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The tern shelterbolt as used in this thesis applies to plantings
conslsting of one or several rove of treoes and having as their primary
purpose protection of flelds ageinst the wind, The tern in its genovel
ussge cirkt alse mpesn naryow and wvelutively short plantations estabe
lished near foarn buildings, fo provide nove coafortable living ond to |
save on the cogt of fuel and fesd. Trees around the farshouss alse
have n high esthetic importance.

Planting of shelterbelts in Gilahoma as in the other Prairie Statos
began with the arrival of early sstilers in thils region. The Clarke-
Hellory 4t of 1925 served to aceslerate farm tree planting by providing
troes, labor, and hechnieal assir&‘i:»ﬁm& %o the eorly seltlers. However
the large seale organiged planting of shelbterbelis was undertakon only

in the niddle 1930% as g resuld of exirewmely destructive vindsborns.

Beonornde dopresgion sbimnlobod the Government to relieove uwnomploys
ment by initiating larpe scale vlanting in eritical aroas of the Prairie
ftates, The Prairic Siates Forestry Projeet was anthorised by the
Congress in 1934, and in the spring of 1935 the first sheltorbell wags
planted near Vongon, Oilahois,

The ares in which the project beesme effective, knowm as the
shelterbelt sona, couprdses a Lbeld of land approximately 100 miles wide
ond 1,150 miles long, stretehing from the Camadian border soutbuvard into
asrthvesteorn Texas., The axis of the shelterbelt mone roughly follows

the 99th moridian touching Devils Lake, Horth Dakoba; ¥Mitchell, South

i
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Dalota; Lexington, Hebradiaj ¥inalay, Hansas; Hangum, Otlahoma; and enfe
ing in Fisher Qounty, Texas (Figure 1).

The csheliarbelt zone is confined to the ares of tranzition between
the trus wrairie and the short graso plains {(Figure 2). The climate of
this regicn rauges from semiarid to subhumid (13). Precipitation in
the weskeorn part of the zone varles between 16 inches in the north and
22 inches in the south, snd occurs mostly during the growing sesson (34,
Z1}. Ia the Gklshoma nart of the zone, distribution of precipitation is
gquite wmrioble, Mach of the rainfall cccurs elither Iin wery goall
ameunte or In form of hoavy shorms. Dobh types of procipitation are of
little benefit to the trees, Failures of orops and tree plantings can
2ften be abiribnted to lack of modsture brourht obout by unfavorabls
digtribution of precipitation. Variotions in precipitation tead te run

in greles, with years of shove average precipitation followed by years

o dro
The average sanusl rete of evaporation from free suriace in the

sheltorbelt zone varies from 29 inehes In the nowth to 55 inches in the

sovth. ‘The average annusl temperature ranges from 700 P, in Texas to

3"?0 F. 2t the Canadian border,

wrbh of trzes in the chizlberbelt zone s confined to

)

streun courges, canyons, and z*avi;iea, and way be divided inte twe typess
the hydrophytic type and the uvpland type, Hydrophytie plant comuni-
ties, imnedintely bhordering watery as along permansnt or inbormittent
streams, reserble the lover flood plaln communities of the sastern
United Shates. Thoy are wore uniform as to speeiss and general char-
aeter throughout the sone than are those of the other type. The borders

X

of streans vhich have an abundance of vater for at lesst a fow nzonths of
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Figure 2. Principal vegetative zones of the preirie-plains region.*

*Jo M, Afkman, Hative Vegetation of the Region., Pgssibilities of
Shelterbelt Planting in the Plains Reglon, p. 157.
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Planting hag also brought about more extensive use of some native
species, Among the frequently planted speeies were: cottonwood Populus

otin woreC 3

gargentid Dode, American eln, Siberian oln, Jlme pumila L., honeylooust
Gleditela triscanthog L. black locust Hobinia pseudacacgla L., hackberry,
notleaf hackberry, boxelder, black walmut, northern catalpa Catalpa
speciosa Warder, white milberry lorus alba L., red mulberry lMorus rubra
L., silktree Alblzia julibrisgin Duraszs., ailanthus Allanthus altissima
(Mill.) Swingle, apricot Erupus ammenisea L., osage orange Maclura
pomifers (Raf,) Schneid., green ash, desert willow Chilopsis linearis
(Cav.) Sweet, eastern red cedar, ponderosa pine Bimus pondeross var.

As a result of experience gained during the last 20 years, the
original 1ist of recommended species for shelterbelts has been consider-
ably modified. Some species (American elm, hackberry, desert willow)
hawnubbmmodinwyura,ﬂhnothuuofmotm
(catalpa, Siberian elm) has been drastically curtailed,

Thornless hcneylocust Gleditsis Yriacantbos f. inermis (L.) Zabel,
continues to be planted in large mumbers, However deterioretion of this
species in recent years has created serious doubt in regard to its
qualities and value in Oklshoma shelterbelts.

Since honeylocust eonstitutes the object of this study some infor-
mation on the natural range, distribution, silvieultural reguirements
and the use of this species is offered,

Aecording to Harlow et al. (37), the natural range of honeylocust
Gleditsia triacanthos L. covers the eastern half of the United States
with the exception of the South Atlantic and Gulf Coastal Plains, It
lies almost emtirely outside the shelterbelt sone, The western boundary




of the range is located in the southeastern part of Scuth Dakota,
eastern half of Nebraska, and the eastern part of Kansas and Oklahoma,
It is quite probable that the original natarel range of honeylocust was
not as extensive as thet deseribed by Harlow but has been extended to
its present area through planting and through seeding from cultivated
trees (36), Homeylocust is nowhere abundant, It is cormonly found
along streams or on bottomlands, on fertile scil, It cecurs singly, or
scattered in small groups, Nearly pure stands are found only in small
areas, especially in southern Indiana and Illinois,

A thornless variety of honeylocust Gleditsia triscanthos f. igermis
(L.) Zabel which is preferred for propagation and planting in shelter-
belts occurs naturally in the Temnessee Valley (45), Honeylocust has
been one of the most favored shade trees in the eastern United States,
It also has been used widely in shelterbelts, where, in most cases, it
makes cne of the tallest rows, along with cottenwood, Siberian elm and
black locust,

The Problem

In general, the results of shelterbelt planting indicate the pos-
sibility of growing trees on many naturally treeless sites (59). How-
ever serious losses among the trees planted in the Plains during the
last 20 years point to the necessity for careful selection of species
and planting sites as well as to the need for more information on the
subject of tree planting in the shelterbelt zone of Oklshoma, One of
the immediate problems in the western part of the state is that of
honeylocust survival,

During the last few years higher~than-average mortality and loss of
vigor among honeylocust in shelterbelts have beem cbserved by field



foresters, Mortality smeng shelterbelt trees in gemeral, particularly
hbdtaeMMmlﬁ-@mmhuutt&mbmmhuq.
It has been accepted by miny observers as 2n inevitable result of lack
of experience in the choice of trees and sites in the early days of the
Shelterbelt Progrem, and perhaps to the overemphasis on the quantity
rather than the gquality of work done in the days of esconomic emergeney.
Such species as black walmut, pines, desert willow, and others are nct
used now as commonly as before, On the other hand honeylocust has been
eonsidered as one of tho more relisble species able to withstand wnfave
sble growing conditions, poor land, and climatic extremes of this

for planting would be a serious loss to shelterbelt planting in Oklahoma,

Observers reporting deterioration of honeyloeust in Oklahoma
shelterbelts could find no cause and have given no reason for high more
tality of this species in recent yoars,

Beenuse of the importance of honeylocust in Gklahoma shelterbelts
and of its potential qualities as a farm tree, the problem of deter-
mining the ceuse or causes of the deeline in quality of honeylocust was
wndertaken in 1953, More speeifically the problem with which this
thesis is concerned deals with a study of the comparative behavior of
honeylocust, with the possible causes of mortality and lessened vigor,
and with the means of improving survival and growth of this species
under conditions of southwestern Oklshoma,



CHAPTER II
REVIEW OF LITERATURE

Despite the existence of extensive literature devoted to shelter-
belts, very little has been written on the subject of behavior of
individual species of trees used in shelterbelt planting., Since occa-
sional poor performance of honeylocust in the last few years might have
been caused by any of a number of enviromnmental factors, this review
includes literature which deals with various aspects of shelterbelt
growth,

Rapid deterioration of entire rows of honeylocust in some shelter-
belts in Oklahoma has been attributed by a few observers to exeep-
tiomally severe droughts during the years of 1952 and 1953, The
majority of shelterbelts in Oklahoma are located in a zone of low pre-
cipitation (13) and it is conceivable that lack of sufficient moisture
has been one of the important direet or indirect causes of death and
disintegration of trees, However, abundance or lack of moisture depends
not only on the amount and distribution of ammmal preeipitation, but
also on other elements of climate as well as on soil, topography,
exposure, competition, and probably other factors. Observations of
shelterbelts by H. P. Vells® for many years indicate that the high rate
of honeylocust mortality in Oklahoma began several years before the
oceurrence of the serious drought of 1952,

Observations on detrimental effects of inadequate precipitation on

*Personal communication, May, 1954.



the establishment and growth of shelterbelts have been reported by many
workers, Mums and Stoeckeler (59) fomd direct correlation between the
quality of belts and preeipitation, and reported that growih rate of
trees in the regions of higher preeipitation was from 30 to 50 percent
better than in more arid parts of the shelterbelt some, The Scil
Conservation Service (76) recommended that shelterbelts be restricted to
those aress of the High Plains vhere antual preeipitetion is at least 21
inches, According to the Soil Conservation Service, the High Plains of
Oklahoma and Texas are gemerally unsuited for windbresks beeause of low
snmue) precipitation, widch mekes tree planting extremely hasardoms,

Planting of shelterbelts west of a zone delimited by 16 inches of
rainfall in the north and 22 inches in the southern part of the Plains
is considered unsafe (95), although with special care, good results have
been obtained in Colorado, Wyoming, and Montama (95, 75) as well as in
Avizona and New Mexieo (77).

The need of & certain minimm in the quantity of anmual preeipi-
tation for tree growth is universally recognized, yet within a zone of
precipitation sbove the minimum, differences in the amounts of annual
rainfall are not necessarily of much significance in regard to the sur-
vival and growth of trees. Thus in Cklahoma, Afanasiev (2) found no
correlation between survival of trees and the amount of preeipitation
vhen the latter varied between 24 and 44 inches, He congiders, as do
others, distribution of mrecipitation and particularly the availability
of moisture during and immediately fcllowing planting, primarily respon-
gible for the initisal success or fallure of planting, Average anmual
precipitation alone does not indicate the adequacy of availsble moisture.
This 4s partioularly true in the southern Plains where there are great



extremes in the range of anmal preeipitation. Drought in Oklahoma
occurs rather frequently, During the forty-year-period between 1895 and
1934, twenty-six drought pericds, each lasting four months or longer,
have been recorded (9).

