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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

ABSTRACT

A total of 10 treatments (including an untreated check) were used to evaluate herbaceous weed control, survival, and 3-year 
growth in a newly established loblolly pine plantation. All treatments were replicated three times in a randomized complete 
block design. The treatments of (1) Oust XP + Velpar L or (2) Oust XP + Velpar L + Esplanade SC (5 ounces) provided 
the best overall results in herbaceous weed control, survival, height growth, and groundline diameter growth. Indaziflam 
demonstrated potential for future use in such applications over loblolly pine seedlings.

INTRODUCTION
For more than 30 years, herbaceous weed control (HWC) 
has been a standard practice in the establishment of pine 
plantations in the South. Through the years, a variety of 
herbicides have been used in these applications. Currently, 
a combination of sulfometuron methyl and imazapyr is the 
most widely utilized application for loblolly pine seedlings. 
Indaziflam has demonstrated efficacy in tank mixtures for 
such applications and there is some evidence that indaziflam 
can provide residual weed control into the next year after 
application. Such residual control could provide additional 
growth in recently planted loblolly pine seedlings.

OBJECTIVES
The primary objective of this study was to compare survival 
and growth of loblolly pine seedlings over a 3-year period 
following HWC applications. Of particular interest was to 
determine if treatments using Esplanade SC® (indaziflam) 
produced better growth than those without the material.

METHODS
Study Site
The study was installed on Weyerhaeuser land in Choctaw 
County, Mississippi. The site was harvested in 2016, received 

a combination plow treatment in the summer of 2017, 
chemical site prep in September 2017, and was planted 
in January 2018. Shortly after planting, extreme cold 
temperatures damaged many seedlings. For that reason, the 
original seedlings were removed from the research area and 
new Weyerhaeuser loblolly pine seedlings were planted on 
February 28, 2018.

Plot Layout
All plots consisted of an area 5 feet x 100 feet with the planted 
pine seedlings along the midline of the plot. Of the 15 to 16 
total seedlings which occurred in each plot, 10 were marked 
with pin flags as sample trees prior to treatment application.

Experimental Design
A randomized complete block design was utilized in the 
study due to the slight elevational difference that occurred 
across the site. Blocks were arranged across this gradient. 
Three replications of each treatment were installed.

Treatments
A complete list of treatments is presented in table 1. Please 
note that the Arsenal® used in the study is a 2-pound active 
ingredient (AI) imazapyr product while the Arsenal AC® in 
Treatment 10 is a 4-pound AI imazapyr product.
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Table 1—List of treatments in 2018 Bayer HWC study (product 
amounts are per-acre rates)

1.	 Untreated check

2.	 Oust XP (2 ounces) + Arsenal (8 ounces)

3.	 Oust XP (2 ounces) + Velpar L (32 ounces)

4.	 Oust XP (2 ounces) + Arsenal (8 ounces) + Esplanade SC (3 ounces)

5.	 Oust XP (2 ounces) + Velpar L (32 ounces) + Esplanade SC (3 ounces)

6.	 Oust XP (2 ounces) + Arsenal (8 ounces) + Esplanade SC (5 ounces)

7.	 Oust XP (2 ounces) + Velpar L (32 ounces) + Esplanade SC (5 ounces)

8.	 Oust XP (2 ounces) + Arsenal (8 ounces) + Esplanade SC (7 ounces)

9.	 Oust XP (2 ounces) + Velpar L (32 ounces) + Esplanade SC (7 ounces)

10.	Oust XP (2 ounces) + Arsenal AC (4 ounces)

Application
All treatments were applied on March 9, 2018, using a CO2-
powered backpack sprayer with a hand-held wand and TK 
2.5 Floodjet nozzle. Total spray volume was 20 gallons per 
acre. Treatments were applied in a 5-foot swath over the top 
of the planted seedlings with the seedlings serving as the 
midpoint of the spray swath.

Evaluation
Herbaceous weed control and crop tolerance of the planted 
seedlings were evaluated by ocular estimates in June, July, 
and September 2018. HWC was recorded by vegetation 
classes and any signs of phytotoxicity were recorded by type 
(e.g., necrosis, epinasty, rosetting). Survival was recorded 
in June and September 2018; October 2019; and October 
2020. Seedling height and groundline diameter (GLD) were 
recorded in March 2018; October 2018; October 2019; and 
October 2020.

RESULTS
Competition Control
All herbicide treatments except Treatment 2 had 70 percent 
or more bare ground in June 2018 (table 2). No apparent 
rate response was evident from the addition of Esplanade 
SC® at either the June or September evaluations. Treatments 
continued to provide an average of 16.7-48.3 percent bare 
ground in September 2018 (table 3). Treatments with 
Velpar L®, both with Esplanade® (Treatment 7) and without 
(Treatment 3) provided the most bare ground in the 
September evaluations. It should be noted that retention of 
20+ percent bare ground in September is considered to be 
very good or excellent results in the South.

