
51PROCEEDINGS OF THE 21ST BIENNIAL SOUTHERN SILVICULTURAL RESEARCH CONFERENCE

THE EFFECT OF DROUGHT ON 
LOBLOLLY PINE (PINUS TAEDA) 

PHOTOSYNTHESIS AND WHETHER 
THINNING OR GENETIC ENTRY 

CAN IMPROVE PLANTATION 
DROUGHT RESILIENCE

Norman J. Cone IV, Joshua P. Adams, Michael A. Blazier, 
Mary Anne S. Sayer, and Michael C. Tyree

EXTENDED ABSTRACT
Loblolly pine (Pinus taeda) is an essential economic timber species that brings in billions 
of dollars to the economy of Southeastern States; however, climate projections predict a 
warmer and more droughty climate over the next century (Ahmadalipour and others 
2017, McNulty and others 2019, Oswalt and others 2019). Plantation managers must adopt 
new practices to maintain timber production despite these future adverse conditions. Two 
main methods are proposed to ameliorate drought stress in timber plantations: Reducing 
plantation density through thinning and planting drought-resistant genotypes. During 
the 2011 extreme drought in Texas, Klockow and others (2020) observed that loblolly 
plantations exhibited superior survival rates to natural stands and attributed those survival 
rates to the lower tree density.

For decades foresters have analyzed growth differences among loblolly pine genotypes 
and seed sources. Seed sources from the Atlantic Coastal Plain (ACP) exhibit superior 
growth rates and form, but loblolly pine seedlings from the Western Gulf Region (WGR) 
are thought to be more drought-resistant (Schmidtling 2001). While ACP seed sources are 
preferred by landowners due to their superior productivity, future drought conditions may 
incentivize the planting of WGR seed sources. This study set out to understand whether 
thinning could ameliorate loblolly pine tree drought stress and if there was genotypic 
variation in drought resistance.

A loblolly pine plantation was established in Homer, LA in 2005 at the LSU AgCenter 
Hill Farm Research Station. Three genotypes of loblolly pine were planted: (LA) an open-
pollinated Louisiana family commonly recommended for landowners in North Central 
Louisiana, (756) an open-pollinated North Carolina family from the Atlantic Coastal 
Plain, and (93) a clonally propagated variety based on the rooted cuttings of a robust 756 
individual. Additional site details and genotypic information can be found in Blazier 
and others (2018). Half of the trees were thinned in 2018 to create thinned (561 trees ha-1) 
and non-thinned (1122 trees ha-1) treatments. Beginning in 2019, half of the plots were 
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trenched 1 m deep, and plastic was lined in the trenches to restrict lateral flow of water in 
soil. Precipitation exclusion shelters were built around each drought plot to cause complete 
water exclusion, which was fully initiated on June 5, 2020. All possible combinations of 
genotype, thinning, and drought treatments were replicated three times for a total of 36 
experimental units.

Photosynthetic measurements were recorded during each season to understand seasonal 
variation in photosynthesis and drought resistance. A LiCor 6400 XT (LiCor Inc., Lincoln, 
NE, USA) was utilized to measure photosynthesis. Foliage was destructively measured by 
removing branches from the trees. Two flushes from each branch were measured when 
present. Curve fitting software was utilized to convert field data into Pgmax and Rd for 
analysis (Lobo and others 2013).

Repeated measures analysis of variance (ANOVA) was conducted in SAS (SAS Institute, 
Inc., Cary, NC) using PROC GLIMMIX which incorporates fixed and random effects to 
compare Pgmax and Rd between treatments. Genotype, thinning, and drought and their 
interactions were included in the model as fixed effects, while date and its interactions 
with fixed effects were random effects. An alpha level of 0.10 was utilized to account for 
the inherent variation in photosynthesis among needles in a large tree canopy (Tang and 
others 1999). Each flush generation (F18, F19, F20) was analyzed separately. Flush 2018 
did not have date or drought incorporated into the statistical model because it was only 
measured on one date prior to water exclusion.

Following initiation of drought simulation on June 5, 2020, treatment differences in 
volumetric soil water content (VWC) did not manifest until August 3, 2020 (fig. 1). A large 
increase in VWC occurred in non-drought plots following Hurricane Laura on August 27, 
2020. Despite the site experiencing a massive amount of precipitation from the hurricane, 
water exclusion shelters were able to prevent soil water recharge in drought plots.

