root growth

A Excessive summer precipitation may lead to increase i
oak decline

I Flooding, increase in foliar diseases and other pathogens (B¢




Solls, Water Relations and Tree Roots

A Clay soils slower to drain, sandy soils prone to drougr
A Welldrained soils are critical (i.&eld capacity
A Be aware oboil interfaceissues

Soil-moisture availability (increasing »)

H,O
unavailable |
for plants '

Soil particles with
forms of soil moisture

Hygroscopic H,0” .

Capilary H,0  (D);

Gravitational H,0 -
Saturation
Wilting point Field capacity
* Gravitational
Note: Some capillary water is bound to hygroscopic water

water on soil particle and is also unavailable.



What are Optimum Growing Conditions for White

A O
A O
A O

ntima
ntima
ntima

Oaks
summer temperatures: 21 to 29

spring precipitation: 15800 mm
summer precipitation: 26400 mm

A Annual optimal precipitation: 760,270 mm




Recurrent Drought and Oak Decline

A Decline conditions rarely revert back to normal

I Impacts fine root growth and mycorrhizal associations limiting
water and nutrient uptake

I Impacts disease and insect resistance
A Pathogens are considered major culprit in tree decline

A Older trees less able to adapt or adjust to stress

Pt Thg
¥ /UGA5030065



Trees, Flooding, and Saturated Solls
A Just as damaging as drought
A Will vary with species
A Roots must have Qo respire !
A Symptoms S|m|Iar to water stres<
At NBYIl GdzNB FI f €




Problems Confronting Woody Landscape Plants

A Biotic factors
I Insect pests and Diseases

Animal damage

A Abiotic factors
I Drought Fig. 4

Early drought Late frost

I Flooding Ve Budburst =

I Frosts and Freezes
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Winter frost

I Early frost
Leaf fall Late drought

Charrier G. et al (2021) Annals of Forest Science




Acute versus Chronic Oak Decline

Acute Oak Decline Chronic Oak Decline
A Specific set of symptoms A Decline across tree populations
A Rapid decline and death within-3 A Cyclic episodes of rapid
5 years mortality in local but
A Symptoms include: widespread locations
i Bacterial and/or fungal caused A Followed by decreasing or
cankers slower mortality

I Wood-boring insects (borers and A Individual trees exhibit
bark beetles) deteriorating crown condition

I Bark cracking and splitting A Varies with tree species
I Sparse crowns and undersized

leaves A Usually irreversible without

i Short internode growth intervention
A Multiple causal agents involved



Root Rots and Soil Moisture Levels

A Flooded or saturated soilfavor the fungus, and
ore-dispose tree roots to infection

A Roots stressed by reduced soil, &ude more amino
acids and other chemicals that attract fungal zoospores

and root resistance iIs reduced

Soil-moisture availability (increasing ——————— )

H,O
unavallable '
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Soil particles with
forms of soil moisture
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Capillary H,0 <‘; %
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Saturation

Gravitational

.
Note: Some capillary water is bound to hygroscopic water
water on soil particle and is also unavailable.



Stressed Related Root and Crown Rots

A Phytophthora Root Rotommon on
sweet gum, hors&hestnut, maple, oak,
tulip-tree

small roots and root hairs

A Armillaria Root Rocommon on oaks

i Mushroom cluster at tree base, black shoeg
string myceliumrhizomorphg under bark ~ [&8&



https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=2789536_per-22-95-g001.jpg

Stress Related Cankers
A Nectriacankercommon on birch, elm,
linden, maples, an@runusspp.

A Thyronectriacankercommon on maple
and oak

A BotrysphaeriaCankercommon on apple, -

ash, crabapple, elnlmoneylocust linden,
maple, oak, pine, redbud, and sycamore




SapFeeding Insects and Plant Water Stres

A Perform poorly on water |
stressed plants P

A Survivorship was adversely —— F 2F
affected resulting in lower
pest density

A No effect onovipositional
preference and fecundity




Plant Water Relations and Chewing Insect

Pests
A Survival, density, and overall performance were
adversely affected on chronically water stressed plants
I Moths, sawflies, beetles
A Tougher foliage results from water stress and reduces |
availability

A Leafminersbenefit due to elevated leaf N and avoidanc
of allelochemicals with no effect for Lepidopteran and
Dipteranleafminers




Plant Water Relations and Chewing Insect:

A Intermittent stress may not benefit chewing insects due
to allelochemicalproduction which are avoided by sap
feeders which feed in the vascular system