Prolonged rainless periods invariably result in death of wany trees
and the reduction in vigor of many others (2, 34). Reduced vigor, in
turn, results in greater susceptibility to injury by insects and fungi
(5)e Bemnet et al, (13) consider droughts as occurring in cyeles, but
Kellog (50) failed to find periodieity in their occurrence, Whether
oceurring regularly or not, drought periods have been responsible for
death of a large muber of trees in Oklahowa shelterbelts,

Difficulties encountered in establishing shelterbelts in the zones
of low precipitation in the Great Plains are well recognized by those
engaged in shelterbelt work (32), Trees growing under these conditions
are smaller in size, lower in vigor, and have less resistance to adverse
conditions than trees growing on sites with more adequate amount of
precipitation (11),.

In the Great Flains, soil conditions apparently have much greater
influence on growth and survival of trees than the olimatie features of
the region, although according to Zon (95) only 5 percent of the soils
in the shelterbelt zone were found ineapable of supporting tree growth,
and 39 percent were classified as "d@ifficult®, Soils designated as
funsuitable” or "difficult" do not form large areas but are found
scattered throughout the entire zome (95, 43)e Typical of these are
excessively heavy soils and alkali spots (34).

Texture and depth of the permeable layer of soils have a strong
influence on tree vigor (84), Pronounced differences in the rate of



growth and survival attributable to differences in soil texture were
observed by Afanasiev (1, 2) in his survey of Oklahoma tree plantations,
Harper (38) studied the relationship between soil characteristics and
tree development and found that high clay content is detrimental to tree
growth, Similar observations on the effects of heavy soils were made by
other workers (1, 2, 51, 59).

Wells (84) has observed that permeability of soil is one of the
prineipal factors affecting behavior of trees in the shelterbelt sone of
Okklahoma, He states that to assure successful tree growth at least six
feet of permeable soil are needed, and therefore field windbreaks should
be eonfined to soils of classes I, II, and III (76).

Stoeckeler and Bates (69) eonsider sandy soils as providing greater
stability of moisture supply than heavier types of soils. In periods of
abundant rainfall water is stored in larger amount and at a greater
depth in sandy scils than in fine textured soils. DMovement of water
from the surface downward to deeper layers in heavy solls is slow, Vhen
the top layer of heavy soil dries out it might take a long time before
moisture becomes again available to the trees, This view is also shared
by Bodrov (14) who observed that the quality of tree growth in the lower
region of the Volga depends entirely on the mechanieal properties and
moisture econtent of the soil., According to Bodrov the soil-moisture
relationship becomes particularly important when plantations attain the
age of 20 years, and the demand for moisture has markedly inereased.
Wilde (87) on the other hand points to the importance of fine soil mate-
rial for tree growth, He states that the higher the amount of silt and
clay, the greater is the moisture holding eapacity of the soil, This
observation was made in areas bearing natural tree growth,



Plant growth is closely correlated with chemical properties of
forest soils, Vilde (87) considers chemical properties of soil to be
more important than soil moisture, However in the Great Plains fertil-
ity of soil is seldom, if ever, a limiting factor in the survival of
shelterbelt trees (2).

Alxali spots have already been mentioned as incapeble of supporting
tree growth, In this commection it might also be worth mentioning that
in Oklahoma soil reaction ordinarily is not unfavorable to deciduous
trees, Adverse effects of soil reaction on deciduous shelterbelt trees
begin to be felt when pH execeeds 8,0 (21), Significantly, homeylocust
is one of the most alkali tolerant species used in Oklahoma shelter-
belts (21, 38).

The elemont of competition plays an important part in regard to the
problem of available moisture in the shelterbelts of Oklahoma, As
pointed out earlier, the shelterbelt mone lies in a region of low anmual
precipitation (22 inches to 22 inches) and high rate of evaporation,
Loss of moisture through transpiration by the competing plants is likely
to reduce the amount of moisture which otherwise wonld be available to
shelterbelt trees, Cultivation of young plantations in western
Oklahoma, espeeially in the early stages of growth, is necessary to
establish suceessfully shelterbelt trees. ILiterature on shelterbelts
repeatedly {llustrates fallures of tree growth caused by lack of eare
and enltivation, According to Mumns and Stoeckeler (59) "adequate
cultivation is the most important single factor in determining success
or failure of tree planting in the Plains,"™ Data from 293 belts,

*How are the Great Plains Shelterbelts,
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collected by these two workers, show & definite superiority of properly
cultivated windbreaks over those which have been nesglected. Comparison
of growth and survival of green ash in cultivated and nonenltivated
plantings, made by Ceorge in the northern Great Plains (30) also indi-
cates the walue of cultivation, Survival of green ash under cultivation
was 85 percent, vhereas in noncultivated belts it was only 51 percent.
In addition, height growth of trees im cultivated plantations was almost
twice that of trees in the noncultivated belts, Despite strong emphasis
by the Forest Service and the Soil Comservation Service (61) on the need
for eultivation, many farmers failed to care for young trees, and this
resulted in complete or partial failure of the plantations,

Control of competing vegetation is not econfined to cultivation after
planting, All agencles charged with technical assistance to the farmer
recomend a thorough preparation of the planting site well in advance of
actual planting, One of the phases of this preparation consists of
ploving and in some cases of subsciling of the ground, followed by
periodic diseing. Such preparation, to be effective mist be made at
least one year in advance of planting (11, 48). The aim of this
practice is to create a more abundant reserve of soil moisture and later
to reduce its loss by elimimating competing vegetation,

Speeing of trees and shrubs, another important factor in the probe
lem of making more moisture awvallable to the trees, has been receiving
considerable attention by shelterbelt technicians, Solution of this
problem is complicated by the faet that an inerease in spacing while
favoring individual trees reduces the effectiveness of the belt and corw
tainly lengthens the periocd necessary to create a closed wind barrier,
It also lengthens the period during which cultivation of the plantation



mist be malntained,

The spacing of trees camnot be viewed in proper perspective unless
certain characteristies and growth hsbiis of various species are also
considered., Failure to consider these factors has undoubtedly con-
tributed in the past to excessive competition among trees, Up to now
spacing of trees in shelterbelts has ranged from 2 feet by 4 feet to 8
feet by 15 feet (33, 34). Close spacing of 4 feet by 9 feet was sug-
gested by Yeager for North Dakota (94). Bates (11) recommended spacing
of 6 feet by 6 feet and 6 feet by 8 feet in preference to wider spacing
becanse the former would shorten enltivation period and induce faster
helght growth and earlier crown closure, Data based on experimental
evidence and reported by George (33) show that in the northern Plains
growth and survival of green ash decreased with the increase in spacing
from 4 feet by 8 feet to 6 foet by 15 feet, Excessively close spacing
(2 feot by 4 feet and 4 feet by 4 feet) of ponderosa pine on the other
hand resulted In poorer growth and survival of trees as compared with
those of trees spaced 4 fost by S feet (33). Spaeing of 6 feet by 8
feet, and 8 feet by 8 feet has been recommended by Johnson and Cobb
(48). Strong sentiment against close spacing was voiced by Harrington
and Morgan (39) and Deters and Sehmits (20). Spacing averaging 8 feet
by 10 feet, or somevhat wider has been recommended by several workers
(76, 59)« In Oklahoma there has also been an inerease in tres spacing,
The first shelterbelt planted in 1935 by the Forest Service near Mangum,
contains rows of trees spaced 5 feet apart, while in more recent plante
ings the average distance between two adjacent rows is firom 8 to 10
feet. According to Johmson (47) even this wider spacing needs to be
inecreased in the drier parts of the shelterbelt zone, One hundred



square feet of space per tree is the minimm suggested by Johnson for
many species, In eastern Colorado windbreaks are being planted with
rows spaced from 12 to 16 feet apart (77).

Requirements of trees for space can hardly be expected to be uni-
form., Spacing should depend on the characteristics of the species in
question as well as on the aggressiveness of trees in the adjacent rovs,
Aggressive trees with widely spreading ercwms or roots, such as Siberian
eln or Osage Orange are likely to interfere strongly with growth of
other closely located trees (47, 6). Honeylocust being an intolerant
species, might be adversely affected by competition with aggressive
neighbors,

Choice and arrangement of trees in shelterbelts have been governed
mainly by two factors; adaptability of speeies to the prospective plant
ing site and rate of growth (61, 59). Considerable importance has been
attached to the arrangement of species within an individual shelterbelt,
This was based not so much upon the possible effects of the species on
each other, as upon the expected rate of growth and the ultimate height
of trees, The shortest, slow growing plants (often shrubs) made up the
edge row while the potentially tallest trees were planted at or near the
middle of the belt, thus giving the belt the form of a dam with the
highest point somewhat off center (6l1). Structure of this type was
thought to be particularly effective in 1ifting the wind current and
earrying it over the protected field,

Honeylocust being one of the faster growing species, was usually
planted next to such trees as Cottonwood, Black Locust and Siberian elm
(61)s Being outgrown by its neighbars, intolerant honeylocust often
failed to develop as vigorously as it would have if planted next to less
. aggressive species,



17

From the very outset of tree planting on the Plains, and long
before the official inauguration of the Shelterbelt Project, honeylocust
has been one of the most popular species for planting on the Plains, A
report of 1894 from Hebraska lists honeylocust as one of the species
that proved to be well adapted to planting in that State (42)., Another
old report from Kansas tells of the rapid growth of honeylocust, of the
value of its timber, and its freedom of borers (42).

Observations of 1930 at the U,5.0.A, Belle Fourche (South Dakota)
Field Station, showed that of 14 species planted in 1909 only four
species survived, These were honeylocust, Russian olive, Siberian pea
tree, and red cedar (89).

In the original outline of the Shelterbelt Project (61) honeylocust
was recormended for Texas, Oklahoma, Kansas, Nebraska, and South Dakota,
but only on experimental basis for the southern half of North Dakota,
The species was suggested for planting on all kinds of soil except sand,
In 1932 the Forest Service recommended the use of honeylocust in every
state of the shelterbelt zone (7). During the same period Vare (81)
suggested even more general use of honeylocust in South Dakota, However
in a reeent publication by the U.S.D.A., honeylocust was dropped from
the list of recommended specles for the northern Great Plains because of
the heavy losses and severe injuries caused by the susceptibility of
honeylocust to early fall freeses (34).

Honeylocust as a shelterbelt tree appears to be popular abroad, In
Hungary and Russia this species is favored for hedgerows beeause of its
resistance to drought and beecause of the presence of long sharp thorns
on its branches, Laeck of hardiness prevents its use in the northern
steppes of Russia (64). An additional incentive for planting



honeylocust in Russia lies in the possibility of harvesting fence posts
at an early age of the trees, At the Mariupol Experiment Station
(southern Russia) honeylocust was cut five years after planting, Har-
vested stems were scon replaced by vigorously growing sprouts and
suckers (79). Honeylocust was recommonded also for the Pampas in
Avgentina (88).