Strong date effects were observed in this study (table 1). Leaf photosynthesis and dark 
respiration were greatest during the summer and lowest during the dormant season. 
Photosynthetic analysis observed significant differences in Pgmax and Rd among the 
genotypes. In the F18 flush, LA and 756 genotypes had significantly greater Pgmax than 
the clonal 93 genotype (P=0.09). Genotypic differences were maintained during the F19 
flush, with LA having significantly greater Pgmax than clonal 93 (P=0.09). No genotypic 
differences in Pgmax were observed in the F20 flush (P>0.1).

Significant genotypic differences in Rd were also observed among the genotypes. In F18, 
756 and LA exhibited significantly greater Rd than 93 (P=0.09). In F20, 93 exhibited 
significantly greater Rd than LA, while 756 was not significantly different than either 
genotype. No significant differences were observed in the F19 flush.

No significant drought or thinning effects were observed during the study, but there was a 
marginally nonsignificant trend for non-drought plots to exhibit greater Pgmax than drought 
plots during the F20 flush (P=0.12).

This study demonstrated clear genotypic differences in Pgmax and Rd among eastern and 
western loblolly pine genotypes. While significant photosynthetic differences in drought 
treatments were not observed, the marginally non-significant trend indicates that 
photosynthetic differences may develop as differences in soil moisture increase. While the 
2011 southeastern drought caused extreme drought conditions for 11 months, plantation 
loblolly pine only experienced 10 percent increased mortality (Klockow and others 2020). 
That trend suggests that loblolly pines are considerably drought-resistant and that more 
time is needed in this experiment for drought effects to manifest.
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Table 1—Statistical analysis (ANOVA F-Tests) test of fixed 
effects of maximum gross photosynthesis (Pgmax) and dark 
respiration (Rd) in F20, F19, and F18 foliage

Pgmax Rd

Fixed Effects df P df P

F20 Genotype 2 0.3014 2 0.0146

Drought 1 0.1184 1 0.1763

Thin 1 0.9383 1 0.8781

Date 3 <0.0001 3 <0.0001

Genotype x Drought 2 0.7417 2 0.9120

Genotype x Thin 2 0.7945 2 0.2842

Thin x Drought 1 0.8202 1 0.3452

Genotype x Drought x Date 6 0.3397 6 0.7476

F19 Genotype 2 0.0862 2 0.7080

Drought 1 0.5808 1 0.9225

Thin 1 0.6963 1 0.1718

Date 5 <0.0001 5 <0.0001

Genotype x Drought 10 0.3580 10 0.3339

Genotype x Thin 2 0.4830 2 0.4434

Thin x Drought 1 0.7697 1 0.1775

Genotype x Drought x Date 6 0.7711 6 0.7418

F18 Genotype 2 0.0926 2 0.0516

Drought — — — —

Thin 1 0.8934 1 0.1637

Date — — — —

Genotype x Drought — — — —

Genotype x Thin 2 0.9294 2 0.5827

Thin x Drought — — — —

Genotype x Drought x Date — — — —

Em dash (—) indicates that drought and date effects were not analyzed in F18.
Degrees of freedom (df) and probability of a greater F (P) are provided for each variable and flush. F20 
and F19 foliage were measured over multiple dates and analyzed with a repeated measures ANOVA. 
F18 developed prior to drought initiation, and values only represent a single measurement period. 
Significant P values (ɑ ≤ 0.10) are bolded while marginally nonsignificant values are italicized.
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Figure 1—Volumetric Soil Water Content (VWC) (0 - 30 cm) of drought and nondrought plots following drought initiation 
on June 5, 2020.

LITERATURE CITED
Ahmadalipour, A.; Moradkhani H.; Svoboda, M. 2017. Centennial drought outlook over the CONUS Using 

NASA-NEX downscaled climate ensemble. International Journal of Climatology. 37(5): 2,477–2,491.
Blazier, M.A.; Tyree, M.C.; S. Sayer, M.A. [and others]. 2018. Gas exchange and productivity in temperate and 

droughty years of four eastern, elite loblolly pine genotypes grown in the Western Gulf Region. International 
Journal of Agronomy. Article ID 3942602: 1–10.

Klockow, P.A.; Edgar, C.B.; Moore, G.W.; Vogel, J. G. 2020. Southern pines are resistant to mortality from an 
exceptional drought in east Texas. Frontiers in Forests and Global Change. 3(March): 1–12.