Table 2—Average coverage by treatment and vegetation
class, June 2018 (average all replications)

Treatment Grass Forbs Bare

--------------------percent--------------------

Untreated 40.0 50.0 20.3

O + A 8.7 53.3 38.3

O + V 2.7 15.0 82.3

O + A + E(3) 1.0 10.0 90.0

O + V + E(3) 5.3 25.0 70.0

O + A + E(5) 0.3 25.0 75.0

O + V + E(5) 2.0 8.3 90.0

O + A + E(7) 1.0 13.3 86.7

O + V + E(7) 6.7 10.0 78.3

O + AC 4.0 16.7 80.0

A = Arsenal; 0 = Oust XP; V = Velpar; E = Esplanade.

Table 3—Average coverage by treatment and vegetation 
class—September 2018 (average all replications)

Treatment Grass Forbs Bare

---------------------percent---------------------

Untreated 56.7 60.0 0.0

O + A 33.3 41.7 25.0

O + V 33.3 26.7 40.0

O + A + E(3) 26.7 40.0 32.3

O + V + E(3) 56.7 26.7 16.7

O + A + E(5) 40.0 36.7 23.3

O + V + E(5) 10.0 41.7 48.3

O + A + E(7) 31.7 43.3 25.0

O + V + E(7) 40.0 31.7 28.3

O + AC 63.3 16.7 20.0

A = Arsenal; 0 = Oust XP; V = Velpar; E = Esplanade.

Crop Tolerance
No symptoms of injury were observed in any treatment plots. 
Loblolly pine tolerance to indaziflam had been evaluated 
previously, but not in all the mixtures in this study.

Survival
Survival among the treatments ranged from an average of 
80.0 percent to 100 percent (table 4). Overall survival in the 
study was 93.0 percent after three growing seasons which 
would be considered excellent for a loblolly pine plantation. 
Overall survival after the first growing season was 93.7 
percent, again demonstrating that the vast majority of 
mortality usually occurs in the first growing season.
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Table 4—Average survival, height, and groundline diameter 
(GLD) by treatment after three growing seasons (average all 
replications)

Treatment Survival Height GLD

-percent- -feet- -mm-

Untreated 93.3aa 6.86d 38.7e

O + A 100.0a 8.63ab 54.0a

O + V 96.7a 9.07a 54.9a

O + A + E(3) 80.0b 7.53c 44.7d

O + V + E(3) 100.0a 8.30b 53.6ab

O + A + E(5) 93.3a 8.03b 49.9c

O + V + E(5) 90.0a 9.40a 54.5a

O + A + E(7) 86.7ab 8.53ab 50.7c

O + V + E(7) 100.0a 8.93a 52.9b

O + AC 90.0a 8.00b 48.5c

A = Arsenal; 0 = Oust XP; V = Velpar; E = Esplanade.
aValues in a column followed by the same letter do not differ at alpha = 0.05.

Height
There was notable variation in total tree height among the 
blocks. As might be expected, the lower elevation area had 
taller trees which is attributed to soil moisture availability 
during the growing season. After three growing seasons, 9 of 
10 treatments had the highest averages in the lowest elevation 
block. While the difference in elevation was not great, it 
seemingly was sufficient to result in a growth difference. 
While HWC did not result in a statistical difference when 
herbicide treatments were compared to untreated plots for 
survival, it did result in a significant difference in average 
total height after 3 years (table 4). The same treatments that 
produced the most bare ground during the first growing 
season (Oust XP® + Velpar L® and Oust XP® + Velpar L® 
+ Esplanade SC® -5 ounces per acre) also resulted in the 
greatest average heights. Generally, increasing the rate 
of Esplanade SC® from 3 to 5 ounces per acre resulted in 
increased height, but additional increases to 7 ounces per 
acre did not always produce greater heights.

Groundline Diameter
While average GLD was greater in the lowest elevation block 
in 8 of the 10 treatments, GLD was more consistent among 
blocks than heights. Again, herbicide treatments all resulted 
in significantly greater growth as compared to the untreated 
plots (table 4). The same treatments that resulted in the 
greatest average heights (treatments 3 and 7) also resulted 
in the greatest average GLD. It is consistent that these two 
treatments which provided the best HWC results also had the 
greatest average height and GLD.

SUMMARY
Survival in this study was excellent. The results of this study 
reflect that the study site is very well suited for the growth 
of loblolly pine. Grass control from the treatments was very 
good except for Andropogon later in the growing season 
and none of the treatments were expected to control that 
genus. Forb control was also very good except for fireweed or 
American burnweed (Erechites ). The addition of indaziflam 
generally provided additional competition control. Rate 
response from the addition of indaziflam was not strong, 
but 5 ounces per acre appears to provide the best results of 
the rates tested. The addition of indaziflam to Oust XP® + 
Velpar L® consistently provided better results than the same 
additions to Oust XP® + Arsenal ®. After three growing 
seasons, the best growth in this study resulted from two 
treatments—Oust XP® + Velpar L® (Treatment 3) and Oust 
XP® + Velpar® + Esplanade SC®-5 ounces (Treatment 7).


	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