A Reduced water content and elevatatlelochemicals
(phenolg resulted in poor caterpillar performance on

stressed plants
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Plant Water Relations and WoeBoring
Insects

A Bark beetles benefit from water stress due to
decreases in oleoresin pressure
I Implicated for bark beetles in pines

I Reduced bark moisture and lower incidence of
drowning In saturated bark tissue faimmghorned
beetle larvae on Eucalyptus




lllinois Oak Decline Study

Potential Factors Contributing to Oak Decline and Deatl




Oak Decline Stages

! (;‘

tage 2

Oak decline, Stage 3

Oak decline, Stage 4



Oomycete Species Associated with Oak Roots
lllinois Rural Oak Forests and Urban Oaks

Oak Species Oomycetes Sequenced

White Oak, Northern Phytophthorachlamydospora

Red Oak Pythium splsolate Pyt726

Urban Oak Studies Pythiumtorulosum (oaks growing with turf)
Pythiumvanterpoolii
Phytopythiumvexans(rural and urban oak trees)

Bur, Black, Shingle Oaks Phytopythiumvexans(rural and urban oak trees)
Pythiumaff. diclinum

White, Swamp White,  Phytophthorapini (WO)
English, and N. Red Oal PhytophthoragonapodyidegWO/SWO),
’ Phytopythiumplurivora (WO)

Pythium littorale(WO)

P.ythiumlatarium (NRO)
Globisporangiumheterothallicum(WO)
Globisporangium(Pythium)macrosporum(NRO)
Elongisporangiunmanandrum(NRO)

Urban Oak Studies by
Adams and Watson (2024),
Remsen et al. (2025), and
Miller et al., 2025)



Root Sampling Sites with Low (L) to Very Low (V
Soil Nutrient Levels

(20232024)
Sampling Sites
Phosphorus (P) 60%
Potassium (K) < 2%
Magnesium (Mg) 18%
Calcium (Ca) 51%
Sulfur (S) 33%
Zinc (Zn) 40%
Manganese (Mn) 0%

Iron (Fe) 0%



% Root Infection by Site, Hydrology, Soil Texture, pH, ar
Soil Nutrient Levels

Site % | Slope, Hydrology, pH | Low| Low| Low| Low
Inf fexture 1<60| P | ca|l S| zn
X X X X

Miami Woods FP 100 FlatPoorSCL

Willow Springs FP 100 FlatPoorSCL X X X X X
Matth. SP 70 FlatWD-SL 7.0 M H M VH
Wash. County Sp2 100 FlatPoorSCL X X X X
Randolph County SP 100 FlatPoorSCL X X X X
GVFP-2 100  FlatPoorSCL X X X

Blackhawk SHS 83 UpperFlatWD-SL 7.1 H VH M H
Carlock 20 UpperWD-SISCL X X M M X
Blackwell FF 100  FlatPoorSCL X X X

Means 8% 78% 67/% 22% 44%
Perched or Seasonal SCL=SiHClayLoam

HWT, 2Clayey, Clay Pan WD=WeliDrained



Summary: What Have We Learned So Far?
A Visual tree assessments do not reflect root infection
I Oomycete infection rates >80%
A Number of known oak pathogens have been identified
A White oaks tend to have higher infection rates
A Higher infection on flat slopgslope <5%)

A Higher infection on poorly drained sites with clayey
subsolls, and high or perched water tables

_Ow or no infection on sandy to sandpt soils

Rooting depth does not appear to affect root infection
Higher infection on solls with low levels of Ca, S, or Zn
High levels of Fe may affect overall nutrient balance

Do To To o




Fungicide Trials for Urban Oaks

A Fungicide Treatments
A Root Core Samples for Root Densi
A Colonization by mycorrhizae
A Annual Visual Canopy Assessmeng

Soil cores for
measuring root
density




Factors Associated with Decline Diseases of Urb:
and Landscape Trees

Predisposing Salt, Age, drought, Age,excessive Salt, Outside
compacted, high soil pH, drainage, restricted natural range
poor soil fill, poor or  outside natural root space and habitat,
aeration, excessive range and restricted
restricted drainage natural habitat root space
root space

girdling roots

Soil-moisture availability (increasing —— )

H,O
unavailable | |

for plants H ilable »|e— H,0 —»
Soil particles with P [ gOavaRablc: S} ?_0_

forms of soil moisture
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100U
Gravitational H,0 ' ‘
ravitational H, Q