Honeylocust is comsidered to be adapted to a very wide range of
site canditions, "If a prospective planting site is at all suitable for
trees, honeylocust is as likely to succeed as any other species.” (3)

According to Harlow et al. (37) honeylocust prefers rich moist
bottomland or seils of limestone origin, but is able to survive when
planted elsewhere, espee¢ially in the Plains and Prairie States, Illick
(45) went so far as to say that this tree will grow almost anyvhere,
Adaptability of honeylocust to heavy soils of uplands and bottomlands
was reported by Johnson and Cobb (43). Honeylocust is not exacting in
its requirements, however on poor gravelly soils growth of honeylocust
is slow, and the tree never attains large size (36). Moderate growth of
heneylocust on uplands also has been observed by Ware (81), Vyssotsky
(80) advised against plamting homeylocust on land characterized by dry-
ness or alkalinity, Such extreme dryness seldom oecurs in the Great
Plains shelterbelt szone. Sheolterbelts as a rule are not planted on
alkaline soil, Vyssotsky (80) also found, that after a period of 10 to
30 years in the field honeylocust windbreaks begin to dry out as a
result of weed and grass invasion. Usually the trees are then cut down,
and sprouts provide the start of a new windbreak.

Honeylocust adaptability to variety of site conditions and drought
resistance is also stressed by the Soil Conservation Service which lists
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it among the tall hardy trees in the southern part of the northern Great
Plains region (75).

Observations by Bunger and Thomson (17) of the root development of
windbreak trees in the southern High Plains resulted in placing honey-
locust into the group of medium rooted trees, while the Soil Conservation
Service for the northern Great Flains region cites it as a deep rooted
species (75). Bunger and Thomson found that the depth of root pene-
tration of honeylocust was 11 feet, and the length of the longest
lateral roots 28 feet. Siberian elm in compariscn, is a deep rooted
species with a penetration of 27 feet and & lateral root extension of 43
fest, The lateral roots of an 18 year-old well cultivated honeylocust
tree coupletely occupied the soil in which they extended, Comparison of
a living tree and a drought~killed tree showed root penetration of the
living tree slightly over 11 feet and spreading of the roots over 480
square feet, The longest roots of the drought-killed tree were slightly
less than 7 feet and the whole root system was spread over an area of
only 369 square feet. A compariscn of survival in old shelterbelts
after the drought of 1930 to 1937 reveal a much higher survivel of deep-
rooted trees than of medium or shallow-rooted trees (17)., Honeylocust
is one of the least aggressive species. Bates (12) observed three
honeylocust trees with an average height of 35 feet and lateral roct
spread of 38 feet. Ratio of horizontal penetration of the root system
to the height of these trees is 108,6 to 100, as compared to ratios of
218 to 100 and 157,3 to 100 for mulberry and osage orange respectively,

Until a few years ago honeylocust was one of the most favored trees
in windbreak planting, In 1942, a survival of 79 percent in 605 rows of
honeylocust averaging 7 years in age, was reported by Mwms and



Stoeckeler (59). On the stremgth of their examination of 1,079 sheltere
belts, Mumns and Stoeckeler consider honeyloecust among the best hard-
woods for wideseale use, In 1944, Bates (11) reported good wesults with
honeylocust in Nebraska, Kansas, Oklahoma, and Texas, but poor behavior
of this speecies in South Dakota. At the same time Rockwell (62)
reported that in South Dakota experiments were carried out with hardy
specimens, In 1943 Roeckwell (63) recommended planting honeylocust and
hackberry next to the tall row composed of either Siberian elm, cotton-
wood or boxelder. To the leeward of honeylocust, Rockwell (63) proposed
planting a row of shrubs followed by a row of evergreems, Planting of
shrubs, although intended to benefit evergreens by reducing competition
would also be of benefit to honeylocust because the latter would less
likely be overtopped by more aggressive neighbors. According to the
Soil Conservation Service (75) honeylocust in the northern Great Plains
does much better on the south and west sides of Siberian elm and eotton-
wood rows, where it ean receive afterncon light., Adaptability of honey-
locust to Oklahoma conditions was reported also by Afanasiev in 1947
(3)s He noted the high survival of this species and recommended its
vider use in the state (2). Honeylocust was one of the relatively few
tree and shrub specios recommended by Wells for shelterbelt planting in
1946 (84)e In 1947 the Soil Conservation Service (76) suggested plant-
ing of honeylocust with nine other tree and shrub species in the
southern Plains, In the east central sone of the northern Great Flains,
vhich forms the northernmost area for successful honeylocust growth,
honeylocust was reported as occasionally freezing back, but it was felt,
"That it occupies an important place in soil conservation plantings and
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therefore should be used to a linited extent," Stoeckeler and Williams
~ 4n 1949 ineluded honeylocust among the most promising speeies for the
Great Plains (70). Johnson, as late as 1950, lists honeylocust as one
of the most useful species for average planting sites in Oklahoma (47).

Only very recently doubt began to be felt about the use of honey-
locust in shelterbelts,? Heavy losses of this speeies were reported by
field foresters and farmers from western Oklahoma, Johnson as recently
as October, 1954 expressed doubt in the future of honeylocust.>
Although an exeeptionally good drought resistant thornless honeylocust
hes been bred at the U.S.D.A. Southern Great Flains Field Station at
Woodward, Oklahoma, heavy current losses among these selections, which
in 1953 still rated as good windbreak trees, make their wvalue rather
questionable, The cause of mortality is unknown,

Very few articles deal directly with insect damage or dissase of
honeylocust, Most statements made on these subjects are negative in
character, Only a few minor injuries to honeylocust have been reported.
Since disease was suggested as a posasible cause of deterioration of
honeylocust in belts in western Okizhoma and also because evidence of
considerable insect damage has been cbserved by the writer in his field
study of shelterbelts, it might be of interest to review the problem of
insects and diseases in greater detail,

As already mentioned, honeylocust was believed to be very resistant

15,5.D.4. Soil Conservation Service, Farm Foreatry for the

Bt gy 2 %
R, and H, F, Engstrom, personal commnications, May,

1954,
38, W, Johnson, perscmal communication,



to injury by diseases and insects, and to have generally few natural
enemies (45)s Ware (81) reported particular freedom from the attacks
by insects and diseases in honeylocust. Afanasiev (3) after examining
a large mumber of shelterbelts in western Oklahoma also noted lack of
injury to honeylocust by insects and diseases, A statement concerning
the resistance of heneylocust to many defoliating insects which damage
other trees in the shelterbelt zone was made by Rockwell (62), Com-
parative freedom from insects and disease troubles together with a good
drought resistance of honeylocust in Oklahoma was reported by Chester,
Harper, Monosmith, and Fenton (19), Similar statements come also firom
Burope, where Schedl (62) found, that honeylocust and Sophors japonica
in windbreak plantations in the Ukraine suffer less than any other
species from insect injury,

Most papers mentioning insects and diseases of honeylocust do not
provide conclusive evidence on their detrimental effects, but merely
note their presence. According to these reporis, diseases and insects
on honeylocust are rare or of minor importancs, A rare fungus, Hectria
vauillotiana Rg. and Sacc. has been reported by Weese (83) on the
bark of honeylocust in Europe. pa (Speg.)
Seeler causes canker on smaller branches (67, 68). Although honeylocust
is genmerally resistant to the disease, some trees die from multiple
branch infection. The fungus was cobserved in the eastern half of the
United States, from Nebraska to Massachusetts and sonthward to the Gulf
States (15). Originally the fungus has been considered as saprovhytie,
however Seeler cbserved signs of parasitism on many trees, following
severe winters, In some instances fatalities resulted,

Miller and Wolf (58) found leaf spot on honeylocust, caused by
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Iinospora gleditsise Miller and Wolf, The leafspots develop on leaves
which have overwintered on trees, The disease is widely distributed in
the south, Honeylocust is also the host of the fly-speck fungus
Mierothyriella yubi (8). Disback of honeylocust has been noticed by
several workers (34, 10), Boyee inferred thaet this dieback is more
often csused by fungl than by the indeterminate growth of honeyloecust,
Species of Conlothyrium, Cytosporina, Sphaeropsis, and other genera are
associated with both dieback and canker (10).

In Burope honeylocust is often invaded by mistletoe, Viscum album
(72, 73). Trees with tender cambium are particularly suseeptible (40,
).

Witches brooms of various intensities, caused by a virus have been
found on honeyloeust (35). Infected, yet healthy looking trees, some-
times develop symptoms when cut back or defoliated., The brooms are
short lived and branches bearing them die back from the tip (15).
Friesner (29) examined roots of homeylocust taken from infected trees in
the field, The roots had swellings 10 to 18 mm, long and bore dense
persistent root hairs, Nodules resembling those of other legumes were
not found, Microtome sections showed presence of bacteria within the
cells of the eentral cylinder in the region of the swollen zone. Feher
and Bokor (22) identified these as Bacterium radicicols, which lives in
tumors produced by the primary bark, Bacterium radielcols is facul-
tative aercbe and becomes parasitie when air is wanting (Feher, 23).
Lecnard (56) denied the presence of these bacteria, He stated that
seedlings and trees showed no consistent formation of terminal cylin-
drical root swellings and contained no bacteria within the root tissues.

Some solls in southwest Oklahoma (Tillmen, Xiowa, and Comanche



Counties) are infested by cotton root-rot (84). The latter is also
knovn az Phymatotrichum root-rot, Czoniun root-rot and Texas rocte-rot,

This rooterot is csused by Phymatotrichum ommiverum (Shesr) Dugear, and

3s 1idted to the scuthwést rogion of the United States. Both conifers

shown resishance (71). Wright (90) pointed out the inportance of this
fungus in rogurd to shelterbelt plantations in Texas and Qrlahoms. Sur-
veys ecarried sut by Wright and Vells (92) in shelterbelts of O:lahoma
over s period of six years showed that of 5,942 honeylocust trees, 237
or &4 pavesent huave been kiiled by the root-rot. Of 25 cpecies studlied,
bongyiocust, in its susceptibility to root-rot is exceeded by Eleapgnus
angustifolis with 9 percent les s, American elnm 2.5 percent, osage oronge
6.8 percent, and Silerian elm 6.0 percont. Jlecording to Uricht and
tiells honeyloeust is not suitable for rlanbirgs on root-rot infected
soile., Un sandy solls the charees of infoetion are less., The soile, in
the countizs of couthwest (klahoma, whers the field studios were made by
the writey, are free of cotton Tont-Tot, 4

41pue have been found on bark of noneylocust by Brisese {18). The
bari was placed in culture bowl with tap water. Twe days later numerous
Buglenae were present.

