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Methods of Distinguishing Between the
Shipmast and Common Forms of Black
Locust on Long Island, N. Y.

By He~xny Hovrp, associate botanist, Hillcullure Division, Soil Conservation Service
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INTRODUCTION

On millions of acres of privately owned famm land, a permanent
soil-conserving plant cover is the most effective means of combating
the soil-crosion hazard. In order te establish a protective cover on
crodible land, large numbers of native trees are being planted.  Black
locust (Robinia pseudvacacie 1.} is one of the trees widely used for
this purpose because if possesses outstanding soil-building qualities
(1,8, 9, 10%® and its usefulness on the farmm is well recognized.  Since
farm land on which trees are planted for the control of crosion is
frequently diverted from profitable use, it is essential to use forms
that yicld the highest possible financial return. The most likely
methed now available for producing improved kinds of black locust is
field seleetion of superior clones and strains.

A number of promising forms of black locust have recently been
selectec.  These selections are being studied to determine whether
their desirable qualities are retained under propagation, where they
can be grown successfully, and how they can be cultured cconomically,

! Fubmitted for publieation Marely 14, 1040,

T The writer §s indebted to 5. T4 Detwiler, Chiel, HillenTare Thvision, for supplyine peeliminary infor-
mation cancerning Lhe black lacitst forms on Lonw Island anet the lucsiion of shipmnst leeust stands,  Fart
of the statistical compatalions were made by engoyees of the Wark . 'roeress Administeation, project 145G,

of the iristriel of Colizmbin. ) .
* Ltalic mumbers in porenthescs refer s Literalire ited, po 20,
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One of the promising forms under test was found growing on Long
Island, N. Y., where it was introduced over two centuries ago. In
1936 Raber (71} described this form as & separate botanical variety
under the name shipmast locust, Robinia pseudoacacia var, rectissima,

The origin of shipmast locust is not anthoritatively known, but
this form has been recognized locally on Long Island for generations
as o distinet variant from the usual or common form of black locust
(8, 7}, such as is found ordinarily in other parts of the country* Ouly
recently, however, has this knowledge hecome general. }

Shipmast locust possesses several outstanding qualitivs of economie
value. The shape of the shipmast locust stem is strongly excurrent
and relatively straight in contrast to the sterm of commen locust, which
is often forked and crooked. The cffect of stem shape on vield is
illustrated by a cutting operation conducted by the writer on 18 ship-
mast locust trees and an equal number of commeon locust trees ol
comparable d. b. h.# growing m 10 stands on Long Island.®  The yield
was determined by splitting these trees into 8-foot fenee posts, The
nwnber of first-grade posts obtained from the shipmast locust trees
was approxinately 50 percent greater than that obtained from the
comumon locust trees,

The wood of shipmast locust is reported to be mueh superior to that
of common locust. The prevalent belief on Long Island, developed
through more than a century - experience with the two kinds of
wood in use as fence posts, i1s that shipmast locust wood 15 much more
resistant to deeay than common locust wood. This opinion seems
to he well-founded and is borne out by authentic observations on old
posts (3, 11). Because of their durability, shipmast locust posts are
regularly sold at much better prices than are obtained for comnuon
locust posts. TFor the purpose of obtaining a direct comparizon
between the two kinds of wood under controlled conditions, a log each
of shipmast locust and common locust were collected from freshly eut
trees of similar size. The results obtained by exposing small blocks
from these logs to pure cultures of four wood-rotting funzi indicate.
also, that shipmast locust wood is eonsiderably more durable than th-
wood of commeon locust (8. This conclusion has since been corrobo-
rated by tests on a wider selection of trees.”

Another important consideration in determining the value of ship-
mast locust is its resistance to the locust borer (Cyllene robiniae
Forst.). According {0 Hall (£), injury by the locust borer s closely
associated with growth rate and vigor of the tree.  Although these
site effects tend to mask genetic differences, Tlall reached the
conclusion that shipmast locust is much more resistant to injury by
the locust borer than the common locust either on Long Island or
in the Coentral States, TIfe states (6, p. 727) that of the various
forms studied, “* * *  shipmast Iocust stands out as being ane ol
the most desirnble vet encountered.”