Lobo, F. de A.; Barros M. P.; Dalmagro, H. J. [and others]. 2013. Fitting net photosynthetic light-response curves 
with Microsoft Excel—a Critical look at the models. Photosynthetica. 51(3): 445–456.

McNulty, S.; Baca, A.; Bowker, M. [and others]. 2019. Managing the effects of drought in the Southeast United 
States. In: Vose, James M.; Peterson, David L.; Luce, Charles H.; Patel-Weynand, Toral. Effects of drought 
on forests and rangelands in the United States: translating science into management responses. Gen. Tech. 
Rep. WO-98. Washington, DC: U.S. Department of Agriculture, Forest Service, Washington Office: 191–220. 
Chapter 9.

Oswalt, S.; Smith, W.; Miles, P. [and others]. 2019. Forest resources of the United States, 2017: a technical 
document supporting the Forest Service 2020 RPA Assessment. Gen. Tech. Rep. WO-97. Washington, DC: 
U.S. Department of Agriculture, Forest Service, Washington Office. 223 p.

Schmidtling, R.C. 2001. Southern pine seed sources. Gen. Tech. Rep. SRS-44. Asheville, NC: U.S. Department of 
Agriculture Forest Service, Southern Research Station. 25 p.

Tang, Z; Chambers, J. L.; Guddanti, S; and Barnett, J. P. 1999. Thinning, Fertilization, and Crown Position 
Interact to Control Physiological Responses of Loblolly Pine. Tree Physiology 19(2): 87–94.


	Keynote
	A Status Report on Silviculture in the South—Amazing Successes, and Challenges That Remain
	James M. Guldin


	Prescribed Fire
	Radial Growth Response of Shortleaf Pine (Pinus echinata) and Post Oak (Quercus stellata) to Climatic Variability and Management in Southeastern Oklahoma
	Rodney E. Will, Arjun Adhikari, Ronald Masters, Henry Adams, Omkar Joshi, and Chris Zou

	Flammability of Litter From 50 Southeastern Tree Species Along Mesophication Gradients
	J. Morgan Varner, Jeffrey M. Kane, Jesse K. Kreye, and Timothy M. Shearman 

	Variation in Bark Allocation and Rugosity Across Seven Co-Occurring Southeastern U.S. Tree Species
	Timothy M. Shearman and J. Morgan Varner

	Temporal Effects of Hurricanes and Prescribed Fire on Fuel Loading and Pine Reproduction in the Southeastern United States
	Lauren S. Pile Knapp, Shanyue Guan, Bo Song, and G. Geoff Wang


	Bottomland and Riparian Forests
	Occurrence and Growth Dynamics of Natural Regeneration in an East Texas Bottomland Hardwood Forest
	Lydia J. Voth Rurup, Kathryn R. Kidd, Jeremy P. Stovall, Brian P. Oswald, and Steven B. Jack

	Evaluating Watershed-scale Effects of Longleaf Pine Restoration on Water Yield using a Paired Watershed and Modeling Approaches
	Devendra M. Amatya, Herbert Ssegane, Mohamed D. Hamidi, and Carl C. Trettin

	Impact of Forest Land Use Changes on Groundwater Resources in a Basin of Lower Mississippi River Alluvial Valley Over the Past 100 Years
	Ying Ouyang

	Options for Riparian Buffer Tree Planting in North Alabama
	Callie Jo Schweitzer, Daniel C. Dey, and Naijiang Wang

	The Effect of Drought on Loblolly Pine (Pinus taeda) Photosynthesis and Whether Thinning or Genetic Entry Can Improve Plantation Drought Resilience
	Norman J. Cone IV, Joshua P. Adams, Michael A. Blazier, Mary Ann S. Sayer, and Michael C. Tyree


	Loblolly Pine Management
	Three-Year Growth of Loblolly Pine Seedlings Following Herbaceous Weed Control Applications of Sulfometuron, Imazapyr, Hexazinone, and Indaziflam
	Andrew W. Ezell, Andrew B. Self, John E. Ezell, and Jason Belcher

	Use of Glufosinate to Control Natural Pines—a Possible Replacement for Glyphosate
	Andrew W. Ezell, Andrew B. Self, and John E. Ezell

	Four-Year Results of a Chopper® Gen2™ and Forestry Garlon® XRT Rate and Timing Study for Loblolly Pine Site Preparation on the Lower Coastal Plain of Georgia
	David C. Clabo and E. David Dickens