Few mpere ¢eal with insect damage on homeylocust. Wygant (93)
cbserved borer damage on honeylocust groving on dry sites. This was

coused by &g

silig Gory, and only very oceasionally by
fenorata (01iv,) te which honeylocust is nearly ismune,

Aecording o Hygant {93) the most serdous insect problem ie thai ceoused

4, n. Wells, maraonal commmnication.



by borers. The weakening effect of the drought on trees appears to
increase borer damage and greatly complicates inseet control. A similar
statement is made by George (32) who considers leafeaters and borers as
the most serious enemies of trees, The former may be controlled by
spraying, while there is no practical control against the borers accord-
ing to George. Hcalmatammtiuomwdimmhawmm
a serious problem in shelterbelts, | Yet some trees suffer considerable
insect damage in the shelterbelts, | The worst offenders are borers
which mostly infest black locust, green ash, and eottomwood. In South
Dakota, George observed a honeylocust plantation killed by drought,
insects and negleet, [ No differentiation made by author,] Another
plantation 30 miles away did not show any injury from these causes, No
explanation was given by the author (34). Johnson (46) in 1934 reported
that honeylocust, although extensively used in early plantings in
Kansas, lost its popularity because of the borer, He observed greatest
loss due to the borers on sites where the trees have been neglected and
lost their vigor through competition for moisture with weeds and grass.
Johnson however recomended planting of honeylocust when good ecare can
be given, Ware and Smith (82) observed susceptibility of honeylocust to
borers with a survival of less than 50 percent in western and ecentral
Kansas prior to 1936,

Champlin and Knull (18) in 1925 recorded for the first time breed-
ing of Agrilus difficilis in dead homeylocust. The insect was also
found on willow and prieckly ash, Fisher (28) noted, that larvae prob-
ably do not live in these trees. Agrilus fallax-- has been reared a
mumber of times by different workers from dead and dying honeylocust and
hackberry, Adults of Agrilus egeniformis Champlin and Kmull have been



collected on honeylocust in Nebraska and Oklahoma in 1917 (18), Two
comnon timberbeetles of the family Scolytidae may also infest honey-
locust. Moparthrum mali Fiteh is imown to damage eoniferous as well as
broadleaf species (44). A twig girdler, Oncideres spp. was cbserved by
Kotinsky (55) on a mumber of tree species ineluding honeylocust.
Cyllene caryag--, the painted hickery berer was found on devitaliged
and dead honeylocust trees by Fenton (44) in Oklahoma, '

Honeylocust was found to aet as a host to Miridae., Paracalocoris
Zleditsise-~ found in Iowa seems to be confined to honeylocust (52).
Other Miridae found on honeylocust are Pilopherus laetus U, D. and
Zilopherus yalshii Uhl, The former was found in Alabama, the latter in
Washington, D, C, (53). A mite infestation was noted by Scimder,
Ietranyehus ellipticus defoliated honeylocust at lafayette, Indiana dur-
ing the summer of 1949 (66).

Dasyneura gleditsiae (0. S.) Felt, a gall gnat or gall midge was
first observed in 1866 as a honeylocust leaf deformer (25), This insect
is believed to be widely distributed, It has been found in several
castern states (26), No statement was made as to the amount of damage
done to honeyloecust, An undeseribed twig gall of the Neolagioptera sp.
has been observed on honeylocust (24). Alfalfa and locust presumably
honeylocust are hosts to Micrutalis calva Say, as listed by Leocmard
(57)e

The webworm, Homodaula albizzige Clarke, deseribed as a new species
by Clarke in 1943, ua{a observed by Vester and George (86) on honeylocust
in 1947. The moth was discovered for the first time on the silktree in
Washington, D. C. in August, 1940, Since that time Homodaula albizzise
has been cbserved in Maryland (1944), in Virginia (1945), in North



Carolina (1947), and in Georgia (1947). Homeylooust is subjeet to
greater damage than the silkiree because of the slower production of
foliage, Smaller trees appeared to be more heavily attacked than the
large ones. Honeylocust according to Wester and George (86) is highly
resistant to disease and until 1947 has generally been considered very
resistant to insects. [Wester and George are referring to the rapid
spreading of Homodawla albizzise. | Barlicr cbservations showed that
honeylocust may be infested by Ilascala reductells, a moth belemging to
the family Phycitidas, tut this insect is not ecnsidered to be a serious
pest (%), The white marked tussoek moth, Hemerocgmpa leucostizma S&A
was reported by Kotinsky (55) to attack almost every variety of trees
except conifers and was quoted by Kotinsky as "one of our worst shade
tree pests.”

The reports on honeylocust show rather rere occurrence of diseases
with only oceasional fatalities with the exception of Phymatotrichum
root-rot which caused remarkable losses in Arizona and Texas, Insect
danages on honeylocust have been found sporadically with mostly minor
injuries. In only a fow areas of the United States losses of honey-
locust due to insects have been reported.



& OF STUDY

Matorial for this thesis was ocbiained fron data collectad in 50
shelterbelts loeated in Greer, bashita, and Caddo Counties, (Tables I
and II in Avpendix 4) and from lsuboratory ctudies on the L. and Vi,
Campus, Stillwster, G:lshoua,

The figld studies wore carried ot in April c,nz:* oy, 1954, after
the trees hod leafed oub and grouwnd vegetation could ensily be
cppraised, Dbssrwtions during the groving season provided more rolie
ohle types of informabion In regerd to nmortality, state of health, and
the pattern of deterioration of Individual trees. Defolistion caused
sither by insccbs or othor elepents mf the gite were easily aobserved at
thet dine of the yzar,. Tree eroms in full folispge crealde 2 nore come
nlete and reliakle pleture of the sitaé.“@imz noroally fount within a
belt wheon the foress of conmotition are ab their madom,.

Ipdividuel belite used as a souregs of dabs vere choesen on tho basis
of gempeaition, locaticn and presence of apparent charecieristics vhich
conld poosibly suppest causes of detorioration of honeylecust, Sone of

the bolis wero sslzcted bodause of high honevloenst wmortaliby, vwhile

mortality of obhor gpecles In the gome beld was low, However, fisld

studien vore not confined io belis containing dead, dying, or unhenlthy
honeylocasts, Shands of healtly troes were sleo incorporated inbo this

*

baris for possible ldentilication of

2y

gtady so as o provide a seend

individual oleomente of site csusing warlations in the quality of
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shelterbelis. In this group were included shelterbelis found in close
praxiuity to those of poor auality, on siﬁw of apparently sindlarx
nature, yeb offering a contyust in the behavier of trees, I was folk
bhot gimllarity in site charactordetics might vormit Isoclation of the
factors rospongible for the differences in the hohavior or tmfzs.

The date dhtalined in each of the visibed belis concerned those fac-
tors nown o be capmble of causing diffienltics in groving trees in
wesbern Okighona, Basic information cbbtained in the £i01d has bheon sube
mrized in Tables T and IT (Apponddx 4). In oddition to the iters

1isted in the table, field examinations slso ineluded observaotlons of

anparent injwie’m to the trees and on pogssible causes of euch injuvies.
Seareh for insects and for cvidence of dlscases and former insect injury
eonstituted a part of exaninsiion of cach belb.

Heasurerents of individpal tress wore taken with an Abney hand
level and a dlancter tape, Soil samples were obteined by means of a
soil augers The formor vere ﬁé}mn @t various depthe, to 2 maximen depth
of six feet.

4 fov insoets and pathological specipens woro ’kmmight in from the
field for identification,

In addition to the itons dbtainnble through observations snd
magarenents, informabion on the history of ench belt was obtained
waerever possible, either from the owmers or from the rocords of the
801l Consorvation Serviee and 4ho State Division of Forestive

The principal Isboratory work eonsisted of the snalysis of soil
savples brousht in from a mmber of ghelterbelts, Chenmiesl anslysic wes
limited to a relatively few samplos from belts with different behavior

of honeylocuat in order o find 8 response, if sny, of too low or too



high content of several elements for tree growth,

Mechanical analysis was performed on 75 samples, A modified
"Bouyoucos" method of determining percentages of sand silt and elay was
employed, utilizing a hydrometer calibrated to read grams of suspended
material per liter of liquid. Theoretieally, the hydrometer method of
analysis measures the demnsity of a suspension at a given depth with
time. The procedure was as follows: 50 grams of air-dry soil were
placed in a beaker and covered with distilled water for 30 minutes to 12
hours depending upon the soil density, The soil was then transferred
into the dispersing machine. Five cc of one normal sodium hydroxide and
5 ce of a satwrated solution of sodium cxalate were added, After 15
mimites dispersing the soll suspension was transferred into the one
liter graduated eylinder, distilled water added to a volume of 1000
milliliters, and shaken vigorously, The first hydrometer reading was
mde 40 seconds after placing the eylinder on the table, to determine
8ilt and clay in suspension, A seeond reading after one hour gave the
amount of elay alone, Temperature was recorded both times and a core
rection of 0,25 plus or mimus was applied for each degree centigrade
above or below 1% degrees C, The result was multiplied by two since
only 50 grams soil were used. The first figure subtracted from 100
gives the percentage of sand,

The ecllected insects have been identified by Dr, F. A, Fenton at
the Entomology Department of A, and M, College, except one speecimen
which was identified by the Agricultural Research Laboratory in
Washington, D¢ C, Some of the inseects were found either in the egg or
larval stage and had to be reared for final indentification,
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Tree ring studies vere made in order to determine the peried of

stagmation,



CHAPTER IV
RESULTS

The field studies lead to the conelusion that no single factor is
responsible for honeylocust mortality in shelterbelt plantings., It is a
complex of factors which determines ultimate failure of honeylocust.
However, the single feature of insect attack seems to be of primary
importance in determining the survival potential of homeylocust in the
shalterbelts of southwest Oklahoma,

Weakened trees are much more apt to become the prey of insects,
Healthy specimens or plantations can withstand primary insects and par-
tial loss of foliage without suffering invasion of secondary insects.
Secondary attacks usually mean complete failure of plantations, Even
vith a heavy borer attack, the strongest and healthiest speeimens are
sometimes able to survive and recover, The rows, however, beecome
heavily thinned and the usefulness for wind protection is considerably
lessened, This becomes more important in the latest recommendations for
mamm,mmm'«wmwrwg A sudden
prtiﬂ!uﬂmetﬁamwmﬁmabﬁhholuwmmm
wind is forced with increased veloeity. The results are sometimes worse
than having no windbreak at all, Partial or complete failure of one or
more rows of honeylocust in wide shelterbelts may cause invasion of
grass which weakens the heighboring rows by strong root competition,

The strong influence of insect damage on homeylocust survival has
not been mentioned before in literature, except in cne instance where
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heneylocust has been invaded by the webworm, Homodeuls albizziae Clarke,
This s a newly discovered pest of honeyloeust now confined to the
eastern portion of the United States, but rapidly spreading, In general,
honeylocust is believed to be drought enduring, and insect and disease
resistant, '

In western Oklahoma, until reecently, honeylocust proved to be ome
of the most reliable speeies for shelterbelt and windbreak planting.
Recent indieations are that a heavy infestation of primary and secondary
insects is detrimental to honeylocust plantations which have been weak-
ened by recent drought conditions. The lack of suffieclent preeipitation
during the years 1951 to 1953 alone is not responsible for the weakened
econditions of the trees. It is true that rainfall in western Oklahoma
is a limiting factor. With an abundance or optimm of moisture, soil
mmmm“m:ntyms;um,mmm
petition become less important to the survival of honeylocust, However,
in areas with semiarid and subhumid climate solls and plant competition
become critieal factors controlling tree survival,

