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The problem of Low to relezse pine plantations from cormeting
hardwoods, both effectively «nd inexrensively, hes beco::e an irmor-
tent fector in recent yeecrs, Thus a study wes initisted by tie Lower
Peninsula Forest Resecrcn Center of the Lixe States rorest Zxneriment
Station to test the effect of season of errlicetion on four methods
of pine release treetment, The four rethods used were &s follows:
cutting end girdline, ennste, 2,4-D end 2,4,5-T7, ThLe ammate ves
spnlied in crystelline form to cut stumps, frills or cuns; while the
2,4=D and 2,4,5-T were grplied cs besal sprays. Two typicezl red rvine
nlentations in Lower lichiisen which were in need of relezse fron ozk,
aspen znd red mewle vere selected for the study, Sixteen helf-zcre
plots, one for each season-treatment combination, were esteblished in
each rlantetion. From fifteen to rineteen each of oax, red mzrle and
aspen vere selected on ezcn :lot for testing purposes. These herd-
woods were trezted in 1250 accordirng to the snecificctions of the
designated treatments, ilecsurement of the numver and heights of re-
sulting sprouts for eeacih trected tree wus made in 1257, The san
informetiun was recorded ver killed tree in 1557, for tiose snecies-
trectment combinctions where &ll trected trees were not desd,

The avercge number «nd evereze height of s»hrouts were cormuted
ver treszted tree by smecies and by svecies combined, and ner killed
tree by species elone, This zrovided twenty corbinations for vhich
sezson effect on number and heisht of snrouts was comered by enely-

sis of variznce., Tell treztment or suwier trestment or both resulted



in significently fewer sprouts than did winter trectment or spring
treatment or both in twelve of these combinetions, Fell trestment

or summer treztment or both elso resulted in sisnificantly smezller
sprout heights than did winter tresatment or spring treztaent or both

in twelve of the combinations, &lthouw.ir not in &1l ceses the sane
twelve as for syrout number, There wes no siznificence tetveen sessons
for sprout number or for sprout height in tne ei-nt comdinetions re-
neining for eech,

For the range of conditions characterizing the stud;y, fell or
sunaer seems to be the best time of the year to aunly zny of the four
release methods for control of &t lezst one, znd in some ceses two,
of the three harcvood smecies studied, EKowever more intensive studies

need to be made on z number of verisvle factors which msy have influ-

enced the results of the study,
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PART I -~ INTRODUCTION




ETSTORICAL ZACKGICUND

During the past forty yezrs neearly one hzlf million ecres of
plantations, consisting mainly of red, white, znd jack pine, have been
successfully estsblished in the northern helf of the lower ceninsula
of Michigan, llany of these plantations were rlanted on sreas thst sup-
ported understocked, scrub hardwoods, In recent yeers these hardwoods
heve besun to crowd and suppress many of the planted pines, Other rine
were nlanted on vheat sppeared to be oven land at the time of planting,
but now many hardwood snecies such as oak, aspen, &nd red msple have
sprouted up and overtopped many of the pine, During the Civilian Con-
servaetion Corps period, when mannower was plentiful snd comparzstively
inexnwensive, the hardwoods were cut on many thousands of acres of
plantations in order to release the pine, In the mgjority of ceases
tnis relesse worx was beneficial, Now, however, sprouts from the cut
hardwood stumps have agsin overtopped many of the pine on these arecs

end edditional releese work is needed,

1

STATZIUENT OF TU'S PROBLEL

Thé rroblen of how to release plantations from competing hard-
wools, both effectively end inexpensively, has become an exceedingly
importeant fector in olantation manasement, At the rresent tirze man-
power is expensive, The average woods worker receives from $10 to
$12 a day., Hecent relezse worx, where the smaller trees have been
cut and the larger ones girdled, has been averegging ebout one man day

per acre, This does not inclnde technicel supervision end trsneportation,



Therefore, not only is initisl plantstion release wori expensive, but
follow-up releases are very expensive, The conventionel axe method
of girdling tne lerger hardwoods and cutting the smaller ones can be
successfully used if the trectment is gorlied when the rines cre suf-
ficiently tall to keep gheed of the resultent hardwood sprouts, This
is especislly true when the treztment is &pplied during the growing
sesson,

In recent years many herbicides and chemicals have been developed
to kill herbeceous and woody plants, A few of these have been found to
kill the tors of woody plents with subseauent sprouting, Some of the
veriables that seem to influence the eifect of these silvicides are
tree species, seeson of yeer sprlied, time of day erplied, method and
concentration of &ppliceation, terperature, relative humidity, age of
the tree, and size of the tree, The initial costs of these chemicasals
ere comparatively high, 3Because of their cost, and the general lacx of
information on treir effectiveness, they have not been used extensive-
ly for pine plantetion release in Lower Michigan,

There is a necessity, therefore, or more information concerning
the possibvle methods of releasing plantations from hardwools, with

direct comparisons of cost and elfectiveness ol release,

SCCPE LD OBJZCTIVES OF THZ STUTY

a o L D Dy blils W~

The primary objective of the study in question is to investigate
the effectiveness of four methods of pine release treatment in removing
overtorring oax, aspen, and red mzple competition from pine plantations

during the four sessons of the yeer, The study was initiated by the



Lower Peninsula Forest Research Center of the Lzke Ststes lorest
Experiment Station and field work wes carried out by stzution rersonnel
in cooperation with administrative crersonnel of the Lower Lickigan
National Forest, Analysis of field deta end determinstion of results
were accomplished by the writer, The main criteria used to establich
effectiveness of trestment by sezcson were: number and height of
resultant sprouts per trested tree two years after treuztzent, snd num-
ber and height of resultant sprouts per trezted tree five years after
treztment, in those cases where all trezted trees were not killed,

The four methods of trexztuent used were as follows: 1, Conven-
tional axe trestment--cuttirg smell trees and girdling large trees,

2., Ammate aprlied on cut stumps of szmall trees and in rotches or

cups et the beses of larger trees, 3, H-078 (2,4-D) in a 2% solu-
tion of diesel oil applied as a basal stem svrgy without mechenical
injury, end 4, H-0124 (2,4,5-T) in & 2% solution of diesel oil eprlied
as a stem spray without mechanical injury,

The three chemicals used are those which have been found to be
most effective in killing woody rlents, The treatments were grnlied
during the 1, dormant season, 2, early growing sezson when the buds
were bresking, 3., after full leaf development, and 4, late growing
season before the first frost,

The experimental design of the study wes set up in order to pro-
vide for statistical evalustion and deronstretion of the meany varicebles
involved, Specitically it was desired to obtain information on:

1, the relstive sprouting sbilities of oak, aspen, end red maple vhen

cut &and girdled in February, lay, July, and ecrly September, end



the relative costs of this trectment, and 2, the effects of amnate
crystals and ester formulations H-0738 (2,%4=D) and H-012L (2,k4,5-T)
on the sprouting of these three species by sesson of the year, and

the relstive costs of these arplications,

FEVIZW CF FEEVICUS WCEK

Much experimental effort hes been expended over thne past yeers
in testing the uses and effects of various chemical silvicides and

axe girdling on unwented bardwoods, All aspects of the problem have r

been emphasized, some more than others, and certain definite con-
clusions hzve been cbtuined. One of the wesker aress, however, in
wnich consideragble more work remains to be done, is the effect of
season upon the efiectiveness of the various chemicel and mechenicel
methods of hardwood eliminstion,

Stoeckler (1947) in Wisconsin hes found that summer cutting and
girdling of aspen and oax, immedistely after full leaf development,
is most effective in order to reduce subsequent sryrouting, He =zlso ’
fourd that fell is the next most effective season in reducing the
number of resultant sprouts from tnese species snd thet stump height
hed no effect on srrouting, TFurther tests by Stoecxler indicszte thet
the vigor and height of aspen and oak sprouts ere much lower zfter
summer and fsll cutting and girdling as compared to efter winter and
spring treatment, HLe has found thet a sirgle cutting end girdling of
aspen in the period from late June to early August will usually suffice
to relesse a coniferous plentation, It the trectment is made during

the winter, however, the aspen will resprout with meximum vigor end



in large numbers; at least two and sometimes three releuses ere then
needed, greatly increasing the cost,

Lining, in unpublished experimental worx on plantstion release
in Missouri, has also found that summer is the most effective season
to cut and girdle aspen and oex in order to reduce sprouting, Iie,
too, found that stump height had no effect on srrouting, Liming &lso
determined that girdled oax trees larger than ten inchs D,B,H, seldom
sprout end tke sprouts that are found &re not vigorous in growth,

Greth (1257), in recent tests in southern Illinois with verious
species of oax, has found that season of girdling did not affect thre
number of sprouts rroduced by girdled trees, All sprouting trees
sveragzed four sprouts each regardless of time of girdling, He did
find, however, that season affected the length of srrouts produced,
Sprouts from trees girdled during the summer and fzll averzged one
foot smaller tnan those from trees treated during the winter,

Grano (1955), during tie past eight years in arkensas, has conduct-
ed experiments on the seasonzl effects of girdling oak, He found thst
girdling eprlied from April 15 through June on red and rost oax result-
ed in the largest percentage of dead trees witnout srrouts, Mgy gird-
ling resulted in the maximum syrout-free proportion of dead trees—=
en aversce of 63 percent red oex and 58 percent vost ozk one year after
girdling, Although this period of time is chronologicslly spring, it
is physiologicsally the first half of the growing season in southern
Arksnsas since it coincides with the emergence and the sttainment of
full leaf for both post and red oex, It would correscond with early

and middle summer in ereas farther nortn, Greno found thet sezson of



girdling had ro effect on the number or size of sprouts per dead
sprouting tree,

Experimental work with ammate in Arxanszs on oax, red mzrle, and
sassafras has shown that the dorment seeson does rot zopear to be the
best time to &psly ammate crystals for effective reduction of sprout-
ing. Severzl thousand smell trees of these three syecies were cut and
the stumps treated with ammete crystals in February., Eighteen months
later 70 percent of the oak had sprouted while all the red merle and
sassafras had sprouted, Treatment during the late growing season,
specificelly August, gave the best results, Of sassafras trezted
during this period only 10 percent showed evidence of sprouting one
year later,

Fxperinments conducted at the Harvard Forest (1954) have indicated
tr.at 2,4-D and 2,4,5-T are both much more effective then cutting or
girdling in reducing the number of sprouts and sprout heights of treat-
ed northeastern hardwoods in white pine plantations, EHackett (1952),
in further tests &zt the Hervard Forest, has found thzt 2, 4D and
2,4,5-T treatments made on ozk and red maple during the summer are
more effective in reducing subsecuent snrouting then are such trect-
ments mede during the winter,

¥orley, Bramble and Byrnes (1954) znd Worley, Bramble snd Chisman
(1952) in Fennsylvania hzve found that the growing season (June throuch
August) is the most effective time to apply 2,4,5-T to asyen in order
to reduce root suckering, Treatment during the wirter (dormant season)
was effective in killing the aspen, but resulted in vigorous surouting

so that several follow-up treztments were needed in order to gain



adequste control of root suckers, These same men &lso found that
dormant spraying of 2,4,5-T on scrub osk wes least effective in pre-
venting subsequent sprovting, but that summer trezstment wss most ef-
fective in this respect,

Arend (1953) hes reported thet using 2,4,5-T during the summer
on young asven in lower Michigsn shows promise of cortrol with little
or no subsecuent sprouting for at least three years, as corpared to
vigorous sprouting for winter trezatnent, The tests in this case were
made on four to five inch trees,

Morrow (1953) has fourd that aspen of 6 to 12 inches D,B,H, that .
have been treated with 2,4,5-T during the dormant sesson exhibit little
or no sprouting, Results of tests in Pennsylvenia have peralleled
Arend's and Morrow's findings--that young and middle-sged aspen treated
with 2,4,5-T are best controlled by growing sesson treztments znd thet
mature aspen may be effectively controlled by 2,4,5-T applied during
any season,

Shipmen (1955), in South Carolina, has reported that 2,4,5-T was
very successful in killing sweetgum when epplied during the spring and
early summer (growing season), In contrast, rather poor results were
obtained from applicstions made at other times of the year,

Greno (1957), in experimenting with 2,4,5-T in Arkansas, has
concluded that spring treatments sre most effective in controlling
subsecuent sprouting of southern red oax, These spring treatments
were conducted in Mgy which falls within the growing sesson in Arkansas
and corresponds to summer in more northern eress,