These studies elearly indieate that shipmast locuat is muen superior
to the common locust on Long Island. It is therefore desirable to

1 [oreferrine Lo the iwo forms of hlacek leense dfeseribnad i this bhallotin, e teem “shipmast Ioegpss™ Ts gsed!
te mean the shiprmst form of blaek leenst, and “eommon st s nsed Do mean the cammman form ef hlaek
Inrust.  This metbod of referenes [odlows the teeminelory adopisd by Wabee in the arieinn! seeregation of
tht'j‘l.wa farins (44 nnd conforms to the provedure custermarily nsed for bortteuliaesl selegtiong of subapeeivs
rank.

13, b, bl ks dinmeter at Breast heleht, 44 foet above the zranned

2 U npehlishis] repart.

F Unpublished reporis.




SHIPMAST AND COMMOX FORMS OF BLACK LOCUST 3

test shipmast locust in other parts of the country where common
locust is now gencrally used for farm planting. As an 2id to tech-
nicians engaged in studying and using this desirable form, accurate,
standardized means of reecognizing shipmast locust are necessary.
Reliable methods of identifying shipmast locust are needed also in
sclecting locations suitable for the collection of propagating stock.
Since shipmast locust does not produce seed in practical amount it
can_be propagated only by vegetative methods (£12). Propagating
stock can be collected by digging sprouts that are preseut in ficlds or
by making root cuttings from older trees, provided methods are
available for distinguishing between the shipmast and common forms.
Methods of identifieation are requived also in determining the geo-
graphic distribution of shipmast locust in other parts of the country
and in studying its growth requiremoents and reactions where ifs
tendency to develop the typical shape is modified by site conditions,

The _problem of identifying tree species Is in most cases a simple
one. Variants within a species wsually present a more complex
taxononiic problem: First, beeause the morphological differences be-
tween variants of subspecies rank are often in characters that have
little taxonomic value; seecond, beeause speeific differentinting char-
acters olten show cousiderable overlap for individual trees. This ia
true in the case of the shipmast and comuon forms of black locust
on Long Island. The accurate identification of shipmast locust by
means of the type character, tree shape, is impracticable, Although
the superiority in tree shape of shipmast locust is in generai cleariy
apparent, this character has not proved susceptible of objective
description or measurement.  Henee, the utility of tree shape for
recognizing shipmast locust depends largely on the experience of the
observer.  Furthermore, hecause envirenment is known to have con-
siderable influence on the shape of trees, even a well-trained observer
could not identify shipmass locust on all sites by its general appear-
ance.  Therefare, aceurate metheds for the identification of shipmast
locust should be based on morphologieal characters associated with
tree shape.

Some of the morphological characters that differentiate the two
forms have been mentioned by Ruaber (/7). but heretofore ne stand-
ardized procedure has been developed for distinguishing these forms
objectively.  The aim of this bulletin is to discuss the principal
external characters by which shipmast locust differs from the conunon
locust on Long Island and to deseribe how these characters can be
used in the field to distinguish both mature and voung trees of the
two groups.  Also, the measurements of these characters are analvzed
to determine whether the shipmast form of black locust should he
considercd a taxonomic variant of the species or only an environ-
mental variation.