Soil characteristics may be considered less impertant than plant
competition for moisture availability, However, under adverse soil con-
ditions a high loss of honeylocust has been observed, Until the recent
insect invasion honeylocust was more likely to succeed than some of the
other species used in windbreak planting, The mere fact that high
losses and failure of honeylocust has been cbserved even on the most
favorable soils lead to the conelusion that other factors are chiefly
responsible for mortality, As previocusly mentioned these factors
include competition between adjacent tree rows, and eompetition with



herbaceous plants, and more important with grass and soddy plants,

Honeylocust is an intolerant tree with medium height and medium
root expansion, If bordered by taller trees with strong root develop-
ment, honeylocust suffers from root competition as well as from suppres-
sion, In many instances the foliage of this tree becomes so sparse
when bordered by cottomwood or Siberian elm, which both outgrow honey-
locust, that after invasion of defoliating insects ar only of leaf-
folding midges, the tree is not able to recover entirely and tims becomes
extremely weakened, In such cases borer infestation is extremely
hagardous, Once the plantation is invaded by borers death of the trees
mostly occurs in a rather short period of time, Many of the visited
belts gave evidence of this typiecal reaction, Some of the examples are
very striking, especially when arecas of favorable growth with high sur-
vival are located near high mortality areas containing similar soil
conditions,

The intolerant character of honeylocust makes difficult its suo-
cessful establishment next to species with more rapid height growth such
as cobttonwood or Siberian elm, Proper light conditions are as important
as space for root development. When bordered on both sides by either
cottonwood or Siberian elm, honeylocust usually shows signs of suppres-
gion, Stagnation of growth 1s evidenced by appearance of dead limbs in
the top portions of the trees, In severe eases of suppression, with
overtopping from both sides, entire rows of homeylocust die out. In
several narrow windbreaks one row of honeylocust was planted next to a
row of cotbormwood but mostly on the east or north side where honeylocust
camnot receive the afterncon light. In these cases, as following
examples will illustrate, vigor of honeylocust depends upon the growth
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form of the bordering eottonwood trees, Honeyloeust receiving top light
showed good growth and form, but when interfered with by overbanging
limbs of trees in adjacent rows, crown deformation and high mortality
was observed,

A tiree-row belt has been established in & north-scuth direction on
27 inches of A horizon of medium texture and moderately firesly permeable
soil and permeable subsoil, It contains thorny honeylocust 25 feet
tall, cottonwood 65 feet tall, and csage crange and mulberry in the same
row 25 feet tall, Cottomvrood is suppressing the honeylocust along the
cast edge (Figure 3), The honeylocust trees show stem deformation in
thelr upper part with growth trending towards the 1ight on the east side,
vhich is a typical reaction of intolerant species, Most of the trees
died recently. On many trees a few green limbs still may be observed,
In this ease a honeylocust mortality as high as 95 pereent has been noted
as compared to & 100 pereent survival of cottonwood, osage crange, and
mlberry, All the dead homeylocust trees were found infested by a flate
headed borer, Azrilus diffieilis Gory in larwal stage, Another part of
the same belt with apparently better soil conditions, greater soil
depth, and straighter growth of eottonwood showed only 20 percent mor-
tality of honeylocust, The larger loss in the first example camnot be
assigned to soll eonditions, When it 1s possible to establish cotton-
wood, it 1s also possible to gain good growth of honeylocust. In
several shelterbelts where eottomwood partially failed because of too
shallow soil conditions, honeylocust showed excellent growth and sur-
vival,

Another belt (No, 5) quite similar to the above mentioned in struc-
ture and site conditions, and located only a short distance from the



Figure 3 (belt No. 4a). Very poor behavior of honeylocust as a result
of severe coumpetition and suppression by cottonwood. Entirely
overtopped dead honeylocust trees are to be seen in the right
half of the picture.
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first, showed only 2 percent mortality of honeylocust, The oriemtation
again is from north to south, The windbreak consists of three rows,
from east to weste- thorny honeylocust, cottomvood, and muilberry and
green ash, The mortality of mulberry and green ash was 15 percent vhile
the survival of cottonwood was more than 95 pereent, Cottonwood however
showed mach straighter growth form and had less dense erams, Honey-
locust was somevhat influenced from the side but only in very few
instances overtopped (Figure 4).

Relatively straight growth of cottonwood was cobserved in an east-
west belt consisting of three rows., An important feature of this belt
is the eare which has been taken in cleaning and thimning the rows prop-
erly, tims preventing too strong competition between the trees, The old
saying "Good farmers have good crops" can also be applied for wind-
breaks, Carelessness is the worst offender of shelterbelts, This has
been pointed out repeatedly by the United States Forest Service, the
Soil Conservation Service, and authors dealing with the establishing of
windbreaks, But only few farmers realize the value of proper care,
This belt is an example of careful management as seen in Figure 5, Even
the sapzone (zone of root extension of trees) has been put into use by
planting sand love-grass, Lragrostls trlohodes (Mutt.) Nash, which was
one of the very few examples the writer observed.

It is very difficult to determine the amount of root competition,
As long as honeylocust is not overtopred and suppresged, the adjacent
rows do not have a detrimental effect on its growth, Since there is a
elose relationship between erown form and root development of trees, the
root competition may also count for the suppression, In other words,
the suppression can be the evidence of root competition, In one



Figure 4 (belt No, 5), Straight growth of cottonwood allows more space
for the development of honeylocust which is of good vigor,



Figure 5.

Hell managed three-row belt in excellent comdition, Honey-

locust forming the ocutside row is only very slightly supe

pressed by cottomwood and shows good survival, The sapzone

(foreground) has been pul into use with sand lovegrass,
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instance it wvas possible to observe the influence of a row of mature
eottonwood trees upon the mone of root extension as shown in Figure 6.
A single row of old cottonwood trees alongside a road is bordered on the
north by a ten-row shelterbelt, The first row consisting of desert
willow and the second row eonsisting of black locust showed 100 percent
mortality., A survival of 30 percent was noted in the third row contain-
ing honeylocust and black locust, This apparently 1s the end of the zone
of influence of the cottomwood trees, for the next two rows of honey-
Imutum“mu-!:ning5mmn1rtogaodmuﬂa
100 percent survival, Honeylocust, although bordered to the north by
Siberian elm, showed no signs of suppression, A better vigor of honey-
locust has been observed in row four then in row five, and this is due
to a larger space for development and better light conditions,

The best example of the results of suppression observed by the
writer is belt No. 49 (Figure 7). This ten-row belt with a uniform
composition throughout its whole length clearly indicates the danger of
too great competition, The belt was planted in 1942, oriented from east
to west with a spacing of 10 feet by 6 feet, The ground is covered by
debris, The 2nd, 3rd, and 4th rows were eut in 1953 for fence posts,
The first survey was made in the eastern part of the belt on a length of
500 feet, Green ash in the 5th row in excellent eondition with a height
of 35 feet is followed by honeylocust of very good vigor and 40 feet
tall showing only very slight damage by leafeating insects and midges,
Following are two rows of cottonwood of the same height, with highly
reduced vigar and 40 pereent mortality (Figure 7). Vithin a very short
distance this picture changes rapidly (Figure 8), Cottonwood showing
mich better growth, a height of 50 feet and 100 percent survival



Figure 6 (belt No. 9). Zone of influence of a mature cobtonwood row,
The first three rows of the bordering belt disappeared.
Row No, 4 and No, 5 consisting of honeyloeust show fair to
good vigor and 100 percent survival,



Figure 7 (belt No, 49). A row of catalpa sprouts is followed by a green
ash row (35 feet high) and a row of honeylocust (40 feet high).



Figure 2 (same belt as Figure 7)., Favorable soil conditions allow
excellent growth of cottonwood (right background), Honey-
locust (center) died as result of severe suppression,
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antirely supnresssd the honeylocust row vhich only colned s helsht of 28

fent until tho trees dipd, 7The cance of botbor prowth of cobborwood is
most 1ikely gmaszx goil depth, vbich tho weiter was nol shle do prove
heeanss of ook of neand.

Tarly overmaturdty o o conge of high oortelity In honeylognst as
indioatod by Rusalan avtlors (00) comnet bo respomsible in this oate.
Even wndor vore oxtrene coditlons of the Famenndye gsteppe boneylocust
mlantalions reacked an a2 of 8t Jeagh 15 o 20 yosos wntil Hhey storted
o dyy out, and thie pordly due to sof lnwaslon, The good soll cone
diticns, the excellent prowith of gyeom ash, § foot taller than honaye
Jocust, and eobbomreod ubleh aluest conplstoly ovortops honeylocust, and
ihe abosomee of grass olzarly indicate the causes for the wealened gone
dition of honeyloouct. Death presunibly occurred flrough insect damoge.
There wms ne evidence of neimary incocts left, hovover troces of a heavy
korer Infegtation have bosn cbeerwed. This flotheadod borer atiachs
devitalized troos but not dead ftvees, therefors death of honsplocust in
this cape rust be atiributed rather $o the borer atledk than to the cupe
pression videh is only responaible for the uweniensd condition,

One of the moct aperessive soeoles ip Siberion elp, which hes been
noted b Punger and Thonms (17) and by Daten (12) and whieh the writer
could chaerve in vardous wstuﬂmefs. By nie noeng Is @aﬁff’*’ﬂ.{iﬁ‘”ﬁ almo
affected by thic sppressim, Obhor ppeeles aloo ghov the affects of
supprosoion and roob eompetition in the higher sorkolity and $he poorer
vicor. Tob the preatoest effentr are shserved in horeylocust, Specles
1i%e mlberry, hackberry, osage ovsupe, cabelpa, snd green ash are morg
ghade enduring than honeylocust. Gorperdisons made with these sbove

nentionod spacles are not conclusive hosause the visited shelterbells



usually are of such a design that the tallest species (cottonwood or
Siberian elm) are bordered by homeylocust or black loecust, Black locust
cannot serve as comparative species, as its poor behavior is well known,

Comparisons of growth of honeylocust bordered on one or both sides
by Siberian elm or cottenwood show the same results, Homeylocust
located between two rows of Siberian elm showed the highest mortality
among all other species, 65 parcent in a ten-row belt (No. 21) oriented
from east to west with a spacing distance of 10 feet by 6 feet, Honey-
locust forming the fourth row also showed poor vigor while the bordering
rows of Siberian elm ranged from fair to good with 100 pereent survival
and exceeded honeylocust 15 feet in height growth. Good vigor of honey-
locust was observed only on the west end of the shelterbelt, where it
was free on one side, and there wvas enough room for its development,
The failure of honeylocust in this case is of no great importance for
the benefits of the windbarrier, It could easily have been awvoided bty a
different arrangement of species and by proper thinning, The latter
also would have resulted in a greater effective height,

The influence of root competition, as well as crown suppression, can
be studied easily in belts which contain more than one row of honsylocust
under uniform soil conditions, There it can be seen that when one
honeylocust row is bordered by a row of vigorously growing tall trees,
honeylocust shows greatly reduced vigor, whereas another honeylocust row
in the same belt is of good vigor when next to a row of a tall species
in poor eondition, A typieal example is belt No., 25, vhere honeylocust
in row No, 7 is located mext to a vow of healthy and rapidly growing
Siberian elm trees, Honeylocust wvas found suppressed with a height of
only 25 feot, IHoneylocust in row Ho. 10 gained a height of 38 feet and



showed very good vigor, This row is bordered by cottemwood trees (50
feet high) of fair to poor vigor, The differonce between the two homeye
locust rows is very striking, 50 percent better height growth and 25
percent betier diameter growth in row Ho, 10, snd is due to the differw
ence in the behavior of the bordering tall species,