In upper lichigan, Day (1chg, 1950, 1951, 1952) has tested various



chemicels on hardwoods, namely aspen and red magle, Lowever, he hes
done no work with the efrect of season on sucn treactments and no such
wor< has been reported in the Uprer Feninsula of lichizen, Until the
study with which this thesis is concerned, no formzl experimental worx
with chemical silvicides had been rejorted in lover lichigan, Certsin
tests have been made by tne Dow Chemicsl Company but they were not
concerned with methods, seusonal effect on, and cost of plantetion

release,

] -n”
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Two typical red pine plantations in need of release from oak,
espen and red maple were selected for study on the llznistee National
Forest, which is now tne Lower Michigen Netional ¥orest, They sare
located on the Cadillac Ranger District near Wellston in Wexford
County, The experimental areas were readily sccessible, thus reduc-
ing travel time for subsequent insrections, Tne study was initisated
in 1950; &t this time the red pine were between four and six feet
tall, overtopned by oak, aspen end red mezple,

The first plantsation is specifically located one-fourth mile west
of the junction of Highwgys M-55 and li=37 on tue south side of M-55,
The legel description is LiWiW Section 17, T21¥, K1°%, When the study
was initiated the stand was composed of ten-year old red vine over-
topped by asven, oek end red marle, The pine that were not supnressed
and which were growing in naturel openings were six to eight feet high,
whereas those that were suppressed by tihe overstory were three to five
feet high, The hardwoods ranged from twenty to thirty years old with a
few larze ogk from sixty to seventy years old, lost of the osk and
maple were of sprout origin,

The second plantation is specifically located 17 miles south of
Hodenryle Dam along a Forest Service road neer HEarrietta, The legal
description is SWSW Section 31, T23N, R12W, The area was planted to
red pine in 1935 and replanted in 1837, When the study was initizsted
the pire were fairly uniform in height, varying from four to six feet,
The overstory consisted of oak, &aspen, red maple, and some cherry and

11
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Juneverry, These hardwoods were from thirty to forty years old with
some scattered large osk from fifty to sixty years old, Nearly all

the osk and marle were of sprout origzin,

bt Ty T haRhlal AN
SXPRRILYTAL DESICY

- )| [ %3

The four methods of release and four seasons of the year provided
a factorial combinstion of 16 treatments on the three hardwood species
selected for study--oak,l aspen and red maple, To provide for ststis-
ticel testing of the veriables involved, a randomized block design wes
set up with one replication, The two blocks, one in each plantation,
were divided into four equal compartments and the four sessons assigned
et random, ZEach compartment was then subdivided into four equal plots
to which the four treatments were rendomly essigned, The two blocks
were laid out in close proximity to a road for both accessibility and
demonstration, Each block meessured twelve square acres; each plot
was % acre in size, The number of trees to be tzgzed for case study
had to be kept within the limits of available time and personnel,
Therefore, from 15 to 19 trees of each of the three designated species

were selected for remeasurement in each of the 16 renlicsted vnlots,

The totasl number of selected trees was 1500,

T-ar T NAATYTY N6
TELD PRCCIDURIS

The 16 plots laid out in each test block were made 2s uniform

as possible in rezard to site and stocking, Their shape was decided

Includes both red oex and white oax,
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on the basis of topogrsphy and other ground factors encountered,

411 hardwoods on eacn plot were treated in 1950 accordinz to the
specificetions of the designated treatment for th=at plot.2 The first
15 to 19 each of oak, aspen and red maple were identified with slumi-
nun tegs, A white stake was driven into the ground nezr eech tagsed
tree, and elso at the corner of each block, to facilitate future loce-
tion, TFive to ten tagsed trees of each species would probsbly have
been sufficient if all the trees were of the same age, Since, however,
the hardwoods trezted renged from one to about twelve inches in dis-
meter, 15 to 1C trees were tzgged in order to learn as much as possible
gbout the effects of eze and size of the trested trees in relation to
sprouting,

Winter operations in Block I were carried out on February 7 end §,
1950, The tempersture during this time ranged from thirty to forty
degrees Fahrenheit, with southwest winds of three to five miles per
hour, Skies were cloudy to clear with no snowfall, The ground was
nearly bare of snow, Winter treatments on Block Il were instslled on
February 21, 13950, The temperature ransed from ten to twenty degzrees
Faghrenheit; winds from the west blew at eight to ten miles per hour;
and snowfall was light to heavy, The ground was covered with snow
from eight to twelve inches deep, The sub-freezing terperstures znd
snowfall greatly hindered the work on this block,

Spring operstions on Block I were carried out on May 15 and 15,

2
See Section E, Part II, "Detailed Description of Treatments,"
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1350, The temperature at this time was from fifty to sixty-five de-
grees Fshrenheit with westerly winds of three to twelve miles per hour,
Skies were clear and the ground wes dry with very little green vegeta-
tion, Spring treatments on Blocx II were eccomplished on ifzy 18 ana
19, 1950, The temperzture ranged from fifty to seventy degrees Fah-
renheit with winds from three to ten miles per hour, Skies were clecr
to slightly cloudy and the ground was dry with little green vegetztion,
The efficiency of the crew acplying the spray treatments was below
average, with the result taat the stem sprgys were not acvlied as
uniformly as could be done with & more alert crew,

Summer operations on Blocx I wefe carried out on July 11 enrd 13,
1950, The temperszture on these days was from sixty to eighty degrees
Fshrenheit with westerly winds of three to ten miles per hour, Skies
were cloudy to clear and the ground was covered with green herbage in
full folisge, Summer trestments on Block II were instzlled on July 12
and 11, 1950, The temperzture rznged from sixty to seventy-five de-
grees Fahrenheit, Winds were from the southwest at four to fifteen
miles per hour, Sxkies were cloudy to clesr and the ground was covered
with green herbage in full foliage, There was an ebundance of small
espen suckers end cherry seedlings, less than one inch D.B,H, on ‘
Block II, These recuired full treatment to preclude their being in-
cluded in the subsequent tslly of sprout growth, Thus totsl man hours
end cost were higher than ususl on Block II, The lzborers ermloyed
for the summer treztments were exceptionally efficient and industrious
as compzred to the men used for the winter and spring treatments,

F&all operations on Block I were carried out on September 20 and Z1,
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1850, The temperature at this time raznged from sixty to sixty-five
degrees Fanrenheit with westerly winds of five to eight miles per
hour, Skies were cloudy to clear and the ground was covered with
green herbaze vhich hzd started to harden efter the growing season
before trhe first frost, The:fall treatments on 3lock II were install-
ed on September 15 and 20, 1633, The teuperature ranged from seventy
to seventy-five degrees Fahrerheit with south and southwesterly winds
up to three miles per hour, Sxies were cloudy to cleﬁr end the ground
was covered witn green herbage wiiicnh had begun to harden off tollow-
ing the summert's growtih,

Follow-up insvections were mzde at subsequent intervsls of one
end two years to determine the number and growth of the resulting
sprouts per treated tree, A follow-up inspection was also made five

years later to determine the dcgree of kill per trecsted tree,

ZATA CCLL.CT:D

The total number of hardwood trees on esch plot was tezllied by
species and one-inch diameter clesses at the time of treztnent,
Weather conditions at time of tresztment were also recordecd, to in-
clude degree of cloudiness, air temmeresture znd wind velocity,

The following initisl data at time of trecztment were collected
by tree number for those trees selected for recurrent observation and
megsurement: 1, species, 2, D,E.H, to the neurest inch, 3, EHeight,
4, Crown spread (diemeter in feet), and 5, Tree class eccording to

the Lake States Claseification System, A record was made of tre number

3
¥
¢
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of suckers within the vicinity of the treated aspen trees for a dis-
tance of 37 feet in order to compare suckering before end after
treatment,

The re;urrent messurements made in 1952 (two years zfter the
initial trestments) were recorded separately for eesch taggzed tree,
They consisted of the number of sprouts, height in inches of each
sprout, and vigor of the sprouts, In 1955 (five years after the
initisl treatments) dezree of kill was recorded separstely for each
treated tree, The man-hours of labor and costs of the chemicsls were

also recorded for esch vlot,

Treatment number one consisted of the ordinary axe method, Trees
less than four inches D,3.H, which were difficult to girdle were cut
at stump height, Trees ranging from four to eight inches D,3,H, were
peel-zirdled (the bark stripped off without cutting through the cam-
bium lsyer), Trees larger than eight inches D,B.H, were notched- or
frill-girdled, The height of the girdling was ontional, but aversged
ebout three feet sbove the ground,

Treatment number two embodied the axe method plus &n applicetion
of ammate crystals to cups, frills, or cut stumps, The crystzlline
of ammate wes used in this study beceuse nrevious investizsations have
found it to be more effective than the various liquid preparations,
Trees less than four inches D.,B,H., were cut and the sapwood portion
of the stump covered with crystsls, TVWherever possible this operation

was simplified by cutting the small trees in such a wey as to lezve
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a V-shaped stump snd then epplying one level tablespoon of ammate per
inch of diameter in the V, On trees four to six inches D,3,H, two
frills or cups were cut near the bese and ammate crystels were placed
in them at the rate of one tzblespoon per inch of diameter, An extrs
cuz was cut for every two inch increase in diameter on trees larger
tnan six inches,

Treatment number three consisted of & besal sprsy without mechan-~
icel injury to the tree, 4 2% solution of Dow Chemicsl H—9781 was
sprayed on the entire base of each tree to a height of four feet,
Grezt care was exercised to keep the spray off the rines which were
to be released,

Trestment number four also enteiled a basal spray without mechan-
ical injury to the tree, A 2% solution of Dow Chemical H-9l2h2 was
sprayed on the entire base of each tree to a height of four feet,

Tihe spray was successfully kept off the pines,

PERSONYAL AWD AGALICIZSS TARTICIPATING AVD COCFERATING
I T4 STULY

The study wes conducted by the Lower Peninsula Forest Research
Center of the Lexe States Forest Experiment Station in cooperation
with the Lower Michigzn National Forest, end &s pert of the rezular

plantation release wor< of the forest, The experimentsl ereas, anrmzte,

Lin ester of 2,4=D at the rate of four rounds acid ecuivalent
per gellon of diesel oil,

24n ester of 2,4,5-T et the rate of four pounds ecid equivslent
per gallon of diesel oil,
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and labor were furnisned by the Nationsl Forest, The Dow Chemicel
Company suprlied the 2,4-D end the 2,4,5-T. The work plan and tech-

niczl supervision were furnished by the Research Center,
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BiSIC INTFORUATICH ORTATHED

Most of the trees that were treated during tne growing season
and which subseguently sprouted did so during the same growing season,
However, sprouting occurred early in the followinz growing season on
sone of the trees treazted lste in the growing season and on all those
treated during the dormant season, Genersally, a tree that had not
sprouted by the end of the second year following treatment did not
sprout at &ll,

Most of the oakx and red msple sprouts originsted near the bases
or on the stumps of the treated trees; a small percentasge appeared as

root suckers, Aspen sprouts, however, occurred in equal numbers from

both sources,

STATISTICAL METIICDS USED TN ATALYSTS

A atei e es N

The "F" test was used for eacn species-treztment combination and
if significeance resulted studentized ranges were then gpplied to test
for significant differences between seasons in both sprout number and
sprout height, The studentized ranges encorpeass a 5% level and a 1%
level new multiple ranze test, using special protection levels based
on degrees of freedom, They were developed by Dr, William D, Reten

of Michigzan State University,

ATATLVSTS OF THZ AXE TREAT.EX

The average number of sprouts and the sverage sprout heignt per
trezated tree, two years after treatment, diameter classes combined,