SELECTION OFF TREES

In order to select trees for study of their morphologicnl character-
isties, methods were established lor elassifyving the black locust forms
on Long Island into shipmast and common groups. The classifica-
tion was based on tre vnape, the tvpe character of shipmast locust.
These standards wer:: developed from Raber's deseriptions (/1) and
from o preliminary examination of the locust forms on Long Island,
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Fravee 1. =1, Shipmast loeust tree at Centerport, N. Y. The erect shape and narrow crown arc typical of shipmast locust.  This tree
contains usable wood almost to the topof the stem. B, Common locust treeat Jericho, N. Y. The low forks and wide crown are typical
of common locust,  Sueh trees have usable wood only in their butt-log, and the wood is of inferior quality in contact with the soil as
compared with the wood of shipmastloeust. - ¢, Interior of a shipmastlocust stand. D, Interior of n commonlocust stand.  The usable
piirt of the shipmast locust treesis unforked, straight, and free of sidebranches.  Common locust trees, even in closed growth, are usually
forked and branchy.  The fenee-post yield of mature shipmast locust trees was found to be approximately 50 percent greater than that

of common Jocust trees with the saine d. b, h,
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SHIPMAST AND COMMOXN FORMS3 OF BLACK LOCUST

Smipmast Locost—In open growth (fig. 1, 4) theirees have an excur-
rent stem, which is mostly unforked throughout its usable length, The
main stems are relatlively straight, with only one or two slight erocks in
the usuble part. The crowus ave narrow, their dismeter being 23 to 40
percent of the tree height.  The lower branches ave straight and form an
angle of approximafely 43° with the stem axis.  The upper branches are
short and ahnost horizontal.  Iu closed stands (fig. 1, C) the main stems
show the same geueral form as in the open-grown trees, but the crown
development is confined fo short, horizontal branches in the upper part
of the iree.

Coxmmox Locust.—Mature trees in the open (fig. 1, B) typicaily fork
two or more times in the usable part of the stem.,  The main stoms are
fairly straight near the base, bub generally have fwo or more prominent
¢rooks in the ussble lenpth. The ecrowns are relatively wide, their
diameter in open growth being 40 to 80 percent of the tree height, The
branches are usually long and eurved in both the upper and lower parts
of the crown.  The long upper branches make the crown appear heavier
and fuller and give a higher form point than in the shipmast locust Lrees.
In closed stands (fig. 1, D) the size of the erown is much smaller, but
the branch pruning is not so satisfactory asin shipmast locust.  Although
the restricted crown somewhat fmmproves the tree form, the character-
istieally poor shape is readily apparent.

Besides these differences in shape, none of the shipmast locust trees
selected bore seed pods, whereas no common locust trees were selected
that did not bear seed pods.

In selecting trees for study, an attempt was made to minimize
differences between the two groups that wore associated with environ-
mental influences.  The surest way of doing this would have been to-
scleet trees for study only in places where the two forms were growing
side by side, had this been possible. Tt happens, however, that only
three such areas were found, so that for the most part the stands used
in the study were not paired.  Inasmuch s it was impossible to secure
& suflicicutly large number of paired stands, a somewhat less eflective
proceclure was resorted to.  Measurements were made over the entire
shipmast locust range on Long Isiand (fig. 2) in order to get as com-
piete an expression of envirommental effects as possible.  Within this
area & reasonatly similar distribution of shipmast locust and common
locust samples was obtained.  Care was also taken to obtain approxi-
mately corresponding proportions of stands of each form on the four
principal soil types represented in the area, This procedure assured
isofar as it was possible that the factors of environment would affect
the two groups of samples in a similar manner.

A total of 89 shipmast locust trees in 2t stands and 93 common
locust trees in 18 stands in Nassau and Western Suffolle Counties,
Long Island, N. Y. were selected for this study (fiz. 2).

DIFFERENTIATION OF MATURE TREES

Bang

The configuration of the bark was found to be the most generally
useful character in mature trees for distinguishing the two forms.
This is the general belief among Long Islanders and is mentioned by
both Hicks (7) and Raber (77}, Raber mucle o few measurements of
the bark furrows of sample trees.  This procedure was developed in
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Fiaere 2.—Location of sampie plots, Long Island, N. Y.

the present study to give a standardized practical method of differ-
entiating the two tyvpes of bark.