	Fertilization and Post-Drought Recovery Growth Help Compensate for 9 Years of Precipitation Reduction in a Mid-Rotation Pinus taeda Plantation in the Western Gulf Region, USA
	Noah T. Shephard, Omkar Joshi, Cassandra R. Meek, and Rodney E. Will

	Control of Natural Pines Using Site Preparation Mixes With Imazapyr, Glyphosate, Saflufenacil, BAS #1, and BAS #2
	A. Brady Self and Andrew. W. Ezell

	Russell R. Reynolds, Pioneering Forest Service Silviculture Researcher
	Don C. Bragg

	First Year Height Performance of Planted Loblolly Pine Following Site Preparation and Herbaceous Release Treatments on a Lower Coastal Plain Site
	Stephen E. Peairs


	Natural Disturbances and Climate Change
	Forest Landowner Resources for Hurricane and Soil Salinization Preparation and Recovery in the Southeastern United States
	Nancy Gibson, Steven McNulty, Michael Gavazzi, Chris Miller, and Elijah Worley

	Effects of Tornado and Salvage Harvesting Disturbances on Vegetative Community Dynamics in Upland Mixed Pine—Hardwood Stands Within the Davy Crockett National Forest, Texas
	Cassey L. Edwards, Amber N. Blair, Sally J. Shroyer, Alanna B. Crowley, Kathryn R. Kidd

	Current and Emerging Risks to Southeastern U.S. Forests
	Kelsey Bakken, Steven McNulty, Michael Gavazzi, Eva Paradiso, and Elijah Worley

	Adapting Traditional Forest Management Practices to Address Changing Environmental Stresses
	Elijah Worley, Steven McNulty, Michael Gavazzi, Kelsey Bakken, and Eva Paradiso

	Exploring Economics of Loblolly Pine Management in Drought Using Efficiency Analysis
	Noah T. Shephard, Andres Susaeta, Omkar Joshi, and Rodney E. Will

	Evaluation of Landowner Accessible Control Methods for Japanese Stiltgrass (Microstegium vimineum)
	Casey L. Beam, Courtney M. Siegert, Joshua J. Granger, and Raymond B. Iglay

	Connecting Strategic Planning with Forest Operations Using the Forest Adaptive Management Online User System (FAMOUS)
	Kelsey Bakken, Eva Paradiso, Steven McNulty, Michael Gavazzi, and Elijah Worley

	Assessing the Flood Tolerance of Willows and Cottonwoods Planted in Riparian Cropland of the Lower Mississippi Alluvial Valley
	Thu Ya Kyaw, Courtney M. Siegert, Heidi J. Renninger, and Randall J. Rousseau


	Longleaf Pine Management
	Can Longleaf Pine Plantations be Modeled by Calibrating Mixed-Effects Models of Other Species?
	Curtis L. VanderSchaaf

	Linkage Between Longleaf Pine Seedling Morphology and Grass Stage Emergence
	Mary Anne S. Sayer and Shi-Jean Susana Sung

	Seasonal Biennial Burning Has Negligible Effects on Longleaf Pine Basal Area Growth
	John L. Willis, Ajay Sharma, and John S. Kush

	Understanding Wind Risk to Forests: Towards Mechanistic Models of Wind Risk in the Southeastern Coastal Plain
	Jeffery B. Cannon, Brandon T. Rutledge, R. Kevin McIntyre, Angela M. Holland, and Steven B. Jack

	The Percentage of Trees Bearing Cones as a Predictor of Annual Longleaf Pine Cone Production
	Thomas W. Patterson

	Planted Longleaf Pine Stands in the Face of a Tropical Cyclone
	Seth W. Bigelow, Andrew W. Whelan, Jeffery B. Cannon, Gregory Starr, Christina L. Staudhammer, Gavin R. Kenney, and Steven T. Brantley


	Upland Hardwoods Management
	Natural Pruning Varying With Sweetgum Variety and Density
	Joshua P. Adams, Michael Blazier, and Curtis L. VanderSchaaf

	Thirty Years of Cooperative Oak Research and Technology Development in The Southern Region
	Stacy L. Clark, Scott E. Schlarbaum, Barbara Crane, and Tom Tibbs

	Effects of Forest Management Practice (Prescribed Burning) on Mercury Transport: a Case Study in a Paired Experimental Watershed in the Lower Coastal Plain of South Carolina
	Peijia Ku, Martin Tsui, Troy Farmer, Huan Chen, Devendra Amatya, Carl C. Trettin, and Alex Chow