20
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were computed by species and seasons (Tatle 1), The szme information
was computed for the thres species combined (Table 2), Since all
treated trees died, there is no sepsrate analysis for killed trees

only,

Effect of Sezson on Number of Svrouts Produced by Srecies, The

seasonzl differences in the averasge numbers of oak and red maple sprouts
which developed per tree were not siemificant, However the average
numbers of aspen suckers produced per tree after the summer, fzll and
spring treatments were significantly fewer at the 1% level es compared

to the winter treatment,

Effect of Season on Heizht of Svrouts Produced bty Svecies, The

two year average heights of oek sprouts whicn resulted from the winter
and spring treatments were siznificantly larger (1% level) than those
which developed from the summer and fzll treatments, The averege fall
height for oax sprouts was also significantly larger, at 5%, than the
summer height, The two yeer average heights of red macle sprouts which
resulted from the winter treatment were significantly larger at the 1%
level than those wnich developed from the summer and fzll treatments,
while the averzge height of meple sprouts resuvlting from spring treast-
ment wes significantly larger (17) than the summer height only, The
average height of aspen suckers develored from the summer treatment
was significently smaller at 1% then the winter treatment averas
height, The spring and fall heights fell between these two extremes
end were not significantly different from each other or from summer

and winter,

The height growth of the maple sprouts averaged twice that of the



oak sorouts, The former ranged from 3,2 feet as the result of summer
treatment to 6,8 feet from winter treatment and tre latter from 1,9
feet (summer) to 3,0 feet (winter), The height growth of the aspen
suckers fell gbout halfwsy between that of the ozx and merle, being
larger than the former and smzller than the latter,

Effect of Seecon on Number and kFeisht of Srrouts Produced by the

Three Svecies Corbined. The averzze numbers end heights of sprouts

developed after the exe treatment in difrerent seszsons followed the

same pattern for sll three srecies combined as for each species separ-
ately, Suwmmner and feall produced fewer sprouts and smeller sprout heights
as opposed to winter and sPrlng.l The summer and fall sprout numbers
were significently fewer than winter at the 1% level, and summer sprouts
were also significantly fewer than spring st the 5% level., In addi-
tion, the number of spring scrouts was siznificantly fewer &t 5% than

the number for winter, The aversge height of summer sprouts for the
three species corbined was significantly smeller &t 1% than the winter
height only,

Influence of Diameter Aance on Srrouting, For the range of

dianeters included under the axe treztment (1-12 inches) there were no
marked differences in the percentages of treated trees wnich sprouted,
due to either size of the tree or to whether it was cut or zirdled,
Trees of large diameters svrouted as readily &s those of sngll diam-
eters, This was true for &ll three species and for treztment in esch

2
of the four seasons,

1
See Table 2,

2Sea Tables 35, 41, U7, and 52 in Aprendix,
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TABLE 1

AVERAGE NULBZER AND HZIGHT OF SPROUTS PER TREE RECEIVING
THZ AXE TREATLENT, BY SPECIES AND SEASON,
ALL DIAMETER CLASSES COLBINED,
TWO YEARS AFTER TREATENT

P——————— e — —————— ————————— ]

Winter Spring Sunmer Fall Seasons
Combined

Specles
Ht, Ht, Et, Ht, |S.E.* | S.E,
Yo, (Ft,)|¥o, (Ft,)| No, (Ft,)| No, (Ft,)| (o,) | (Ht,)
Oak 21 3.0 |23 3.0 ]2 1,9 |13 2,1 2,93 .06
Red Maple| 10 6.8 9 54 9 3.2 | 10 3.9 | 1.10] .52
Aspen b 3,619 3.0 W 24| 5 32]1Wf .29

*S,E, = Standard Error = Standard deviation of & season average,
S,E, will be defined the same wherever it &ppears in the text hereafter,

TABLE 2
AVERIGE NUMBER AiD HEIGHT OF SPROUTS PER TREE RZCEIVING
HE AXE TREAT.ENT, BY SEASON, DIAIKTER CLASSES AXD
SPECIES COMBINZD, TWO YZARS AFTEZR TREATVEN

]

S
Winter Spring Summer Fall C:§§§2:d
Ht, Ht. Ht, Ht, S.E. | S.E,
No, (Ft.) No., (Ft.) No. (Ft.) No. (Ft.) (No,) | (Bt.)

18 3.8 14 3.5 9 2.3 11 2.7 1.M| .22




Likewlse there was no msrked difference due to range in diameters
in the sverege number otf sprouts produced per treated tree, Thnis is
appliceble to ell srecies and seasons except oak during ezch season,
However there wes a mar<ed difference due to dizmeter range in the
sverzge helght of the sprouts wnich were produced, Heignt, on the
averagze, decregsed with parent tree diameter increcse, This held true
for treastments during esch of the four seasons and for those scecies
which had enough of a diameter range to show a difference, excent for
osk trested during the fall, Liming3 obtained similar results in lMiss-
ouri with oak, He tound that syrouts rroduced by axe-treated trees
in the lsarger diameter classes were smaller and less vigorous than
those produced by trees in the smeller diareter classes,

Cost, The aversge number of man-hours expended per acre for the
exe trestment, and thus cost, varied on a wide basis between seasons,
It was lowest in tnhe summer and highest in the spring, Tyrical
winter conditions encountered during the operstions in thet season

ﬁndoubtedly contributed to the slower productivity experienced at that

time,

AT ATVOTS AT ThIT Ao T TR LT LM
ALLYSTS CF Tn A AT TREATL DT

The average number of sprouts end the everace sprout height per

treated tree, two years after trestment, diameter classes combined,

lSee Tebles 15, 21, 27, and 31 in Apcendix,
2114,

3Unpu’olished experimental work durirg the past ten years on
Plentstion release in liissouri.

See Teble 57 in Arrendix,



were corputed by species end seasons (Table 3), The same informstion
was computed for the three syecies combined (Tsble 4), Since sll
treated trees died, there is no separzte analysis for killed trees
only,

Effect of Seuscon on Mumber of Srrouts Produced b Syecies., The

seasonal differences in the aversge numbers of oax sprouts which devel-
oped ver tree were not significant, FKowever the aversge number of

red maple sprouts produced per tree after the summer treatment weas
significently fewer st 5% than the average number produced sfter winter
treatment, Spring and fall averzge sprout numbers for red maple fell
between these two extrenes and were not significantly different from
each other or from winter and summer, The aversge number of aspen
suckers produced per tree after both winter and summer treatments was
significently fewer at the 5% level &s compared to spring and signifi-
cantly fewer at the 1% level as coumpared to fzll, There was no signif-
icant difference between winter and summer or between spring and fall,

Effect of Secson on Height of S»nrouts Produced by Srecies, The

sezsonal differences in the average heights of oszk srrouts which devel-
oved per tree were not si¢gnificant, For red meple, however, the winter
avercge sprout height was significantly larger et the 15 level than
the spring, summer and fell heights, snd tre s»pring and summer heights
were significantly larger then the fall height st 17 and 5% resvectively.
The seasonal differences in the averaze heights of aspen sucxers which
developed were not significent,

As wzs the case with the exe treetment, the merle srrouts averaced

twice the height growth of the oak s»routs, The former ranged from
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1,1 feet as the result of fzll treatment to 4,0 feet from winter treat-
ment znd the latter from 0,9 feet (summer) to 2,0 feet (sprirg), The
eversge aspen sprout heights were gbout 2& end 15 times the heights

of the osk &nd mgple sprouts respectively,

Effect of Sezson on luaber end Fei. "t of Sprouts Produced by the

Trree Srecies Cormhined, For all three species combined, the averace

numnber of sprouts for each season was significantly ditferent from the
sverage number for easch of the other seasons, Fall trestment resulted
in the lergest averzge number of sprouts per tree, followed by spring,
winter znd summer in that order, These differences were at the 1%
level except between summer and winter, spring end winter, end fall

and spring, which were zt the 5% level, For the three species combined
there was no significance in the sessonal differences of averzge sgrout
height per tree,

Influence of Dismeter RBance on Sproutirng, TFor the range of

diameters included under the ammste trectment (1-12 inches) there vere
soverzl definite trends, deperding upon species, in the percentzge of
trected trees which sprouted.l Ozk had the smallest percentages of
trees wnich sprouted and espen the largest, This was true, on an aver-
sge, for all diameter classes and seasons, Cak of tne lerger diaueter
clesses (10 inches D,B,H, end up) did not sprout st all, regerdless

of season of treztment, Red maple was almost entirely revresented by

trees in the two esnd four inch diameter classes., ZXor three of the four

seasons, a much grester percentege of the four inch trees s:routed than

1 PN
See Tables 36, 42, 48 and 53 in Apvendix,



TA3LE 3

AVERAGE NUIZZR 27D EZIGET OF SFROUTS PFR TRAE ®E
THE ADATS TREATUINT, BY SPXCIE S AND SZASCY
ALL DIAMETZER CLASSZS CCMEBINZED,
T70 YEARS AFTER TRZATVLIT

CZIVING

27

—————ﬂ—_—.——f_‘—_——ﬂ'-——ﬁ—————T—-—‘——

Winter Spring Summer Fall Seasons
Species Comvined
} S, E, |s. =,
No. (Ft.) |No. (Ft.) |[No. (Ft.) |No., (Ft.) @o.,) {(Ht.)
Ok P2 1.0 2 2.0 3 0.9 3 1.2 1.19| .01
Red Naple| & 4,0 7 2.7} 3 2.2 | 4 1,1 1,55 .23
Aspen 7 3. f12 3,6 | T 2.5 |15 2.8 1.50] .30
TARLE b
AVERACE NUMBZR &'D FEIGHT OF SFRCUTS FER TREE RECRIVIYNG
TEE ASATE TEXATVENT, BY SZASCN, TIAMITIR CLASSES
A°D SPECI=S CCuLBINZD, TWO YiARS AFTER TREATELT
. ‘ - Seusons
Winter Spring Sumner ¥all Combined
Ht. Ht, Et, Ht, S.E. S.E.
Yo, (Ft,) No, (Ft,) No., (Ft.) No, (Ft,) (No,) (Ht.)
5 4.4 ) 3.5 I 2.0 7 2.2 .28 15




did the two inch trees, On en average, aspen of larger diameter classes
sprouted more than did those of smsller diameter classes,

There was no mersed trend, due to range in diameters, in the
average number ol sprouts produced per trested tree, This applied to
all species and seasons,1 Some conbinations produced more sprouts at
larger dismeters, some produced more at lower diameters, and some
produced feirly equal numbers througnout tre entire diameter range,

There was a noticesble difference due to diameter range, although
not so definite as with the exe trectment, in the aversze height of
the sprouts which were produced by red maple &nd aspen, but not with
oak.2 Sprout height, on the average, decreased for aspen end marle
as parent tree diareter increzsed, This was true for nost of the
season combinations of these two species,

Cost. The number of man-hours expended and the amount of chemicel
used for the ammate treatment, and thus cost, varied on a rather narrow
besis between seasons.3 The number of men-hours was lowest in the
summer snd equelly highest in the sprirg ard fgll while amount of

chemical was lowest in the f&ll and highest in the winter,

£5ALYSIS OF THE 24D TRLT T

The aversge number of sprouts end the eaversge sprout height per

treated tree, two yeesrs after treatment, diemeter classes combined,

1 .
See Tzbles lc, 22, 28 and 32 in Appendix,
ESee Tebles 16, 22, 28, and 32 in Appendix,

See Tegble 57 in Appendix,
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were computed by species and seusons (Tzble 5), The same informztion
was computed for the three species combined (Tsble ©)., Since the
2,l~D treastment cid not kill ell trested oex znd red meple, a sepcrate
anglysis was done for the individuels of thece two svecies which were
dead five years after treastment, Information was corputed in the seme
manner &s for trested trees (Table 7),

FTffect of Seasson on Number of Syrouts Produced per Trezted Tree,

Significantly fewer sprouts were rroduced per treszted oak after fzll
treatment as compzred to summer and spring trestments, at the 57 and
1% levels respectively, The aversge number of oax sprouts resulting
from winter trestment was glso significantly smeller at tne 1% level
than the averege number resulting from spring treatment, Fall, ecring
and summer treatments for red mzple each produced significantly fewer
sprouts per treated tree (1% level) thnsn did winter trestment, There
was no significance in seasonal differences for the eversge numbers of
sprouts produced per treazted aspen,

tffect of Sezcon on kKeiziit of Sorouts Produced per Treated Tree,

There was no significance between the seasonal differences in sprout
heignt for treated osk, As regards average svrout heights for trested
naple, the fsll and summer heichts were each significently smeller &t
17 znd the spring heigzht siznificently smaller at 5% than the winter
nheight, The summer height for maple weas &also significently srmaller
then the spring height, &t the 1% level, The aversge heights of fall
and summer sprouts for aspen were significantly smaller at the 15 level
than the heights of winter and spring sprouts, Also, winter height was

significantly smaller et 1% than spring height,
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Effect of Sexnscn on Number snd hHeizsnt of Sprouts Frecduced by thre