Wllnng point Field capacity

o~

Saturation

4 Gravitational
Note: Some capillary water is bound to hygroscopic water
water on soil particle and is also unavailable.




Factors Assoclated with Decline Diseases ¢

Urban and Landscape Trees

Inciting Construction,  Construction, Sudden Construction, Construction,
drought, drought, exposure,  drought, drought
temperature defoliation, drought, temperature
extremes, frost damage defoliation, extremes, sun
defoliation frost scald

damage

Contributing Sugar maple  TLCBcankers, Bronze birch Linden borer  Cankers, root
borer, cankers, root rots borer,sap  sap rots rots
root rots rots, root
rots




Mitigation and Management of Tree Stressors
AdwAIKG LI FYGsE wiAi3IKda LI I O

A Know what is below the surface, take a soil sample

I Helps determine soll nutrient availability and aides in leaf tiss
analysis to determine nutrient deficiencies

A Improve soitwater drainage and soil structure
I Manage drainage away from tree roots
i52yQi0 Fftft2¢6 ol 0SNI G2 L2t |
I Apply mulch to conserve soil moisture, moderate soll
temperatures, and lessen compaction

I Where feasible, use radial trenching or-ggading to reduce
compaction and improve soil structure



Mitigation and Management of Tree Stressors
A Water during hot dry weather
iMé 2F ANNAIFGAZY LISNI 6SS| ¥
AhLIGAYEFE &LINRAY 3 LING-80OD inik)idok daks 2 v Y
AhLIGAYIf &dzYYSNI LINE DAdim) forioake v Y
Al vydzl £ 2LIJOAYIE LINDE QARIO\nN: far daRsy Y
A Maintain proper soil nutrition and fertilization
I Water newly planted B&B trees to facilitate root regeneration

I Fertilize established trees
A Annually 12 Ibs. N per 1,000%t

I Limit fertilization of matureovermature trees
A 11b. N at 22 yearintervals
A Apply chemical pesticides as needed
I Use least toxic products
I Conserve natural enemies and pollinators



Challenges Related to a Better Understanding C
Climate Change Research

A Woody plant research is expensive and take decades ¢
to long rotation times

A Ability to predict tree responses to drought and future
climatic conditions

A Understand that longerm drought results in longerm
legacy effects

I Differences in responses between Angiosperms and
Gymnosperms

At dzNXBadglStedomigratiod 2 F (GNBS & LIS
and/or movement beyond their current range

A Integration of technology and remote sensimp woody
plant management



Questions Still to Be Answered

A Better understanding of e
Interactions with mature
trees

A Do trees select and/or
recruit microbes suitable
for drought conditions

A Relationship between
tree phenotypic variation ,
and associated microbes e

Enhancing drought

A Genetics and Drought &8

rrrrrrrrrr

Resilience \

What are the genetic mechanisms

More effective forest management



REMEMBER, IT WILL BE COMPLICATED!!!

VEHICLES WITH
DISTRICT NO. 64
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Elm Zigzag Sawfly

A Native to China, Japan, Russian Far East, fir
discovered in MI, WI, anidl in 2024 (Cook &
County)

A Reported elm hosts include). americana, U. “
alata, U.parvifolia. Uprocerg U. pumila, U. &
rubra W/ | G KSRNJ f QF WwC

A 4 to 6 generations per year
A Strong flyer(can disperse 380 miles/year)
A Feeds from the edge of leaf in a zigzag patte’
A Very rapid adult emergence

A Forms summer and winter cocoons

A Management includes
I Early detection (EDRR programs
I Chemical management




Spotted Lanternfly (SLF)

A Native to China, India, South Korea,
and Vietham

A Present MI, OH, IA, IIN, (Cook County)

A Major pest of vineyards and tree
fruits

A Preferred hosts include Tree of
heaven,walnut, and willow

A Eggs laid in late fal
A Remove unwanted grape, brush, TOH§#{ §
A Mature trees do not require protectionf h‘
A Young, plants may need protection i




Spotted Lanternfly Life Cycle

Adult formscan be seen as
early as July.

The eggs are laid in the fall.
Preferred hostis the Tree of
Heaven, Ailanthus altissima,
but any smooth bark tree
will do.

The nymphs have 4 instars
and develop red spots in
addition to the white spots
exhibited in earlier instars.

Nymphs begin to
hatch in late April
to early May.
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Fungal fruiting bodies on early leaves