	Fifth Year Development of Natural Regeneration Following Pre-Commercial Herbicide Release Treatments
	Stephen E. Peairs and Wayne K. Clatterbuck

	Is There Hope for Hybrid Poplars in the Southern United States?
	Randall J. Rousseau, Kiah M. Smith, Mark Murphy, and Taylor Bowling

	Water Use, Efficiency, and Stomatal Sensitivity in Eastern Cottonwood and Hybrid Poplar Varietals on Contrasting Sites in the Southeastern United States
	Heidi J. Renninger, Leah F. Stewart, and Randall J. Rousseau


	Shortleaf Pine Management
	Development and Competitive Status of Shortleaf Pine Seedling Sprouts After Prescribed Burning in a Mid-Atlantic Mixedwood Forest
	Matthew G. Olson

	Are Local Seed Sources Still Recommended for Planting Shortleaf Pine in Southern New Jersey and Central Pennsylvania?
	Grant Gallagher and Matthew G. Olson

	Height of Pitch and Shortleaf Pine is Increased by Intraspecific Competition 13 Years After Planting in the Southern Appalachians
	W. Henry McNab

	Restoration Planting of Pitch and Shortleaf Pines After Clearcutting a Mixed Hardwood Stand on a Ridge Site in the Southern Appalachians: Lessons Learned After 13 Years
	W. Henry McNab


	Poster Sessions
	Hedonic Analysis of Loblolly Pine Plantation First Thinning Costs
	T. Eric McConnell

	Probabilistic Estimates of Costs for Treating Southern Pine Beetle Infestations by Cut-and-Leave Suppression Measures During an Outbreak
	Curtis L. VanderSchaaf, T. Eric McConnell, Michael K. Crosby, Jason J. Holderieath, James R. Meeker, Chris A. Steiner, Brian Strom, Crawford (Wood) Johnson

	Projecting Stand Development and Economics of Longleaf Pine Planted Outside its Known Historical Range
	Curtis L. VanderSchaaf, Michael A. Blazier, Joshua P. Adams

	Breast Level Height Displacement: Do Standing Trees Sink Into the Soil
	Curtis L. VanderSchaaf, Boris Zeide, and William B. Patterson 

	Ability of Site Index to Differentiate Merchantable Yield in Southern Yellow Pine Plantations
	Curtis L. VanderSchaaf

	Developing a Simple Longleaf Pine Plantation Growth and Yield Model for the Gulf Region
	Curtis L. VanderSchaaf

	Growth Response of Mature Longleaf Pine to Drought and Thinning at The Harrison Experimental Forest in South Mississippi
	John R. Butnor, Robert J. Eaton, and C. Dana Nelson

	A Photographic Record of The First Silvicultural Research by The Southern Forest Experiment Station
	Don C. Bragg

	Effects of Planting Stock on Growth and Survival in an Artificially Regenerated Shortleaf Pine Forest in the Southern Appalachian Mountains
	Tara L. Keyser and Amelia L. MacDonald


	_Hlk78354839
	_Hlk97111059
	_Hlk54599803
	_Hlk80867534
	_Hlk74916058
	_Hlk10106897
	_Hlk71732962
	_Hlk77616331
	_Hlk78528015
	_Hlk77414874
	_Hlk58428823
	_Hlk100328355
	_Hlk77423539
	_Hlk77022041
	_Hlk77024705
	_Hlk56360094
	_Hlk77868401
	_Hlk56360902
	_Hlk78201851
	_3znysh7
	_2et92p0
	_Hlk79404195
	_ENREF_1
	OLE_LINK1
	_Hlk84310732
	_Hlk78181637
	_Hlk78443124
	_Hlk77884846
	_Hlk72400178
	_heading=h.gjdgxs
	_Hlk104364191
	_Hlk104364170
	OLE_LINK2
	OLE_LINK1
	OLE_LINK3
	_Hlk75772834
	_Hlk76559739
	_Hlk81480985
	_Hlk72397673
	_Hlk72738448
	gtr-268 21st BSSRC pg 112.pdf
	_Hlk78528015
	_Hlk77414874
	_Hlk58428823
	_Hlk100328355
	_Hlk77423539
	_Hlk77022041
	_Hlk77024705
	_Hlk56360094
	_Hlk77868401
	_Hlk56360902
	_Hlk78201851
	_3znysh7
	_2et92p0
	_Hlk79404195
	_ENREF_1

	gtr-268 21st BSSRC pg 127.pdf
	OLE_LINK1
	_Hlk84310732