Three Srecies Combined, For the three species combined (treated trees)

there were no significant differences between the averase numbers of
sprouts produced after the four sezsonsl treatments, Fowever, the sum-
mer and fzll average sprout heights were siznificantly smzller at 1%
than the winter and spring heights,

Influence of Dismeter Ringe on Svrouting of Treszted Trees, TFor

the renge of diameters included under the 2,4-D treastment there were
no definite differences in the percenteges of trested trees which
sprouted, Trees of larger diameters sprouted as resdily s those of
smaller diameters,l This was true for &ll three srecies znd for trezt-
ment in each of the four sessons,

Likewise, there wes no merked trend, due to diameter range, in
the averese numbers of sprouts nroduced per treated tree or in the

2

everege sprout heights, This arplies to ell species and seasons,

Effect of Sezson on Numbter of Sprouts Frcduced per ¥Killed Tree,

For killed osk the seasonal differences in averesge number of snropts
pef tree was not significant, For xilled red meple, however, summer
and fall trestments produced significantly fewer sprouts (1% level)
and spring significantly fewer sprouts (5% level) than did winter
treztment,

Fffect of Season on Heisht cf S-routs Produced per Killed Tree,

For both killed osk &nd killed red marle the seasonal differences in

eversgce sprout height per tree were not significant,

lSee Tebles 37, 43, U3 and 54 in Appendix,
®See Tebles 17, 23, 29 and 33 in Apvendix,



TADLE 5

AVERLGE IMNBER AD HEEIGHT CF SFROUTS FZx TRER RECEIVING

Th% 2, UeD TzzpTliT

i<y

»Y SreCl:s AD

o

ALL DIAETER CLaSSES COMBILEZD,

T70 YZARS AFTER TREATLZT

SrasQl,

——

. - Seasons
Seotos Winter Spring Summer Fell Combined
P Ht., Ht, Ht, Ht, |sS. E. |s. E.
No. (Ft.) | No. (Ft.) | VNo., (Ft,) [No., (Ft.) | (To.) |(Ht.)
Oak 2 1.2 8 2.5 6 1.8 1 2.0 1,45 | .55
Red Maple 6 307 2 2.8 1 107 1 2-3 -51" 020
Aspen b 30| 4 ko)1 224 1,0 .70 | .25
TAELE 6
AVERAGE NUIGER AND HEIGHT OF SFRCUTS PER THEZ RECEIVING
THE 2, Y-D TREATVELT, BY SEASON, DIA®THZR CLASSES
AND SPZCIES COMBINED, TWO YEARS AFTER TREATLENT
Winter Soring Summer Fall Seesons
Combined
Kt, Ht, Et, Et, S. E. | s. =.
Fo. (Ft.) %o, (Ft,) No. (Ft.) Yo, (Ft,) (Yo,) | (Ht.)
b 3.0 5 3.0 3 1.8 2 2. 2,01 | .14
TABLE 7
AVERAGE NUMPZER AXD HEIGET OF SPROUTS FIVE YEARS AFTER TREATUENT,
BY SZASON, ALL DIARTER CLASSES COMBIKED,
PFR OAX AVD RED MsPLE KILLKD BY
a3 2, 4-D TREAT.ZNT
Winter Spring Summer Fall Sessons
Species Comtined
} Ht, Ht, Et, Ht, | S. E. |s. E.
Yo, (Ft,)|No. (¥t,)]|No, (¥t.) |No, (Ft,)| (Fo.) |(Ht.,)
0ak 2 2313 o1 k22 33 Q7| 1
Red Maplel L 56 | 2 5.0 1 45 |1 ke .03 | .00
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Influence of Digneter Rar-e on Sprouting of Killed Trees. Disanmeter

renge of parent trees had some influence on the number of osx killed by
the 2,U4<D treatment which subseguently sprouted, Generslly a smaller
percentage of oex in the larger dismeter classes sprouted than did
those in tne lower dismeter classes.1 Red meple was almost entirely
represented by trees in the two and four inch diameter classes; each
class sprouted about equally.2

There was no merxed difference due to dismeter range in the aversgce
number of red marle sprouts produced per killed tree, but aversge
height of the sprouts from winter and spring treatments increased with
diemeter increase of parent ’crees.3 The avercge number of oak sprouts
produced per killed tree decreased with diameter incresse, but there
was no definite trend in the average heights of these sprouts due to

diemeter difference in parent trees,

Cost, The number of man-hours expended varied on a nerrow basis

between seasons while the e&mount of chemical used varied on a wide
=
basis./ The number of man-nours was lowest in the fell and hiihest

in the spring, Amount of chemicel used was lowest in the winter and

highest in the summer,

See Teble 38 in Arpendix,
See Table 44 in Appendix,
See Teble 24 in Appendix,
See Table 18 in Appendix,

5See Teble 57 in Appendix,
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LIALYSIS OF TIE 2, 4,5-T TREAT T

The aversge nuamber of sprouts and the averzge sprout height per
treated tree, two years after tregtment, disrieter classes combined,
were computed by species snd sezsons (Table &), The seme informztion
was comuted for the three species combined (Table @), Since the
2,4,5-T treatment did not kill sll treated ozk and red masple, a separ-
ate anzlysis was done for the individuals of these two species which
were dead five years after treatment, Informstion wzs computed in the

sasme menner as for treated trees (Table 10),

(0

Effect of Season on Number of Sorouts Produced vrer Trezted Tree

The;e was no significance between the seasonal differences in averszge
number of sprouts produced per trezted oax, For red mzple, however,
fall treatment produced significantly fewer sprouts then did winter
treatment (5% level), The &verazge number of sprouts produced per
treated aspen after the spring treatment was significantly greater st
the 1% level than the aversge nusbers of fzll, summer and winter
sprouts, In addition, fall end summer treatments vnroduced significently
fewer snrouts per tree &t 5% than did winter,

Effect of Season on Feizht of Snrouts Prodvced per Trezted Tree,

For both oak and red mzple the aversage heights of sprouts produced after
fall, summer end winter treztments were signiicently smeller at 1% then
the averzge height of sprouts resulting from spring treatment, In addi-
tion, for meple only, the average fell heigut was significantly smaller
at 1% than the averazze summer end winter heights, The average heights
of espen sprouts nroduced after the summer and fzll treatnents were

significaently smaller &t the 5% level then the averaze winter height,
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Also, the averazge fall height was sismificantly snaller at 5% snd the
average summer heizht &t 1% than the averaze spring height,

Tffect of Season on Number ané Heicht of Sprouts Produced by the

Three Srecies Combined., For the three species combined the average

number of fell sprouts was significantly smaller at the 1% level than
the sverzge numbers for summer, winter and spring, snd the averace
numbers for summer and winter were significantly smsaller &t l% then
the averasge number for spring, As concerns averace sprout height for
the three svecies combined, summer was significently smaller at 1%
than fall, winter and spring; winter was significantly smaller at 1%
than fall snd spring; and fall wes significently smaller than snring
at 5%.

Influence of Diameter Ranse on Szrouting of Trezted Trees, Tor

the range of diemeters included under tae 2,4,5-T treatment there
were a few trends in the percenteges of treated trees which sprouted,
Fall percentages tnrougshout tne diameter ranges for eech of the three
species were generally smaller than the percentages for the other three
seasons, Osk trested during the fall and winter did not sprout at all
in the higher diameter classes, and no red maple trested during the
%all sprouted, Otherwise, trees of larger diameter classes generazlly
sprouted es readily &s those of smaller diameter clesses,

There were no narkxed differences due to diameter range in the
average nunbers of sprouts produced per treated tree or in the average

2
sprout heights, This applies to zll species end seasons,”

1See Tazbles 32, 45, 50 and 55 in Arpendix,

ZSee Tubles 12, 25, 30 end 24 in Aprendix,



Lffect of Season on ¥umber of Srrouts ®roduced ner ¥illed Tree, Tor

killed oak, fall, summer and winter treatments vroduced significantly
fewer sprouts al the 5% level than did spring treatment. For killed

red meple the seasonzl differences in average nunber ot sprouts pro-

duced per tree were not significant,

Effect of Secson on Height of Sprouts Produced per Killed Tree,

For both killed oak &nd meple the seasonsl differences in gversge
sprout helght per tree were net significent,

Influence of Diarteter Dzonze on Swrouting of ¥illed Trees, There

were no definite trends due to diameter range in the percentages of
; . 1 s .
osk and red mzple which sprouted, Lisewise there were no definite
trends due to diameter of pzrent trees in the numbers and sversge
heights of sprouts produced by these two species,
Cost, The number of man-hours expended for the 2,4,5-T treat-
ment varied on & narrow basis between seasons, being lowest in the
fall and hicghest in tne spring, while the amount of chemical used veried

on & rather wide basis, being equally lowest in the winter and fell and

hizhest in the spring,

1 -

See Tables 40 end 46 in Arrendix,
2

“See Tables 20 end 20 in Aprendix,

3See Table 57 in Arpendix,
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TABLE 8

AVERAGE NUMBER AND HEIGHT O¥ SPHLUTS PR TREE RECEIVING
THE 2, 4, 5-T THEAT.EZNT, BY SFZECISS AD SZASON,
ALL DI ETER CLASSEZS COLBINE
T40 YEARS AFTER TREANXUT

I —— —— =
r__—____————_———(_—_——_——’m
. A ‘ 2 Sessons
. Winter Spring Summer Fell Conbined
Species — . -
Ht, kt, kt, Ht, S. E. |S. E,
No, (Ft.,)| No. (¥Ft,)| Fo. (Ft,)| No. (Ft.)| (Fo,) |(Ht,)
Oak 3 1.7 4 2.4 L 1,6 1 1,5 L1 .17
ked Maple| 2 2,1 1 h,2 1 .1 0 0 1,10 o)
Aspen 6 3010113 3.7 3 21| 2 22 b5 | oLe2
TAPLE 9
AVERAGE NULBER AND HZIGHET CF SPRCUTS PER TRXE AECEIVING
THE 2, 4, 5-T TREATMENT, BY SEiSON, DIANETZR CLASSES
AID SPECIES COLBINED, TWO YXaRS AquR TEEAT.ZNT
Seasons
Spri S r Fall
Winter pring umme Combined
ht, Ht, Ht, Ht, S. E, S, E,
No. (Ft.) | No. (Ft.) | Wo. (Ft.) | No. (Ft.) (Yo,) | (Ht.)
i 2. 6 R 3 1,8 1 3.0 Sl .13

TABLE 10

AVERAGE NUMBER AND HSIGHT OF SPROUTS FIVZ YEARS AFTER TRSATMENT,
BY SEASCN, ALL DIAMITAR CLASSES COLBIYED,
PER OAK D RED YAFLE KILLZD BY
THE 2, 4, 5T TREATLENT

Winter Spring Summer Fall Seasons

Species — _ i _ Cquaiﬂﬂd
- rnt, et, nt, et, S. . 3. =,
No., (Ft.) | No. (Ft,)|¥o. (¥t,) |¥o. (Ft.) |(No.) |(Ht.)