In many cases mortality itself gives only a fair or sometinmes no
idea at all about the present situation, High mortality shows that some-
thing in the past has affected the plantation, The causes may be compe-
tition, insect damage, soil conditions or varicus other factors. The
results however are very striking: percentage of survival may be low,
poor vigor in evidence, or entire rows may have died, The same reasons
for mortality still hold in the presemt. They do not necessarily result
in mortality, as the trees are somewhat betier in general vigor, Good
vigor might also be misleading, Single trees which show unfavorable
offects and slight damage indiecate an unhealthy sondition of the plan-
tation, It may take years before this becomes evident in the percentage
of mortality, depending upon the rapidity of inerease of the insect
population,

Single honeylocust trees in a three row belt (No. 39) are dying
fron the top and show borer damage. The east row is formed by Siberian
eln 36 feet high, 7.5 inches dbh., and 5 percent mortality, evidencing
very good vigor, Osage orange on the west is of good vigor and is 15
feet tall, A gemerel good vigor also has been cbserved in honeylocust
which gained a height of 30 feet and 6.5 inches dbh, Those honeylocust
trees which wvere overtopped by Siberian elm are by no means in poor eon-
dition, Twigs of the top branches of lightly suppressed trees were
found dying off, This slightly reduced vigor results in a greater sus-
ceptibility to attack by secondary insects, If such reduced vigor is



recognized early emough, the plantation easily ecan be saved if the
infested trees or the whole row of honeylocust are cut, The sprouts
soon would be effective as a part of the wind barrier,

A more advanced stage of deterioration was observed in belt No. 24.
There it was already evident in the fair to poor vigor of honeylocust in
row No, 7. The 20 percent mortality was no obviocus indieation of the
general behavior,

Unfortunately most of the farmers do not have the necessary under-
standing for these problems and do not apply proper eare at the proper
tine, If care canmot be given, it would be better not to plant wind-
breaks al all, or at least no honeylocust. Honeylocust in particular
needs care if heavy competition with adjacent rows and competition with
grass are to be avoided, These cbservations are also supported by
Johnson (46) in early plantations of Kansas, vhere severe competition
mmwwwmmmmmmw

Within the study area trees generally were not able to compete
successfully with grass. Soddy conditions usually result in complete
failure of the whole plantation, Only honeylocust, red cedar, and
osage orange show some resistance to competitive grasses (Figure 9),

Until the recent borer invasion honeylocust has been by far the
best species in regard to survival unier soddy econditions (Pigure 10,
see also Figure 19 and 20), In several visited belts dead rows of
honeylocust form the only remmants of the former plantation, These
trees died one or two years before the survey was made, In all instances
traces of a heavy borer infestation was observed, The sudden failure of



Figure 9 (belt No. 50). Homeylocust (foreground) 14 years after plant-
ing. Generally poor behavior of the belt because of soddy
condition. Only red cedar (background) did well,

Figare 10 (belt Ho, 26)

Recent high mortality of
honeylocust caused by too
severe competition with
grass and heavy borer infes-
tation, Hote the fair to
good behavior of osage

orange (background),
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honeylocust in grass invaded belts was very siriking to the obgerver and
apparently accounts to a great degree for the recent reports on honey-
locust loss in southwest Oklahoma, The mortality of these trees can be
attributed to borer damage as well as to the effects of drought since

the insect invasion coincides with a period of rainfall far below the

average.

The ground cover of 18 of the visited belts was 90 percent or more
grass, The average mortality of honeylocust in these belts is 48 percent
whereas the average weighted mortality of all species is 59 percent, The
pereentage of mortality here is somewhat misleading, Honeyloeust in
these belts vas found heavily infested by borers and showed far moro
reduced vigor than some of the other species,

In several belts a heavy grass cover occurred in single spots.
Honeylocust in these small areas was either dead or heavily infested by
borers. The grass spots sometimes were so small that only one or two
trees have been affected (Figure 11), Johnsongrass Sorghum halepense
(L.) Pers, vas found as the greatest competitor. In all instances
vhere Jolmsongrass ocourred mortality of trees was 100 pereent, Other
speeies frequently found were six weeks fescue Fegtugs octoflors Walt,
and junegrass Hordeum musillum Rutt,

Grass invasion is not limited to shallow soil conditions, although
shallow soils usually are invaded by grass, leavy grass cover also was
found on deep sandy soils (Figure 12).

Where dense grass is found among shelterbelt plantings, it severly
affects honeylocust, This is not a feature peculiar to honeylocust
behavior, The status of all speeles in such belts is rather poor, The
high mortality of honeylocust which occurred in recent years seems
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Figure 11 (belt No, 27). Dead honeylocust (center) in small pateh of
grass, Siberian olm (stump in right foreground) died several
years before competition with grass beeame fatal to honey-
locust,



Pigure 12 (belt No, 8).

Shelterbelt without management,
Honeylocust in foreground is
unable to compete with grass
even on deep sandy soil,
Siberian elm and cottomwood in
the background are situated in
a shallov depression which is
not invaded by grass,

Figure 13 (same belt as Figure 12), Careful mamagement for femcepost
production close to the owmers house resulted in vigorous

growth of honeylocust.



The optimm spaeing distance for trees in shelterbelts is closely
related to the competition between adjacent rows, This is by no means
the only influencing factor. There are cothers which are highly respone
sible such as the amount of preecipitation, and soil eomditions. Various
authors have dealt with this problem and contradietory statements have
been given, The importance of rainfall as pointed cut by Wermer (35)
and Johnson (47) can be minimized in this case, The amount of preeipi-
tation in each of the counties visited might be considered as equally
distributed, especially when comparisons can be drawn in the very same
belt, The same observetions as stated by George (33) and Jolmson (47),
that the growth habit of the adjacent row influences the spacing dis-
tance, were made by the writer in various instances. The behavior of
the adjacent species again depends mostly upon soil texture, soll depth,
and available soil moisture, If these variables are eliminated to a
great extent, the response of the mitual influence of the different
species or rows becomes more visible,

In the area visited there were no great differences in spacing,
The distances used vary from 10 feet by 10 feet, to 8 feet by 6 fest,
Honeylocust did not show response to these small differences, In only a
few instances a smaller spacing was made, as for instance a seven-row
belt (No, 16) with a spacing distance of 4 feet by 3 feet., Homeylocust
with 100 percent survival is bordered by eottonwood and eatalpa with 20
percent and 90 percent mortality respectively, Only two rows, honey-
locust and Siberian elm had very good vigor, the other speeies—black
locust, cottonmwood, and catalpa~-ranged from fair to poor, Another
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close spacing due to replanting in the second year because of presumed
fallure was found in the first belt planted in the United States under
the Great Plains Shelterbelt Project, The average spacing of this belt
in the present time i1s 68 inches by 62 inches in some parts trees are as
close together as 34 inches., Honeylocust in the thirteenth row of this
seventeen-row belt shows 100 percent survival and a height of 38 feet,
It is however bordered to the north by a row of pine trees which almost
completely disappeared followed by a 46 feet tall row of Siberian elm,
To the south it is bordered by a row of black locust sprouts, The close
spacing of the honeylocust trees and the short spacing distance to the
south, where black locust apperently had gained a considerable height,
considering the stump diameter, did not effect growth and vigor of
honeylocust, Excellent soil conditions, deep sandy loam, are most
likely responsible for the good behavior of the belt,

A demand for wider spacing in regard to honeylocust can be cobserved
and recognized in belts where this species is bordered on one or both
sides by at least two rows of either cottonwcod or Siberian elm, 4
different behavior of honeylocust was observed when the bordering row
was alive and in good vigorous condition, than whem this row has
entirely disappeared, thus doubling the spacing distance. The following
exanples will prove that in an area with a certain linmited amount of
rainfall and under almost equal soil conditions, spacing is highly
influenced by the competition of the adjacent rows, This by no means
proves that precipitation and soil conditions are not the most respon-
sible factors. Comparisons of the required spacing distance due to the
amount precipitation could not have been made because of only small
differences for which the gathered material cannot be eonsidered as
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eonclusive, The observations show, that with the given amount of rain-
fall, the spacing distance in many instances is too short. In belt No,
14 honeylocust is bordered to the north by two rows of cottonwoods The
spacing distance between the rows is 116 inches and between the trees in
the row 8 feet. Soll conditions are favorable with a high watertable,
Vet sandy loam was found at a depth of 4 to 6 feet with steadily
increasing moisture content, The cottomwood rows in the western part of
the belt each show a mortality of 20 percent, good vigor and a height of
42 feet, Honeylocust on the average has a height of 33 feet, fair to
good vigor, and 100 percent survival, In places where the row of
cottonwood next to honeylocust disappeared, honeylocust is of very good
vigor and gained greater height., Ancther example is belt No, 27 (Fip-
ures 14, 15, 16, 17), a belt with ehanging composition, Honeylocust
shows excellent growth and vigor when bordered by a first row of black
locust of very poor vigor, and a seecond row of cottonwood, Similarly,
the honeylocust performance is good if the first border row is dead
cottonwood and the second is cottonwood in which the mortality has been
from 10 to 20 percent., The doubled spaeing distance allows honeylocust
entire freedom for development, Where the adjacent cottonwood row is
thrifty, honeylocust shows poor results, A doubled spacing distance
which in this case is 19 feet is not necessary and is not desirable from
the standpoint of wind proteetion, The single spacing distance of 9%
feet however is too short as to allow sufficient growth of honeylocust,

Spaeing distances as carried out in the shelterbelt of southwest
Oklahoma are insufficient since the growth habits of the different tree
species are not taken into econsideration, The common distance of 8 to
10 feet between two rows is toe short when a row of eottonwood or
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FPigure 14 (belt No, 27). Stagnation of growth of honeylocust which is
overtopped by a cottonwood tree, Notice the dead limbs in the
top of the honeylocust tree,



Figure 15 (belt No, 27). Honeylocust free from competition shows very
good vigor and growth, The row of dead trees in right center
is Siberian elm which was suppressed by cottonwood already in

an early stage,



FPigure 16 (belt No, 27)., Good height growth and vigor of honeylocust,
The neighboring two cottonwood rows failed entirely.



Figure 17 (belt No, 27b), Honeylocust in very good condition., The two
bordering rows, black locust and cottomwoed show 100
mortality. Following is another row of cottonwood with fair

vigor (upper left).