Oak 1 2.4 2 4.5 1
1 5e9

07 1 3.0 028 037
Red Maple | 2 5.6 1

2
2 3. 0 0 02 | .58
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COMFARTSOI OF ALL TRILMINTS BY SXiSCH

Cex, The averzge numbers of sprouts and the averzge sprout heights
per treated tree are shown for ozk by season and trestment in Tsble 11,
Of the sixteen treestment-seazson combinetions, each of the twelve chem-
ical combinstions resulted in far less sprouts than each of the four
axe cowbinations, 2,4-D and 2,4,5-T sprlied during tine fall resulted
in the fewest sverzge numbers of sprouts (one sprout esch) while the
&xe treatment during the spring resulted in the highest averzge num-
ber of sprouts (23), As regards averace sprout height, eight of the
chemicsl combinations.resulted in lower averages tnan all of the four
exe combinations and all of the chemical combinations resulted in lower
averages than two of the axe continations, Ammate aoplied during the
summer resulted in the smzllest averesge sprout height (0,9 feet) while
the exe treatment during winter and spring resulted in tre largest
everage sprout heights (3.0 feet each),

Red Maple, The average numbers of sprouts and the average sprout
heights per treated tree are snown for red marle by seeson and trezt-
ment in Teble 12, Of the sixteen season-treztment combinations, ezch
of the twelve chemiczl combinations resulted in less sprouts than each
of the four exe combingtions, 2,4,5-T arplied during the fall resulted
in the fewest averaze number of sprouts (none) while the axe treztment
during fall and winter resulted in the highest averege number of snrouts
(ten each), As regsrds averagze svrout height, nine of the chemical
combinations resulted in lower sversges than g€ll of the four exe combi-
nations and all of the chemicsl combinations resulted in lower eversges

than two of the exe combinations, 2,4,5-T apnlied during the fsll
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resulted in the smallest average sprout height (none) while the exe
treatment during the winter resulted in the largest averzge sprout
height (6,8 feet),

Aspen, The average numbers cof sprouts and the average surout
heights per trezted tree are shown for aspen by season and treatment
in Table 13, As regards average number of sprouts, the chemiczl combi-
natiors do not stand spart from the axe combinations, as was the case
with oax and red maple, 2,4-D applied during the suzmer resulted in
the fcwest averasze number of sprouts (one) wnile the axe treztment in
winter resulted in tiae highest averasge number of sprouts (24), The
chemical combinstions also do not stand apart from the axe combinations
in average sprout heisnt, 2,4-D aplied during the fzll resulted in
the smallest averace sprout height (1,9 feet) while 2,4-D arplied dur-
ing the spring resulted in the largest sverage sprout height (4,0 feet),

Oak, Eed Marle, and Ascen Combined, The averzge numbers of sprouts

and the average sprout helghts are shown for the three srecies combined
by season &and treatment in Table 1, Cf the sixteen ‘reztment-season
combinations, each of tae twelve chenmical combinations resulted in far
less sprouts than each of the four zxe combinations, 2,U,5-T gpplied
during the fell resulted in the fewest zveraze number of sprouts (one)
while the &sxe treztment during the winter resulted in the hishest aver-
azge number of svrouts (18), 4As regsrds average sprout heizht, five of
the chemical combinations resulted in lower &verages than all of the
four azxe combinations and &ll of the chemical combinetions excent two
resulted in lower everasces than two of the axe combinsztions, 2,4,5-T and

2,U4-D applied during the summer resulted in the smallest sverage sprout



AVERAGE NUMBER AND EHEIGET OF SPROUTS PER TREE,
AND TREATMERT, ALL DIAMETER CLASSES COMBINED,

TABLE 11

BY SEASON

33

FOR OAK TWO YEARS AFTER TREATMEIT

Season Treatment No,. Season Treatment Bt.
Fall 2, D 1 " Summer Annate 0.9
Fall 2, 4, 5T 1 Winter Ammate 1,0
Winter Ammate 2 Fall Ammate 1,2
Winter 2,4-D 2 Winter 2, 4-D 1,2
Spring Anmate 2 " Fall 2, 4, 5-T 1.5
Winter 2, 4, 5-7 3 “ Summer 2, 4, BT 1.6
Fall Ammate 3 ¥inter 2, 4, 5-T 1,7
Summer Ammate 3 Sunmer 2, 4D 1,8
Spring o, 4, 5-T L Summer Axe 1,9
Summer 2, 4, 5T Y Fell 2, WD 2,0
Summer 2, 4-D 6 Spring Ammate 2,0
Spring 2, 4D 8 Fall Axe 2.1
Fall Axe 19 J[ Spring 2, 4, 5-T ot
" Winter Axe 21 Spring 2, 4D 2.5
Summer Axe 22 Winter Axe 3.0
Spring Axe 23 Spring Axe 3,0




TABLE 12

AVERAGE NTRER AND HEIGiIT OF SFROUTS FrR TRZZ, BY SEASCN
ARD TEmAT'ENT, ALL DIAMETHR CLASSES CCLBINLD,

FOR RuD MAPLE TWO YEARS AFT=ZR TREATUENT
= — e —_—
Season Trestment No, Season Treatment Ht,
Fall 2, 4, 5-T 0 Fell 2, 4, 5-T 0
Summer 2, 4D 1 Fall Ammate 1,1
Summer 2, 4, 5-T 1 Sunmer 2, > 1.7
Spring 2, 4, 5=T 1 Winter 2, 4, 5-T 2.1
Fall 2, 4-D 1 Summer 2, 4, 5-T 2.1
Winter 2, 1#, 5-T 2 Surmer Ammate 2.2
Spring 2, =D 2 Fall 2, WD 2.3
Svmmer Ammate 3 Spring Ammate 2.7
Fall Amnmate i Spring 2, LD 2.8
Finter 2, 4=D ) Swurer Axe )
Spring Ammate 7 Winter 2, 4D 3.7
Winter Amnate Fall Axe 3.9
Spring Axe 9 Winter Ammate )
Summer Axe 9 Spring 2, 4, 5-7 4,2
Winter Axe 10 Soring Axe LR
Fall Axe 10 Winter Axe 6.8

et e £ W
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TA3LE 13

AVERAGE NUMBER AND HEIGHT OF SPRCUTS FPER TREE, EY SxASCY

A.D TRAATNENT, ALL DIANZTZR CLASSZS COLMBIEED,

FOR ASPEN TWO YSaRS AFTER TRIEATMENT

Season Treatment Yo, Sezson Treatment Ht,
Summer 2, D 1 Fall 2, 4-D 1.9
Fell 2, 4, 5-T 2 Summer 2, 4, s-T 2.1
Summer 2, 4, 5-T 3 || Fa2 2, 4, 5-T 2.2
Fall 2, 4D Yy Summer 2, LD 2.2
Winter 2, 4D N Summer Axe 2.4
Spring 2, 4D 4 Summer Ammgte 2.5
Summer Axe y | Fall Ammate 2.8
Fall Axe 5 Winter 2, 4> 3.0
Winter 2, 4, 5-T 6 Winter 2, 4, 5-T 3.0
Winter Ammate T i Spring Axe 3.0
Summer Ammate Winter Ammate 2.1
Spring Axe g || Fel1 Axe 3.2
Spring Anmate 12 Spring Ammzte 3.6
Spring 2, 4, 5-T 13 Winter Axe 3.6
Fall Amnate 15 Spring 2, 4, 5-T 3.7
Winter Axe 2l Spring 2, 4D 4.0

Ly
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sprouts per tree than did spring treatrent in one case and winter

treztment in the other case,

S~rout Heignt, The analysis for treated trees by species was

concerned with three species and four treztments, for a total of twelve
combinations, For three of these combinations, namely oszk and ammezte,
osk and 2,4-D, end aspen and amnste, there were no significant sessonal
differences between average heights of sprouts produced per tree, Of
the nine remaining combinations, however, either summer treatment or
fsll treatment or both resulted in a significently smaller everage
sprout height per tree than did spring treatment or winter treatment

or both,

The analysis for treated trees witn the three species combined
was concerned witn four treatments, for a total of four combinations,
Tor the ammate treatment there were no significant seasonzl differ-
ences between eversge helghts of sprouts produced per tree, Of the
three remaining combinations, however, either summer trectment or fall
treatment or both resulted in & significantly smaller average srrout
height per tree than did spring treatment or winter treatment or toth,

The snalysis for killed trees was concerned with two speclies and
two treatments, for a totsl of four combinstions, Not any of these
combinstions had significant seasonal differences btetween aversge

heights of sprouts produced per tree,

Influence of Dianeter Range, Vith the exception of the ammete

treatment, treated trees of larger diameter classes generelly sprouted
as readily as those of smaller diameter classes, 4s regards the amnate

trestment, large osk did not sprout at all; more four-inch red maple






sprouted then did two-inch red masle; and more aspen of lzrge diemeter
clesses spronted then did esnen of small diameter classes,

Dizmeter range of parent trees generzlly hzd no effect on the
average number of sorouts produced per tree, but in some instzsnces had
en effect on the averaze heizht of sprouts produced rper tree, The
height of sprouts resulting from the axe and zmmete tresztments gen-
erelly decreased with diameter increase of parent trees,

Conclusions, Under the range of conditions cheracterizing the
study, season of apclicztion of the four herdwood release methods
studied has a definite effect, for certein srecies-treatment combina-
tions, on the number and height of sprouts which subsecuently cdevelop,
Certzin factors which msy have influenced the results of thé study
must be tsken into considerstion, however,

Fall or summer would seem to be the best time of the year to
aonly any of the four release methods for control of at lesst one, and
in some cases two, of the three hardwood species studied, which fall
into the two- to twelve-inch D,B,H., class, The species for which fzll
and summer trestments seem to be the most effective are not the sare
for ezch relezse metnod, but vary between methods, In & situsation
where ozk, aspen and red masle from two to twelve inches D,E.K, occur
in equel numbers, end control by individual srecies is not cesired,
each trectment excerpt 2,1-D would seem to be the most eflective if
spplied during fezll or summer, 2,4-D in such a czse seems to be eaquel-
1y effective if eprlied duvring eny sezson,

Some of the sprouts resulting from summer trestment which wer

produced durirg thet same growing seeson may have been killed by adverse



fall &and winter w2ather conditiors soon &aiter they apreared, However
sprouts resultins from fall trestment did not g:ceer until the follow-
ing growing seeson and they were generzlly &s few in number ss the
summner produced sprouts,

Sprout height was meuasured two years after treatment, Durirg
these periods sprouts produced after treztument during one sesson may
heve hzad more favorable or more adverse growing sewsons than sprouts
procduced sfter treztment durirng enother season, ZIErowsing by wildlife
may have occurred on some sprouts end not on others, These and other
factors may hasve influenced sprout height, Overhesd cshade was not an
inflvencing factor, however, since the hardwoods selected for study
were all in the oren end not over-icrred by other hardwoods,

Refore it could definitely be concluded that summer and fell
hardwood releuse is the most el'fective for certain treztient-species
combinetions in lower Liichi..zn, more intensive studies would have to
be mede of the influence of tre several veariable factors involved,

The importence of such work ceznnot be overemphasized; if a definite
time of year cen be zbsolutely esteblished a&s being most effective for
a certuin combinstion of tresztments, scecies, and conditions, much time

end money czn be saved by lessening the amount of re-release work,
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TABLE 15

AVERAGE NU.BER AND HEIGIT OF SPRCUTS FER TREE,

BY SZASON

£5ND DIAIETER CLASS, FOR COAX KRECEIVING TiE AXE

Lg

TREATHENT, THO YZARS AFTER TREATHENT
b e . — e —— —
DBH Winter Spring Summer Fall
Class
No. Ht,(Ft,) | No, EHt.,(Ft,) ] No, Ht.,(Ft,) |No. Ht.(Ft,)
2 17 3,0 11 2.9 21 2.2 o4 2,2
Y 25 3.1 22 R 23 1,8 18 2.3
6 28 3.5 32 2.7 11 1,9 11 1,8
g 14 0.9 31 4,7 20 2.1 16 2.8
10 Q 4.1 13 1.3 20 0.9 20 2.8
12 1 1.5 S 1,2 10 1.6 29 3.3
TASLE 16

AVERAGE NULBER

ATD EZIGET CF SPROUTS PER TREE, BY SZASCH

AD DIAETZR CLASS, FOR OAK RECEIVING THE AMATE

TXEATZERT, TWO YEARS AFTE

TREATWENT

E—— ————————— o ———

DBH Winter Spring Summer Fall

Class
N¥o. Ht.(Ft,)| Yo, Ht.(Ft,)| No, Ht.(Ft,)|No, Ht,(Ft,)

2 4 1,8 2 2.5 3 1.0 7 1.5

Y 2 0.2 6 2.4 L 0,8 1 0.3

6 1 0.5 o) 0 1 0.2 5 1,0

8 2 1.4 5 1.k 2 1.6 0 0

10 0 0 0 0 0 0 ] 0

12 0 0 - - L 0.7 2 2.6

~F



AND DIAYE

TABLE 17

AVERAGE NUMBZR AND HZIGHT CF SPROUTS FZR TREE,
#R CLASS, FOR CaAK RECEIVING THE 2, W=D
TREATMENT, TWO YEARS AFTSR TREATHED

BY

STASCN

\D

Win;r -~ ;; ing ?;m:—er} Fall
DBH
Class | vo. Ht.(Ft.) | No. Ht.(Ft.) | No. Et.(Ft.) |No. Ht.(Ft.)
2 6 1.3 12 2.2 g 1.6 2 0.9
4 1 0.% ) 2.3 5 1.4 1 1,2
6 1 0,1 15 2.7 3 2.6 1 2.0
8 0 0 0 0 9 2.3 0 0
10 0 0 1 0.9 20 1.9 5 2.6
12 0 0 - - 0 0 0 0
TABLE 18

AVZRAGE NUMBXR AND HEIGHT OF SPROUTS FIVE YZARS AFTZR

o,
P

TREATMENT, BY SZTASON AWD DIAM

o

KILLED BY THE 2, U4-D TREAT.ENT

™IR CLASS, PER 04K

—— —— —————— — — e
DBH Winter Spring Summer Fall
Cless | to. Ht.(Ft.) | No. Ht.(Pt.)| Fo. Ht.(Ft.) |No. Ht.(Ft.)
2 4 1.5 6 3.3 5 1.2 9 2.1
4 2 2e3 5 343 1 0.9 8 3.1
6 - - 5 2.2 2 2.1 3 2,2
g 0 0 0 0 0 0 - -
10 - - - - 0 0 3 2.0
12 - - - - - - - -

AFRIL TR T T ——f]
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TABLE 19

AVERAGE NUMBER AND HEIGHT OF SPROUTS PER TREE, BY SEASON
AND DIAMETER CLASS, FOR OAK RECEIVING THE 2, U4, 5-T
TREATVENT, TWO YEARS AFTER TREATMENT

DBH Winter Spring Summer Fall

c1
888 lvo, Et.(Ft,) |No, EHt.(Ft,) |No. EHt,(Ft,) |No, Ht.(Ft.)

2 U 1,6 L 1.5 6 3%, 1 0.8
4 5 2.7 4 2.6 4 1.6 1 2.6
6 0 0 b 2.9 L 1,6 1 0.6
8 0 0 3 25 1 0.7 | 1.0
10 0 0 1 0.5 5 2,2 0 0
12 0 0 3 2.0 0 0 0 0
TABLE 20

AVERAGE NUMBER AND HEIGHT OF SPROUTS FIVE YEARS AFTER
TREATMENT, BY SEASON AND DIAMETER CLASS, PER 04K
KILLED BY THE 2, 4, 5-T TREATMENT

DBE Winter Spring Summer Fall
Class | vo. Ht.(Ft.) | No. EHt.(Ft.)|N¥o. Ht.(Ft.)|No. Ht,(Ft,)
2 5 2,0 | 0.6 0 0 1 0.6
4 3 0,7 3 Sl 1 05 2 2.7
6 - -  § 1:0 | 0.3 2 Dl
8 - - 0 0 0 0 L 4.4
10 - - 0 0 - = - -
12 - - - - B - - -
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AVERAGE NUMBZR AND HEIGHT OF SPRCUTS PER TREE, BY SEASON

AND DIAMETER CLASS, FOR RZD MAPLE RECEIVING THE AXE
TREATVENT, TWO YEARS AFTER TREATMZENT

DBH Winter Spring Summer Fall
Class No, Ht.(Ft,) | No, Ht.,(Ft,) | No, Ht,(Ft.,) |No, Et,.(Ft.)
2 8 5.5 8 5e3 8 2.7 9 5.1
4 15 8,2 13 8.9 12 3.3 13 362

6 - - - - - - - -
8 - - - - - - - -
10 - - - - - - - -
12 - - - - - - - -

TABLE 22

DBH Winter Spring

AVERAGE NUMB=R ATD HEIGHT OF SPRCUTS PXR TRXE, BY SZASON

AD DIAIZTER CLASS, FOR RED MAPLE RECEIVING TEE AMATE
TREATMENT, TWO YEARS AFTZR TREATLENT

Summer Fall
Class
No, Ht.(Ft,)| No, Ht.(Ft.)| No, Ht,(Ft.) | No. Ht.(Ft,)
L |1k 4.0 8 2.7 3 1.7 5 1.4
6 - - 0 0 0 0 - -
8 - - - - 0 0 - -
10 - - - - - - - -

12

"
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TABLE 23

AVEZRAGE NUMBZER AND HZIGHT CF SFRCUTS PR TREE, BY SKASON

AND DIAUETER CLASS, FCR RED MAPLE RECEIVING THE

2, 4=D TREATUZNT, THO YEARS AFTER TRTATLZNT

R —
DBH Winter Spring Summer Fall
Class No, EHt.(Ft,) |No, Ht.(Ft,) | No, Ht,(¥Ft,) |No., Ht.(Ft,)
2 b 3.5 3 2,6 1 1.7 2 2.3

N 10 4.6 1 4,0 0 0 0 0

6 - - 6 1,3 - - - -

g - - - - - - - -

10 - - - - - - - -
12 - - - - - - - -

TABLE 2U

AVERAGE NUMBZR AND HEIGHT CF SFROUTS FIVE YZARS AFTER
TREATMZNT, BY SHASCN AND DIAMETZR CLASS, PER
RSD MAPLE KILLED BY TLE 2, 4<D TRZ

AT ENT

DBH Winter Spring Summer Fall
Class | vo. Htu(Ft.) |No. Ht.(Ft.) | No. E.(Ft.) |No. Ht.(Ft.)
2 4 5.1 2 3.1 1 1.7 1 1.8
Y 12 7.0 2 4.1 1 1,2 0 0
6 - - L 7.9 - - - -

8 - - - - - - - -
10 - - - - - - - -

12
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TASLE 25

AVERAGE NWBEK AND HXIGHT OF SPAOUTS PXER TRux, BY SEASON
AND DIAMETER CLASS, FOR RED MAPLEZ RECEIVILG THE
2, 4, 5-T TREATMEKT, TWO YEARS AFTHR TREATMZHT

_— — = —
DEH Winter Spring Summer Fall
Class | vo. Het.(Ft.) | No. Ht.(Ft.) | No. Et.(Ft.) |No. Ht.(Ft.)
2 2 2. 1 5el 1 2.1 0 0
4 2 0.9 2 2.5 0 0 0 0
6 - - 1 2.0 - - 0 0
8 - - - - - - - -
10 - - - - - - - -
12 - - - - - - - -
TA3LE 26

AVZRAGE NULBZR AND HEIGHT OF SPRCUTS FIVE YSARS AFTHER
TREATMENT, BY SEASON AND DIAETFR CLASS, FER
RED MAPLE KILLED BY THE 2, U4, 5-T TREAT.INT

H

DBH Winter Spring Summer Fall

Class
No, Ht.(Ft.)| No. Ht.(Ft.) |} No., Ht.,(Ft.,) |No, Ht,(Ft,)

2 1 2.6 1 2.7 1 0,9 0 0
L 1 1,7 1 0.9 0 0 0 0
6 - - 1 L3 - - 0 0
g - - - - - - - -
10 - - - - - - - -

12 - - bt - - - - -

B st 5 |
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TABLE 27

AVZRAGE KUKEZR AND HEIGET CF SFROUTS PER TRXE, BY SZASON
AND DIAKETER CLASS, FOR ASPrN RECEIVIRNG TEE AXE
TREATMENT, TWO YEARS AFTER TREATMENT

DRE Winter Spring Summer Fall
Class | 0. me.(Ft.) | No. Ht.(Ft.)| No. Et.(Ft.) |No. Ht.(Ft.)
2 20 4.3 3 2.8 1 2.0 3 342
v |u3 4,6 2 3.5 2 4.0 1 3.9
6 - - - - 3 3.5 10 6.0
g8 20 ) - - 1 2.0 - -
10 - - - - - - - -
12 - - - - - - - -

TASLE 28

AVERAGE NUMBER 4ND HEIGHT CF SPROUTS PER TREE, BY SEASCN
AND DIAVETER CLASS, FOR ASFEN RECEIVING THE AMATE
TREATMENT, TWO YEARS AFTER TREATMENT

W

DBH Winter Spring Summer Fall
Class | yo. Ht.(Ft.)| No. Et.(Ft.)| No. Et.(Ft.)|No. Ht.(Ft.)
2 3 345 12 2.6 3 5¢5 5 3.3
4 5 2.8 12 &.5 5 2,6 1 PR
6 6 3,0 11 6.1 10 2,0 1 4.7
8 6 2,0 - - - - 3 2,0
10 - - - - - - - -
12 - - . - - - - -
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TABLE 29

AVERAGHE NUMBZR ATD HEIGHT OF SPROUTS PER TREE, BY SEASCN
AND DIAMETER CLASS, FOR ASPEN RECEIVING THE 2, 4-D
TREATHENT, TWO YEARS AFTXR TRZATHZNT

- Winter Spring Summer Fall
Class |y, ut, (Ft,) | No, Ht.(Ft.) | No, Ht.(Ft,) |¥o. Ht.(Ft.)
2 1 2.0 6 4.3 0 0 0 0
Y 1 4.5 6 5.0 0 0 0 0
6 2 6.0 0 0 - - 0 0
g - - - - - - 0 0
10 - - - - - - - -
12 - - - - - - - -

TABLE 30

AVERAGE NUMBHR AXD HEIGET OF SPROUTS PR TREE, BY SZASON
AUD DIAMETER CLASS, FOR ASPEN RECEIVING THE 2, 4, 5-T
TREATLET, TWO YEARS AFTER TREATMEN

— ———

DBH Winter Spring Sumner Fgll
Class | no. Ht.(Ft.) |No. HE.(Ft.) | No. HE.(Ft.) [No. HE.(Ft.)
2 1 2.1 7 4.a 0 0 0 0
L 1 3.0 19 3.7 0 0 0 0
6 - - 10 LY 0 0 - -

g - - - - 0 0 - -
10 - - - - - - - -
12 - - - - - - - -
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TABLE 31

AVERAGE NUMBER AXD HEIGHT OF SPRCUTS PER TREE, EY SEASCN
AND DI AMETER CLASS, FCR ALL SPACIES COMBINED
RECEIVING T:ZE AXE TREATMENT,

TAO YEARS AFTER TREATUENT

DBH Winter Spring Summer Fell
Class

No, Ht.(Ft,){| No. Et.(Ft,)| No., Ht,(Ft.)| No, Ht,(Ft.)

2 11 4,a 7 4.4 9 o4 11 4,32
4 29 4.6 18 L.y 17 2.5 11 3.1
6 28 3.5 32 2.7 9 2.4 11 2.3

8 16 1,7 31 4.7 17 2.1 16 2.9
10 9 4,1 13 1.3 20 0.9 20 2.8

-

12 1 1.5 9 1,2 10 1.6 29 3.3
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TARLE 32

AVERAGE NUMBZR AND HEIGHT OF SPROUTS PER TREE, BY SEASCN

AD DIAMETER CLASS, FOR ALL SPECIES COMBINED
RECEIVING THE ALuATE TREATMEN

TWO YEAKRS AFTER TREATMANT

DBH Winter Spring Summer Fall
Clase No, Ht.(Ft,)| No, Ht,(Ft,) | No, Ht.(Ft.) |No, Ht.(Ft,)
2 4 3.5 7 2.7 3 2,6 5 1.3
4 3.3 9 2,0 4 1.6 2 1,2
6 2 1.6 11 6.1 2 1,3 3 1,6
8 3 1.6 5 1.4 2 1.6 3 2.0
10 0 0 0 0 0 0 0 0
12 0 0 0 0 L 0.7 2 2.6







TABLE 33

58

AVERAGE NUMBER AND HEIGHT OF SPRCUTS PER TREE, BY SEASON

AND DIAMETER CLASS, FOR ALL SPEZCIZS COMBINEZED

RECEIVING THE 2, 4=D TREATHENT,
TWO YEARS AFTER TREATMENT

DBH Winter Spring Summer Fall
Class| x5, Ht,.(Ft.)| No. Ht.(Ft.)| No. Ht.(Ft.)| No. Ht.(Ft.)
2 5 2.7 5 2.8 2 1,2 2 1.8
L 2 2.8 Y 3.8 Y 1.9 1 0.5
6 1 2.1 13 2.1 3 2.6 1 2,0
g 0 0 0 0 9 2.3 0 0
10 0 0 1 0.9 20 1,9 5 2.6
12 0 0 - - 0 0 0 0
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TA3LE 34

AVERAGE NUMBER AKD HEIGHT OF SFROUTS PER TREEZ, BY SEASON
AID DIAETER CLASS, FOR ALL SPECI&S COLBINED
RECEIVING THE 2, 4, 5-T TREATENT,

THO YEARS AFTER TREATMENT

DBH Winter Spring Summer Fall
Class| yo. Ht,(Ft.) | No. Ht.(Ft.) |No. Ht.(Ft.) |No. Ht.(Ft,)
2 2 2,2 3 4,5 1 1.6 0 0
Y 3 2.0 6 2.8 2 0.8 1 1,0
6 0 0 5 2,1 4 1,5 1 0.5
8 0 0 3 2.5 1 0.7 1 1.0
19 0 0 1 0.5 5 2,2 0 0
12 0 0 3 2,0 0 0 0 0

L



TARLE 35

PEXRCENTAGE OF TR=EZS PRODUCIYG SPROUTS, TWO YZARS AFTEZR TREATMENT,
BY SEASCN AND DIAYETHR CLASS, FOR 0AK
RECEIVING THE AXE TREATMZNT

DBH .