Siberian elm is planted next to a row of honeylocust., In this case the
minimm required spacing distance between rows would be 12 to 14 feet in
order to secure vigorous growth of honeylocust, Such wide spaeing would
inecrease the period before the shelterbelt becomes effective as a wind-
barrier, and would also increase the ecultivation period, Therefore it
is not advisable to plant honeylocust next to taller tree species, The
present spaeing distance of 8 to 10 feet between rows is sufficient when

honeylocust is bordered by trees which do not exceed honeylocust in
height growth,

Suceessful growth of trees in the Great Plains largely depends upon
the wvater economy of the soil. Soil moisture maintenance, as pointed
out in the review of literature, is primarily determined by soil texture
and depth of the permeable layer. Clay soils are usually considered as
detrimental to tree growth in semiarid regions. These findings can be
only partially supported by the writers observations, Considerably
inereased mortality of trees was found only when an impenetrable layer
occurred at a depth of lesg than 3 to 4 feet. Such extreme cases of
shallow soil have been observed in very few instances, The cause was
either a hardpan at a shallow level or sandstone, The affects on tree
growth are the same, Those soils either barely support a poor growth of
trees or fail entirely to produce tree growth., Honeylocust is no
exception in such extreme cases,

Trees in shallovw soils start to stagnate when their roots are no
longer able to penetrate into greater depths and expand horigzontally
where they have to compete with the neighbors for moisture supply. In
drought years this problem is far more serious than in years with high
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precipitation. Tree ring studies ghowed good grouth of honeylocust
wntil 1552 in geveral plantations, then ﬁhe diapeter growth almost
stopped. In 19%4 when the survey wes pade, the trees were alrendy dead,
only a few otill showing some greon lisbs. This sudden stagnetion of
honeylooust prowth coincides with o period of preginitation far beloy
the gvorage. In all eases a dense pyound eover of prass incroased the
compotition for molsture. The weakensd trees have besn atbacked by
borers in 6:1’:.’}1(%:.' 1952 or 1953. A4t the time the survey was made the
borsyrs had already sbandoned the tress.

The fellowing examnles will illugtrote the above stobements, &
twn row honeylocust windbrea: (Ho. 7 sec Appendix 4, Tablos I, II,
111, snd Figure 18) was found reeently killed by borers, Stapnation of
growth in 1952 was traced through the growth rings. Death occurred one
year later. Until 1952 very good diameter growth was observed. The
trees wore growing in shallow soil with a perseable layer of only 39
inches. The ground cover was formed by a heavy sod. Although the
direet causge of desth was the resull of 2 bover inf&é%ati&n, honeylocust
was not able to minitain & vigerous growth during the drought pericd,
chiefly because of the shallow depth of the permesble layer. Clay cone
tent was 18 percent at 12 inches depth, and 26 pereent at 39 inches
depth, vhich iz Jess than that found in severnl other belts with hisgh
survival and good behavior of honoylocush,

Boil types were gqulie variable in the visited counties, Belis with
a longbh of cne-fourth or one~hslf mile may include several seil
elagses, This very often accountz for the different behavior of the
shelterbell trees in a relatively smell area, The changes are sometines

very obvious, espeecially where one part of the belt was planted on deep



Figure 18 (belt No., 7). Competition with grass in shallow soil and a
heavy borer infestation are the cause of death of this two-
row honeylocust windbreak, A slight slope in foreground
inereases the water runoff,
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loamy sand, and the other on a shallow clay soil, This was observed in
a nine-row belt (No, 15) where a sudden change in the behavior of honey-
locust wvas found due to an abrupt change of soil conditions. In the
western part of this belt (Figure 19) for a distance of 200 feet a sandy
and gravelly soil layer extends to a depth at least 6 feet, an almost
impenetrable layer at 18 inches in the remaining windbreak (Figure 20)
prevents successful tree growth. The elay content at 10 inches depth is
as high as 35.5 percent and at 18 inches 43 percent., The amount of silt
is 32,5 percent and 30,6 percent respectively, Hortality of honeylocust
in the good portion of the belt is 2,5 percent indiecating good to fair
behavior, honeylocust being the most vigorous species in this lot., The
average mortality of the other species is 42,8 percent, The only severe
competition for honeylocust is a 90 percent grass cover. In the other
part of the belt honeylocust survived the longest except that osage
orange with a survival of 40 percent, and a few red cedars still remain,
The two rows of dead honeylocust trees formed the only relie in the
center of the belt, some trees still having several green limbs,
Similar £indings were made in belts on shallow soils which have been
invaded by grass, honeylocust always being one of the last surviving
species. In all these cases evidence of a heavy borer infestation was
cbserved.

There is no doubt about the responsibility of the permeable soil
depth as to survival and vigor of the different tree species, There are
only two species which show fair results in very shallow soil, These
are osage orange and red cedar., All other trees, including honeylocust,
are unable to gain sufficient growth to fulfill the purpose of wind pro-
tection,



63

Fis‘“re 19 {belt Noe. 15).

Good results of honeylocuet in
very coarse sand despite a 90
percent grass cover,

Figure 20 (sa:;e belt as Figure
19).

Dead honeylocust in shallow clay
soil, Extreme soddy condition

and overgrazing.
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Ho eanmetifm hag been observed hotween the amount of elay in the
various layers and the survival of honeyvloeust. & comparison of the
mortality of honeylocust anmd the zortality of all speeles in differsnt

soils show that honeylocust reacts loss to soil textbure than most of the

In clay seils honsylocust hed better vigor and highar survival ithan
nost of the other planted speecles, 4 high elay conbent was found in the
aoils of an eleven-row belt (o, 12). Clay content wes 52.5 percent at
a dopbh of three feoct. Two rows of honeylocust foraming the tallest
spacies wore of very good form andl good vigor with 100 pereent survival,
whoreas the other specieps bad an average wortality of 45.6 percent.
flonayloeust growing in a soil with relatively high clay content was
found second bust specicw in a nine~rov beld (No. 6) with fair to good
vigor and only 5 percent mortality,., However at the time the survey was
made it smaed slight infestation by borers.

Heone locust on the other hand may shov redueced wipger and high mor-
telity on good sardy soils, if coapetition with grass or other trees is
severe., For examole, in belt Ho. 20 ore row of honevliccust bordered by
cottonwood is In a rather poor cmﬁitian and is ipvaded by borers ard

caternoillars. The cther row, belng less suppressed, 1s of better vigor
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and has no norbality.

Zrasg corsr s found on heovy soils ag well as on sandy goils,
The grass vegetation covmpted rathsr severly with tree growth on both
kinds of soilo,

Tress in soubhwest (klahoms in general grov bebioer on the sandy
soils, bubt in many instances other faclors arc more imsortant than the

soll copponents. Honeylocust wery often is planted next to the tallest
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row which is either Siberian elm or cottonwood. These specles do better
in deeper soils with less fine material, Cottomwood is especially
exacting in its requirements. In deeper and more sandy soils cottonwood
reaches larger sise and has maximm vigor, In this situation it is more
able to suppress honeylocust, As a result one often finds higher mor-
tality of honeylocust in better and deeper soils as shown in following
example.

In a ten-row belt (lot No. 49a) a mortality of 23.9 percent
(exeluding honeylocust) was observed; the elay content being 23.5 per-
cent at 10 inches depth, 20,5 percent at 20 inches depth, 13,5 percent
at four feet, and 9,25 percent at six feet depth, Homeylocust in 12
years attained a height of 40 feet and had 100 percent survival, The
bordering cottonwood however was only of fair vigor with a mortality of
40 percent, In lot No, 49b, only 300 feet away from the first, a better
appearance of the belt in general has been noticed, the mortality being
5 percent less than in lot No. 49a. The elay content also was far less
with 11,0 percent at 10 inches depth, 14,5 percent at 20 inches depth
and 5.0 percent at five feet. The honeylocust row in lot No., 49b how-
ever, vas completely dead at the time the survey was made., It only
gained a height of 25 feet and was entirely overtopped by cottonwood
which was growing vigorously due to the better soil conditions,

Growth of honeylocust did not show any remarkable response regard-
ing the differences in soil texture. Honeylocust in shallow soil with a
permeable layer of less than 3 to 4 feet is unable to maintain vigorous
growth, This suggests that permeability depth is of greater importance
than soil texture, especially during the last drought period the trees
were not able to satisfy their moisture requirements and became



extremely weakened. This resulted in a heavy borer infestation.

Heavy insect damage on honeylocust as observed by the writer seems
to be of rather recent origin, Honeylocust is usually deseribed as one
of the most resistant species to insect attacks., Various other speecles
used in shelterbelt planting are quite susceptible, even from the time
of establishment of plantations, The suseeptibility of black locust,
green ash, American elm, cottomwood, and others to insect attacks,
especially to borers, is well known, Borer occurrence, however, in many
eases is loecalized, For instance, green ash was found by the writer to
be heavily infested by borers in Greer County, whereas it was completely
free from insects in most of the belts in Caddo County. Such a sporadie
occurrence seems to be the case with honeylocust, for insects have been
found in the past on this tree in some areas of North Dakota and Kansas,
In Oklahoma so far only cne species has been mentioned to attack devitale
ized or dead honeylocust trees in recent years, namely the hickory
borer, Cyllene cariag Gehan (27).

In southwest Oklahoma the greatest part of the mortality of honey-
locust observed, occurred in the last few years, Iarly stages of wood
decay are just begimning, In several belts which were comnletely
invaded by grass, rows of dead honmeylocust trees formed the only evie
dence of a formmer shelterbelt, These cbservations of a rather recent
death of honeylocust are confirmed by statements of farmers, For
instance, one farmer observed a two-row honeylocust windbreak (Ne. 7,
Figure 18) dying in the summer of 1953 during a short period of time,
As direct cause of mortality the writer found an extremely heavy infos-
tation of borers, In this case thrifty growth was followed by
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stagnation in 1952, a period of preeipitation below the average., Soddy
condition, shallow soll and a moderate slope are most likely responsible
for the weakened econdition, In May 1954 the insects had alveady eon-
pletely ebandoned the trees., The infestation thorefore must have
occurred not later than 1953, and probably even earlier, The borer in
the larval and in the adult stage which was found by the writer in
several instances, has been identified as Agrilus difficilis Gory,
This species was first recorded by Champlin and mnull (18) to breed in
dead honeylocust, in willow, and in prickly ash, Fisher (28) however
noted, that the larvae probably do mot live in these trees, The writer
found this species in southwest Oklahoma entirely confined to honey-
locust, The same species was found by Wygant (93) to injure honeylocust
in the Great Plains, Wygant gives no statement of damage.

Agrilus difficilis is a flatheaded borer and in its life history
closely resembles Chrvachothris fomorata (0liv.), the flatheaded apple
tree barer, which usually attacks devitalized trees., The same can be
sald of Agrilus difficilis. In only one instance a slight infestation
was observed on thrifty growing trees, Honeylocuest in weakened eon
dition wvas heavily attacked by this borer, The same observations were
made by Johnson (46) who noted losses of honeylocust due to borers on
sites vhere the trees, because of neglect and competition with weeds and
grass, failed to make thrifty growth, These causes are described in
previous chapters, The borers were mostly found in trees with greatly
reduced vigor, trees which were at least partly alive, Borers abandon
coupletely dead and dried honeylocust.