Class VWinter Spring Summer Fall
2 100 100 100 100
Yy Q2 100 100 100
6 g8 100 100 100
8 33 100 8l 100

10 100 50 100 100
12 100 100 65 100
TASLE 36

PERCZNTASE OF TREES PRODUCIYNG SPROUTS, TWHO YZARS AFTIR TREATUENT,
BY SEASON AND DIafxT=R CLASS, FCR CaX RECEBIVING
TiE AMATE TREATIENT

—— > ——
C?igs Winter Spring Sumner Fall
2 17 17 21 60
n 15 60 25 9
6 13 7 17 20
8 13 17 20 0
10 0 0 0 0
12 0 - - 0




€1

TABLE 37

PZRCENTAGE OF TREES PECDUCING SPROUTS, TWO YEARS AFTER TREZAT.IT,
BY SZASON AND DIALETER CLASS, FOR 0AK RECIIVING
TEZ 2, 4D TREATMZNT

—T

C?iﬂs Winter Spring Summer Fell
2 [P} [P} 100 100

4 20 90 g2 22

6 50 82 50 33

8 17 0 75 0
10 0 Lo 50 50
12 0 - - 0

TABLE 38

PZRCENTAGE OF TREES PRODUCING SPROUTS FIVE YEARS AFTER TREATMENT,
BY SZASON AND DIAMZTER CLASS, FOR OAX KILLED BY
TiE 2, 4-D TREAT.ENT

—

C?ﬁgs Winter Spring Summer Fall
2 78 7 Lo 100
4 75 67 18 100
6 - 60 40 50
g 0 0 20 -
10 - - 0 50
12 - - - -







TABLE 39

PERCENTAGE OF TREES PRODUCING SPROUTS, TWO YEARS AFTER TREATMENT,
BY SEASON AND DIAMZITER CLASS, ¥OR 04K RECEIVING
THE 2, 4, 5-T TREATLZNT

C?iﬁs Winter Spring Summer Fall
2 ypt 67 50 20
L 53 86 67 36
6 20 50 50 29
8 0 57 33 33
10 0 50 €7 0
12 0 100 0 0
TABLE kO

PERCENTAGE OF TREZES PROCDUCING SFROUTS FIVE YZARS AFTER TREATHSNT,
BY SZIASON AND DIAMETER CLASS, ¥OR 0aK KILLZD BY
THE 2, 4, 5=T TREATMINT

T B R R =
0225' Winter Spring Summer Fall
2 67 20 0 67
Yy 29 23 22 29
6 - 17 20 -
8 - 20 0 -
10 - 0 0 -
12 - - - -
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TAi3LE 41

PERCENTAGE OF TREZS PRODUCING SPROUTS, TWO YEARS AFTER TREATMNENT,
BY SEASCN AND DIAMETER CLASS, FOR RED MAPLE

RECEIVING THE AXE TREATWENT

DBH
Class Winter Spring Summer Fall
2 100 100 10 100
4 100 100 60 100
6 - - - -
10 - - - -
12 - - - -

TABLE M2

PERCENTAGR OF TRXES FRODUCING SPROUTS, TWO YEARS AFTZR TREATMENT,
BY SEASCN AND DIAMETZR CLASS, FOR RED MAPLE
RECEIVING THZ ALATE TREATNENT

_———_—m
C]]EI;I s Winter Spring Summer Fall
2 45 65 29 60
i 60 60 60 g0
6 - 0 0 -
8 - - 0 -
10 - - - -
12 - - - -
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TARBLE U3

PERCENTAGS OF TRZES PRODUCING SPROUTS, TWO YEAIS AFTER TREATLENT,

BY SEASON AND DI ANSTER CLASS, FOR R:D MAPLE

RECZIVING THZ 2, 4-D TREATLENT
———————— — —t — —e .
DBH :

Class Winter Spring Summer Fall
2 g5 15 33 33
4 100 36 0 0
6 - 66 - -
8 - -— - -

10 - - - -
12 - - - -
TASLE L4 .

PERCENTAGE OF TREES PRODUCING SPROUTS FIVE YEARS AFTEZER TREATUENT,

BY SZASON AND DIAMETER CLASS, FOR RED MAPLE

£ILLED BY THE 2, 4D TREZATLZET

DBH
Class Winter Soring Summer Fall
2 & €3 33 39
L 100 60 33 0
6 - 100 - -
g - - - -
10 - - - -

12
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PERCEITAGE OF

TA3LE 45

R¥ES FRODUCING SPRCUTS, TWO YZARS AFTER TREATLEN

BY S® ASOu AD DI AMETER c**"s FOR RiD NMA4PLE
RECEIVING TEE 2, 4, 5-T TREATLZIT

DBH .

Class Winter Spring Summer Fall
2 65 34 20 0
b b 33 0 0
) 0 75 - 0
8 - - - -
10 - - - -
12 - - - _

ARLE 45
PZRCENTAGE OF TRXES PRODUCING SPROUTS FIVE YZARS AFTER TRZATVENT,

BY SEASON AXD DIAI'

om3
Li L

2R CLASS, FCR R¥

L’ Y\T“"\

KILLED BY 2, 4, 5-T TREAT..Z:T
mm
DBH . )
Class Winter Spring Summer Fall
2 53 4o 24 0
4 50 33 0 0
6 - 100 - 0
8 - - - -
10 - - - -

12

- emb
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TABLE 47

PERCENTAGE OF TREXS FRODUCIKNG SFROUTS, TWO YEARS AFTER TREATVENT,
BY SZASON AD DIAaW=T=R CLASS, FOR ASFIN
RECEIVING THE ASE TrREATUERT

m

DBH

Class Winter Spring Summer Fell
2 100 75 78 g0
4 100 100 100 67
6 - 0 100 0
8 100 - 100 100
10 - - - -
12 - - - -

TABLE Ug

PERCENTAGE OF TEEES PRCDUCING SFAROUTS, TWC YZARS AFTER TREATMINT,
BY SEASCN AllD DIANETHR CLASS, FOR ASFiN
RECEIVING THE ALATE TRwATLENT

Cll?iiis Winter Spring Summer Fall
2 60 40 Lo 1C0
L 100 80 100 60
6 100 75 100 63
g 120 - - 100

10 - - - -
12 - - - -
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PERCINTAGE OF TREES PRODUCING SPRCUTS, TWO YEARS ;,:e IR TREATLENT,
BY SEASCY ATD DIAETER CLASS, FCR ASPH
RECEIVING T:E 2, L4-D I‘R_JAI“ ZNT
D3H
Class Vinter Spring Summer Fall
2 33 50 0 0 f‘
Y 38 50 0 0
6 100 0 - 0 5
f
8 - - - - i
hf
10 - - - - &
12 - - - -
TABLE 50

PLRCENTAGE OF TRYES PRODUCING SPRCUTS, TWO YEZARS AFTER TREATVENT,
BY SEASCN AND DI AZTER CLAS3, FOR ASPEN
RECEIVING TEE 2, 4, 5-T TREATNT

C?iis Winter Spring Sumzer Fell
2 67 50 0 0

4 o7 100 0 13

o - 40 0 -

g - - - -
10 - - - -
12 - - - -

PR L3
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TABLE 51

PERCENTAGE OF TREXS PRODUCING SPROUTS, TWO YEARS AFTZR TQEAT"
BY SPECIES, TREATMENT, AND SEASON:
ALL DIAMETER CLASS“S CCMBINED

PN e Y
s

]

N e A AR AT A T

..

Winter Spring Summer Fall

Species | Treatment

Cak Axe g8 97 gk a7
Cak Ammate 16 19 o4 20
Oak 2,4-D 37 68 73 30
Oak 2,4,5-T 39 65 52 26
Red

Maple Axe 100 100 67 100
Red

Maple Ammate ug 63 28 63
Red

Meple | 2,4=D g7 59 26 27
Red

Maple 2,4,5-T 66 60 28 0
Aspen Axe 100 87 c3 e7
Aspen Ammzte o3 83 S0 &3
Aspen 2,4-D 70 69 50 54
Aspen 2,4,5=T 83 76 50 Lg
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TABLE 52

PERCENTAGE OF TRZES PRCDUCING SPRCUTS, TWO YEARS AFTER TREATUZENT,

BY DIAMETER CLASS AND SEASCN,
FCR ALL SPECIES COXBINED
RECEIVING THZ AXE TREATUENT

= _— %:F ——— e ———— ——
Cll)if:s Winter Spring Summer Fall
2 100 9 91 97
Y 120 86 100 88
6 92 100 93 100
g 67 92 100 100
10 100 83 50 1G0
12 100 - 100 100

L
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TAELE 53

| PERCENTAGE OF TRXEMS PRODUCING SPROUTS, TWO YEARS AFTER TREATMENT,

BY DIAMETER CLASS AND SEAS
FOR ALL SPECIES COMBINED
RECEIVING THE AMATE TREATM

ON,

ENT

70

Tmm

Class Winter Spring Summer Fall

2 46 4 50 63

4 50 u5 52 32

6 23 25 26 4o

8 15 17 10 10

10 0 - 0 0

12 0 100 0 0

=

L TP
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TABLE 54

PERCENTAGE OF TRXXS PRODUCING SFROUTS, TWO YEARS AFTER TREATNZXNT,
BY DIAETER CLASS AND SXASON,
FOR ALL SFECIES COMBINED
RECEIVING TrE 2, D TREATMERT

Cll)‘z]: . Winter Spring Summer Fall
2 11 35 7% 31

N 36 69 57 10

6 33 47 84 30

g 17 50 0 0
10 0 25 b2 50
12 0 - - 0
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TABLE 55

PERCENTAGE OF TREZZS PRODUCING SPROUTS, TWO YEARS AFTER TREATMENT,
BY DIA/ETER CLASS AND SZASON,
FCR ALL SPECIHS COMBINZ
RECEIVING TEE 2, 4, 5-T TREATWENT

Cfigs Winter Spring Summer Fell
2 P! 27 Ly 7
4 o2 36 66 17
6 13 41 51 3L
8 0 33 [P} 33
10 0 33 50 0
12 0 0 50 0

s
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TABLE 56

PERCENTAGE OF TREES PRODUCING SPFROUTS, TWO YEARS AFTER TREATLENT,
BY SEASON, ALL SPZCIKS AND DIAMNETER CLASSES

CCVBINED, FOR THE AXE, AVMATE,
AlD 2, L, 5-T TREATIENTS

2, 4o,

Treatment Winter Spring Summer Fall
Axe 96 gh €5 95
Ammate 4g 53 Lg 54
2, 4-D 63 65 53 36
2, L, 5-T 61 62 43 26

e

-
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(IN MAN HOURS AND AMOUNTS OF SILVICIDES)

TLBLE 57

COSTS PER TRZATMENT BY SEASON

Winter Spring Summer Fell
Treat- Man Chemical | Man Chemicegl| Man Chemicegl ] Man Chemicsl
ment Hours | (Lbs,) |Hours | (Lbs,) | Hours ] (Lbs,) | Hours | (Lbs,)
Axe 8.3 None 9,9 None 5¢3 None 7.6 None
Ammate 10,3 27.1 11,2 24,8 9,2 25,0 11,2 23,8
2,4-D 6.3 gk,0 64| 165.6 5¢3 | 178.1 4,3 137.5
2,4,5-T| L.,5] 125.0 5.8 | 18,1 L& | 143.8 b.2| 125.0
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APPENDIX

ANALYSIS OF VARIANCE
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NULETR OF SFECUTS =e= CAK == AXE TRZDATLIDT

Source poL ) kS F=,32 3
Total 136 287.0 no significance
Seasons 3 23.0
Error 133 21,0
S.E. = 2,03 )

There was no significance between sezsons,

E&-x" P

NIWRER CF SFROUTS == BFD FAPLE —— AXE TRELTVINT
Source ¥ S Fs a3
Total 119 38,92 no significence
Seasons 3 D3
Error 116 39,8