Another devitalizing fagtor for honeylocust are rrimary insects,
which were found by Fenton (27) and Monroe and Riddle (60) as highly



responsible for lowering the resistance of trees to borer attacks. The
most serious problem is that of the leafeating caterpillars, Two
speeies were found on honeylocust by the writer, They inflicted severe
damage in several cases, The eating patterns of the two species are
identical, therefore the amount of damage done by elther insect cannot
be definitely ascertained, Presumably responsible for the defoliation
in May 1954 is an unidentified species of the family Tortricidas, which
was found in the larval stage on the bark of the trumk or larger limbs,
where it found shelter from the unfavorable weather conditions at that
time, The other speeies was found in the egg stage only, on uninjured
leaves, It was reared by the writer and identified by Dr. F. A. Fenton
as the plum borer, Bugzophora semifunevalis Walker of the family
Phyecitidae, Since this species has not been found in the larwal stage,
the first species was most likely responsible for the defoliation, The
plum borer has been found on peach and plum trees (57). The infes-
tations in several instances are rather heavy, Devitalized trees were
attacked as well as thrifty growing trees. The only difference is that
specimens in good vigorous condition with a large leaf surface were more
able to withstand damage than trees with poor vigor, Honeylocust in a
two-row windbreak (No. 41) of very good vigor may endure partly defoli-
ation mach more successfully than the honeylocust row in belt No, 43
which shows greatly reduced vigor, Both were heavily attacked by the
caterpillars, The honeylocust in belt No, 41, being excellent in vigor,
is much more apt to recover than the same species in belt No, 43 where
vigor runs from fair to poor. In the two-row windbreak only slight
borer damage was observed, but a heavy borer infestation was found in
the belt with the poor condition, Honeylocust mainly is affected by



this defoliation, Only in a few instances slight damage was found on
Siberian elm and hackberry, when these species were located next to the
infested honeyloecust raw,

Dagmeurs gleditslag Felt, a gall gnat is also daraging honeylocust
to seme extent. This specles according to Felt (26) is evidently widely
distriduted. It deforms the leaflets of honeylocust. Cook” states,
that the two halves of the leaflet, which forms a characteristic pod-
like swelling inhabited by two or three pale orange larwae, never have
an opportunity to unfold, though there is a growth of cells allowing the
leaflet to enlarge and form the larwval chamber between the two halves,
This insect greatly reduced the active leaf-surface of honeylocust trees
in many of the visited belts. Since only one generation commenly is
mmwragmmmmummmenmmm
This inseet alone for itself would not be of any great danger, yet as a
typieal primary insect, it attacks very healthy trees, tims weskening
them and permitting borer invasion, This was observed in several belts,
Recent borer infestation was found on trees which showed a great number
of deformed leaves, Trees only slightly damaged by Dasvneurs gleditsise
and in good vigorous econdition have not been attacked by fgxilus
4ifficilis. These observations were made in belts which were not
invaded by the caterpillars, although in other instances gall gnat and
caterpillar damage wvas found on the same tree., The gall gmat in southe
west Oklahoma was far less important than leafeaters in 1954, It is,
however, able in extreme cases to weaken the trees to such an extoent as
to allow borer inwaasion, This gall gnat also occurred at the campus of

58. P. Felt, 29th Repart o
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

The ultimate mortality of honeylocust in (klahoma shelterbelts is
mainly caused by insects, the most important of which is Agrilus
difficilis., It usually attacks trees devitalized by lack of soil
woisture and by inability to compete for light requirements, This
becomes more evident in years with low precipitation, like the present
drought period existing between 1951 and 1955, In areas invaded with
grass, honeylocust was one of the most resistant species, Nore recently,
this resistance may be questioned, The results of defoliation of pri-
mary insects are also more severe in drought years than in years with
high precipitation, Ample precipitation would allow the trees to
recover,

The general status of honeylocust in Oklahoma shelterbelts points
to the necessity for more careful management, DMost important for
successful development of honeylocust is maintenance of its vigor.
Therefore precautions should be taken in eliminating the weakening fac-
tors such as competition and suppression, Sites should be carefully
gelected,

Honeylocust should not be planted next to cottonwood or Siberian
elm because too severe competition for light and soil moisture weakens
it. A row of shrubs or lower trees planted in between honeylocust and
these more aggressive species will be suffiecient to prevent suppression.
It is not advisable to plant honeyloecust together with ecottonwood or
Siberian elm in one-, two-, or three-row windbreaks, Extremely shallow

7=
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soil with a permeable layer less than 3 to 4 feet should be avoided for
planting, Honeylocust, like most of the other species cannot maintain
good vigor in competition with a heavy grass stand, Special care must
be taken to avoid grass invasion,

There are no practical means to control borer damage. Heavily
infested trees should be cut and burnt before the insect reaches the
adult stage, Spraying against leafeating inseects is practical for young
belts., Bear grass should be eradicated close to honeylocust in order to
prevent infestation of honeylocust by Pgeudodisspis yuccae.

In conclusion it can be said that honeylocust did not fulfill its
expectations of believed immmity to insect attacks. Honeylocust still
may be planted on selected sites. Regular observation for borer attack
in future will be necessary. Insects may be only of sporadie occurrence
as previously observed, but they also may develop as a serious menace to
honeylocust, especially when belts are not mansiged properly.
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APPENDIX A

TABLE I

SUMMARY DATA ON SAMPLE SHELTERBELTS IN(M()), GREER, AND WASHITA COUNTIES, OKLAHOMA
: 1954
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TABLE II
GENERAL INFORMATION ON THE VISITED SHELTERBELTS IN SOUTHWEST OXLAHOMA
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TABLE IIX
SOIL TEXTURE DATA IN SAMPLE SHELTERBELTS OF CADDO, WASHITA, AND GREER COUNTIES, OKLAHOMA

Average &ma_
Percent Percent Percent Mortality ty

Lot  Depth
Hos _Inch, __ Soil Color JHue Sand Silt Clay Percent ___ Pexcent _ Behavior
5 20 dark reddish S5YR 3/4 40,00 39,50 20,50 5 2 very good
40 dark reddish  S5YR 3/4 65450 14,50 20,00
62 reddish browvn 5YR 4/3 39.00 32,00 29,00
6 20 dark reddish 5YR 3/4 44,00 39.50 16,50 28 5 good
40 reddish brown 5YR 4/4 49,00 23,75 28,25
50 dark reddish  5YR 4/2 28,50 31,00 40,50
gray
60 yellowish red 5¥IR 4/6 79,00 11,00 10,00
7 20 dark reddish 2 SYR 3/4 59,50 22,50 18,00 100 100 very poor
39 red 25 5/6 51,50 22,00 26450
8 T2 yellowish red 5YR 5/6 77.00 7.50 15,50 93 95 very poor
9 12 reddish brown 5YR 5/3 87,00 6450 6450 28 0 good
48 pinkish gray  5IR 6/2 22,50 33,50 44400
a 26 dark wr;ddith 5YR 3/3 59.25 18,25 22,50 26 0 good
46 reddish brown 5YR 4/4 54,00 19,00 27,00
TR R . 25 = TR R
2 brown 7 A W v .
33-72 reddish brova 5IR 5/ 33,50 16,00 50,50 e
l4a 48 1light reddish 5YR 6/5 77,75 20,00 2,25 55 30 poor
%y 13 reddish brown S5YR 4/3 57,00 31,50 11,50 23 0 good



TABLE III--Contimued

Percent Percent

verage
Percent Mortality Mortality

Sand St _  Clay

A

Lot  Depth
No, AInch, ___ Soil Color Jue
48 light reddish 5YR 6/5
browvn
15a 12 dark reddish  5YR 3/3
brown
35 reddish brown S5IR 4/4
72 yellowish red 5YR 4/6
15b 10 dark reddish  5YR 3/4
brovn
18 dark red 2 5YR 3/6
18 a 28
72 reddish brown 5YR 5/4
e .22
20 red 2 5YR 4/6
72 yellowish red 5YR 5/6
19 10 reddish brown 5YR 5/4
18 red to dark 2 5'R 4/6~
red 3/6
50 yellowish red 5YR 5/6
72 reddish yellow 7 5YR 6/6
20a 10 reddish brown 5YR 4/3
22 dark reddish  SYR 3/4
brovn
40 reddish brovn SYR 4/4
60 reddish brown SYR 4/4
22 12 dark reddish  5YR 3/3
brown
20 dark reddish  5YR 3/3

76425
77.00

78,75
85.50
32,00

27,00
64475
82,00
87,25
79450
58.50
92,00

80,00

71,00
65,00
81,00
70,00

86,00
65.00
72,75

49.50

20425
13,00

10,25
5.00
32,50

30,00
19425
550
8,75
575
25.75
3,00

6450

12,75
11.75
13.00
10,00

7.00
12,75
17,75

28,00

3.50
10.00

11,00
9.50
35450

43,00
16,00
12,50

4400
1475
15,75

5.00

13.50

16,25
23425

6.00
20,00

7.00
22,25
10,00

22450

=

Pergent __ FPercent  Behavior
34 25 good
90 100 very poor
30 10 fair
4 0 good
no evie 0 good
dence
18 15 fair
20 10 poor



TABLE III--Continued

amann

Lot  Depth o
No, __JInch. _ Soil Color

27 a

32
34

40 a

e B

- 23 o1 3

56

BRoREBEE o

A

———

verage
Percent Percent Percent Mortality Mortality
Sand Silt glay

dark reddish
brown
reddish brown
to yellow-
ish red
reddish brown
reddish brown
yellowish red
reddish brown

5YR 3/4
5YR 5/5

32,50
92,50

54400
53,00
59.00
80,00
41450
37,00
26,00

36,50
31,50

78,50

76450
84450
6,800
76,75
79,00
82,00
64450
65,00

32,50
6450

21,50
19.50
19.25

8450
32.00
37.50
35.50

3525
34.50

8,00

5450
10,00
11,00

8475
10,50

950
15,50
19,50

35425
1.00

24450
27.50
2,75
11.50
26,50
2550
38,50

28,25
34,00

13,50

18,00

5450
21,00
14450
10,50

8,50
20,00
12,50

47

33
35

35

100

good

fair

very poor



TABLE ITl—-Contimed

Average
Lot Depth Percent Percent Percent DlMortality ty
No, Inch,  Soil Color lue Sand St Clay Percent _ Peorcent  Behavior
72 yellowish red S5YIR 5/6 to 66,50 19,50 14,00
to reddish  5YR 6/6
yellow
Ny 1 dark red 2 5YR 3/6 63,00 14,00 23,00 82 60 poor
25 rod 25%W 48  57.5% 14,00 23,50
37 red 2 5YR 4/8 63,00 17,00 20,00
50 red 2 5IR 5/8 65,50 21,50 15,00
43 10 reddish trown 5IR 4/4 56450 29,50 14,00 VAl 35 fair
7% red 2 5YR 5/8 26,00 48,00 26,00
48 9 dark reddish  SYR 4/2 60,00 24,50 15.50 20 2.5 very good
72 roﬂu’h yellow 5YR 6/8 to 67.75 19,75 12,50
::a yellowish SYR 5/8
Ha 10 reddish brown 5YR 4/4 to 64,25 12,25 23,50 21 0 very good
to dark red- S5YR 3/4
dish brown
20 reddish brown 5YR 4/4 64,00 15.50 20,50
36 yellowish red S5YR 5/8 77.50 9,00 13,50
72 reddish yellow 5IR 6/8 86,00 475 9.25
Sb 10 brom 7 5YR S/4 76,75 12,25 11,00 27 100
20 yellowish red 5YR 4/6 7750 8,00 14450
60 reddish yellow S5YR 6/8 92,00 3,00 5,00
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