S.E, = 1,10

There was no significance between seasons,

MM

NOLBIR OF SPROUTS —= ASPFEN —— A¥E TRIATIIN

Source oF MS F= 44,02
Total 117 128,0 1% significance
Seasons a 2686,0

Error 11 £1,0

S.E, = 1,11

By use of studentized ranges it was determined
that summer, fall, and spring sre significantly
different st 1% from winter,
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NUMEER _OX SPRCOUTS == OAK == AMWATE TREATVENT

Source IF WS F= .62
Total 135 47,2 no significance
Sezsons 3 T.7
Error 1%2 Lg.1

S.E. = 1,19

There was no significance between seasons,

17

NUMBER OF SPROUTS —— RED MiPLE —= U%ATE TRUZMONT

Source IF KS F=22,707 =
Total 118 70.4 5% significance
Seasons 3 186.5
Error 115 673

s-Eo = 1050

By use of studentized ranges it was determined
that summer is significantly different at 5%
from winter,

NOABER OF SPROUTS == ASPIN —e ADIATE TRUAT T

______SO'LII'C@ E yxﬁ Fa 5073 =
Total 119 78.1 1% significance
Sessons 3 399.7
Error 116 6.8
S.E. = 1,56

By use of studentized ranges it was determined
thet summer and winter sre significantly differ-
ent at 5% from spring and at 1% from fall,
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NI"BFR CF SPRCUTS —= CAK -= 2, LD TREATIADT

Source Ly MS

Totsal ljb 7907
Seasons 3 378.0
Error 135 13.0

Fxb5.,202

1% significance

S.E. = 1,15

By use of studentized ranges it was determired
that fall is significantly different at 5% from
summer end at 1% from spring and thzt winter is
significantly difterent at l% from spring,

NIMRER OF SPRCUTS == EFD MAPLE == 2, 4D TRE: ™ ZXT

Source DF NS
Total 117 18,0

Seasons 3 178,0
Error 11k 14,0

F=12,70 =

1% significance

SOE. - 070

By use of studentized ranges it was determined
thet fell, winter, ernd spring are significantly

different at 1% from winter,

YIMEER CF SPRUTTS o ASPEN —w 2, LD TREMIENT

Source IF NS
Total 116 8.4

Seasons 3 11,4
Error 113 8.3

Fx1,3%=

no significance

soEo = 5)*

There wes no significance between seasons,

O
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NIMRER OF SEROUTS == C8X == 2, U4 BT TRE T T
Source DF us Fa200=
Total 136 29,2 no significence
Sezson 3 5842
Error 133 28,6
S.E. = .91

There was no significance between seasons,

NUARER CF SPECUTS =—e BD NAPLE —= 2. 4, BT TR Mo

Source DF MS F o283 =
Totsal 117 6.3 5% significance
Season i 17.0

Error 11 6.0

S.E. = U5

By use of studentized ranges it wes determined
that fall is significently different at 5%
from wirter,

XUVBER OF SPROUTS —= ASDEN —= 2. 4 5.7 TREATVT

Source oy XS F z 35,80 =
Total 121 Ls.5 14 significence
Seeson 3 g9l ,0
Error 118 250

' S.E, = 1,10

By use of studentized ranges it was determined that
fall, summer, and winter are significantly differ-
ent st 1% from spring end that fell and summer are

significantly different at 5% from winter,
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YNEER OF SFROUTS == ALL STZCIES WY E TREATLINT

e I s ASliAciiZalN b
Source DF kS F = 5.33 =
Total 374 195,6 1% significance
Seasons 3 1006,7
Error 371 1389,0
S.E. = 1. 11

By use of studentized renges it was determined
that fall and summer are significantly differ-
ent st 1% from winter; that spring is signifi-
cantly different at 5% from winter; and that
summer is significantly different at 5% from
spring,

NUMBER OF SPRCUTS —= ALL SPECIES ——= ANATE TREATHENT

Source .IE ﬁ Fa 2.91 =
Total 380 73.3 5% significence
Seasons 3 210,0
Error 377 72.0

S.E. = .28

By use of studentized rsnges it was determined
that fsell is significantly different from spring
at 5% and from winter and summer at 1%; that
spring is significantly different from winter

at 5% and from summer at 1¥; and that winter is
significantly different from summer at 5%,
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NULBER OF SPRCUTS == ALL SPECIES =— 2, 4D TREz™/IAT

Source DF ¥S
Total 373 39
Seasons 3 159
Error 370 38

F=154,10 =

1% significance

S.E, = 2,01

There was no significance between seasons,

NUMBER OF SPROUTS == ALL SFECIES == 2, U 5T TRETMENT

Source DF kS

Total 375 30.9
Seasons 3 172.0
Error 372 25,0

Fu30,0=

1% significance

S.E. = 051

By use of studentized ranges it was determined
that fall is significantly different at 1% from
summer, winter, and spring snd that summer and
winter are significantly different at 1% from

spring,
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KIMEER OF SPROUTS == KILLED 04K == 2, YD TREA™T

Source IF MS Fuljl=
Total 12 18,6 5 significance
Sessons 3 51,0
Error 69 17.2

S.E. =2 097

By use of studentized ranges it was determined
thut there was no significance between sesasons,

NUKBER OF SFRCUTS —= KILIED OAK w= 2, 4. S~T TREATVENT

Source E L_:é F - 21.3 =
Total 66 5el 1% significance
Seasons 3 277
Error 63 1,3

S.E, = .28

By use of studentized ranges it was determined

that fall, summer and winter are significantly
different at 5 from spring,

NUVBER OF SERCUTS —— KILLED RED MAPLE == 2, Y-D TRE;TUINT
Source IF XS Ful2? e
Total 81 11,3 1% significance
Sessons 3 98,0
Error 718 8.0
S.Eo - 063

By use of studentized ranges it was determined
that fsll and summer are significently different

at 1% from winter and that spring is significently
different at 5% from winter,
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NUL2ER CF SPROUTS == KILLZD RTD MAPLE = 2, 4, 5=

&3

+3
:3
8
3
2

Source LF
Total 84
Sesasons 3
Error g1

xS

g.
11,
8

[

O\W

Faullda

no significance

S.E, = .62

There was no significance between sesasons,

SFRCUT HEIGHT w—= QAK ~- AXE

TREATMENT

Source DF
Totsl 138
Sessons 3
Error 135

F'-"}o?'

1% significance

soEo = 0.6

By use of studentized ranges it was determined
that fall and summer are significantly different
at 1% from winter and spring and that fall is
significantly different at 5% from summer,

AXE TR ATVIDT

Source Lr
Total 119
Seasons 3
Error 115

F=211,1 =

1% significance

S.E. = 052

By use of studentized ranges it was determined
that winter is significantly different at 1%
from fall and summer and thet spring is signif-
icently different at 1% from summer,
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S2R0UT HEIGHT —— ASPEN -— AXE TRZATVIN

Source IF s F=51=

Total 117 2.8 14 significance
Seasons 3 12,8

Error 114 2.5

S.E, = .29

By use of studentized ranges it was determined
trhat winter is significantly different at 1%
from summer,

SPRCUT EZIGET == Oak == AJATE TREATMINT

Source X ¥S Fa Sh=
Total 138 3 no significance
Seasons 3 o2
Error 135 s

S.E- - 0009

There wzs no significance between seasons,

SEFROUT HEWICET == RED MAPLE == AMATE TREATVNT

Source DF ¥s F=U2a

Total 119 3,0 1% significance
Sesasons 3 11,6

Error 115 2.7

S.,E, = .30

By use of studentized ranges it was determined
that winter is significantly different at 1%
fron spring, summer, and fall; that spring is
significantly different at 1% from fall, and
thet summer is significently different at 5%
from fall,
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.
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SPROUT HEIGHT —= ASPXN —= AMMATE TREATENT

Source IF MS

Total 119 2
Seasons 3 1.7
Error 116 1,6

F=1,98 =

no significance

S.E. =2 023

There was no significance between seasons,

SPROUT HEIGUT we CAK == 2. LD TREgA™ T

Source IF MS
Total 140 1,2

Seasons 3 57.0
Error 137 1,0

Fa257.0=

1% significance

S.E. = 055

By use of studentized ranges it was determined
thst there was no significance between seasons,

SPROUT EZIGHT —e= RED MAPLE —=

2, 4D TREAT.C-IIT

Source IF NS

Total 119 2.6
Seasons 3 30,0
Error 116 1.9

Fal5,9 =

1% significance

SoEc - 025

By use of studentized ranges it was determined
that winter is siznificantly different at 5%
from spring and at 1% from fell end summer; end
that soring is significantly different at 1%

from sumner,



AR TR T ey



SCROIT HEIGET = ASPEN - 2. LD TRZA™IT

Source IF NS F=2.72
Total 119 1,3 5% siznificance
Seasons 3 3.l
Error 116 1,2
Sch = .20

By use of studentized ranges it was determined
that fell and summer are significantly differ-
ent at 1% from winter and spring and that winter
is significantly different at 1% from spring,

SPROUT HEIGHT —= 04K —= 2. U

H-T TREATVET

Source Ir ¥S F = 5,542
Total 137 1.1 1% significance
Seasons 3 57
Error 134 1,0
SOEI = .17

By use of studentized ranges it was determined

that fall, summer and winter are significantly
different at 1% from spring,

SPRCUT HEIGET =~ RED MAPLE == 2, 4 5-T TREATDIT

D A v o
Source y_ ﬁ Fu 9.2 -
Total 118 1.7 1% significance
Seasons 3 13,0
Error 115 1.4
S.E. - 022

By use of studentized ranges it was determined
that fall is significantly different at 1% from
spring, winter and summer and that summer and

winter are significantly different at 1% from
sering,
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SPROUT HEIGET - ASPEN —= 2. 4 KT TRgAmoNT

Source DF MS F=el5,0=
Total 119 2.1 1% significance
Seasons 3 27.0
Error 116 1.8

S.E. = 025

By use of studentized ranges it was determined
that summer is significantly different at 5%
from winter and at l% from soring and that fall
is significantly different &t 5% from winter and
spring,

SPROUT UEISET —= ALL SPECT4S —= AYE TRZTATUVNT

Source Ir MS Fa211,1 =
Total 374 5.1 1% significance
Seasons 3 52.0
Error I L,7

S.E. = .22

By use of studentized ranges it was determined
that summer is significantly different at 1%
from spring and winter and that fall is signi-
ficently different at 1% from winter,

SPROUT HEIGHT -~ ALL SPICTES —- ATIATE TREATINT

Source DF MS F=2.2=
Total 378 23 no significance
Seasons 3 50
Error 375 2.3

SoEo - 015

There was no significance between seasons,
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SEROUT FEIGHT —— ALL SPECTIES —- 2, LD MR5aTaNT

Source oF NS

Total 380 2.4
Seasons 3 T2.0
Error 377 1.9

F'—' 3805 =

1% significance

S.BE. = J14

By use of studentized ranges it was determined
that summer and fall are significantly different

at 1% from spring and winter,

SPROUT HAIGHT —— ALL SPECIES —— 2 U4 ST TR®ATENT

Source DF MS
Seasons 3 30.0
Error 372 1.7

F-17.6 =

1% significance

Sch - .13

By use of studentized ranges it was determined
that summer is significantly different at 1l
from winter, fgll and spring; that winter is
significantly different at 1% from fall end
spring; and that fall is significsantly differ-

ent at 55 from spring,

SPROUT EXIGHT ~= KILLED CAXK == 2, 4D TREATIEN

Source ¥ NS
Total 72 5545

Seasons 3 1.7
Error 69 5¢5

Fa=lb-=

no significance

SE, un ,11

There was no significance between seasons,
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T -~ KIL1ZD QAKX -~ 2

Source

Total
Seasons
Error

MS

WO\

o -

no significance

SQE. - .37

There was no significance between seesons,

"
\O

SPROUT HZIGHT —= KILLFD RED MiPLE ——= 2, YD TREATUENT

Source

Total
Seasons
Error

IF

g1

3

78

F211,5=

1% significance

S.E, = .60

By use of studentized ranges it was determined
that there was no significance between sessons,

SPRCUT EZIGHT -~ KILLID RED MAPLE -= 2, U 5.7 TREATEN
Source D__F_ !\_'_S. Fa .20 =

Total gl 7.1 no significance
Sezsons 3 S.7

Error gl 7.1

SoEo - 058

There was no significance between seasons,
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