The characteristic appearance of black locust bark results from
separation of the tissucs into clongated segments. Scgmentation
first becomes evident when the stem is about 4 inches in diameter.
In common locust trees the cuter bark continues to split as the stem
grows in diameter.  As a consequence, the individual segments and
mtervening furrows of the bark increase in number but not in size
as the sterm diameter becomes greater.  The segments of shipmast
locust bark, on the contrary, show less tendency to split. Thus as
the stem diameter of the shipmast locust trees becomes greater the
segments become wider and the intervening furrows proportionately
deeper.

This fundamental difference in the process of bark accretion is the
basis for the chaiacters used in this study to distinguish between the
bark of the two groups of samples. Since segmentation of the bark
is not evident in stems up to 4 inches in diameter, the bark of comumon
locust and shipmast locust trees in the juvenile stage is indistinguish-
able externally., After the segments have developed, the difference
between the bark of the two groups of trees becomes increasingly
apparent as the diameter of the stems becomes greater.  This may be
scen in fizure 3. In the two 1l-inch stems, the segments and furrows
in the bark of the shipmast locust tree are more prominent than tivse
in the bark of the comnion locust tree,  The difference is even greater
in the speeimens that are 17 inches in diameter.  This is plainky aserib-
able to the differences between the furrows and segments in the ship-
mast locust specimens; for in the larger of these the segments are
wider and the furrows are deeper and longer, whereas in the two com-
mon locust specimnens they are almost equally prominent.

The character of the bark of the trees in the twe groups was ana-
Iyzed in terms of the following four lincar measures (fig. 4): Length of
furrows (), width of segments (B), depth of furrows (€7, width of
flat crests of segments (/7). The recommended procedure in making
thesec measurements is described on page 21, The difference between
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the shipmast Joeust and commaen locust groups of data in each of the
four characters is shown graphiealiy in licures 5, 6, 7, and 8.

OF the four charneivrs, three are positively correlated with stem
dinmeter, £25 the Tourth, width of the flat segment erests, Is uot sig-
nificantly corvelated with sten diameter. 1n ligures 5, 6, and 7 the
=olid lines indieate the average relation hetween the indieated bark
ehiwracter and the stem diameter of each gronp. The range of varia-
tion for the T-pereent limit of probability is shown by the hroken
lines. In figure S the T-pereent limit of probability is shown by lines
above the histograms, The eharacter of o bark sample may he aseer-
tained by plotting the meazured values in eaneh chart and noting the
aflinity of these point= to the mean treml lines aod probahilite Emis
Fur the two groups of data.

Faovrr 3. Barkocdeselonmo t o sapanast b =1 a1 sominnn beist of compn-
ralde sices: 0, Sipmnust leest, T1 febams o b Lo £ cotnann Doenst, T inebn-
bl O stipnnet foeus 3T aebes d b B B eonmnnt 1ot DT ineiee ol e LG,

In order 1o use the hark measurements more eifectisely For lis-
tinguishing bevween =hipmast and common foenst aml 1o ~iwplify
the mechanies of compari=ow, Une fone mea<ures hzve been coibined
with stem dinmeter juto o maltiple linear fmetion that gives the
maxinnnn dillerence between the two gronp< of dita.’ This copoid
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SHIPMAST AND COMMON FORMS 0F BLACK LOCUSRT 9
measure of bark character is designated as the bark index, @. The
multiple function for bark index is expressed by the equation:

Q=0.157244-0.0185B-4-0.11610—0.150TD—0.0096E  (2).

The utility of the bark index in comparison with cach of the four
constituent bark measures is indieated in table 1.

TasLe 1.—Percentage of 99 shipmast locust and 93 common locust trees differentialed
by four individual bark measures and by the burk index, e compound function
dertved from these measures

1 Trees differentinted
Measure Shipmast Common
locust locust
EToup mroup
Individusl measures: Percent | Percend
Lanrth of NuTows. - 79
Wiitth of serments 66 42
Dopth offorrows, . . 70 18
Width of Oat crests of segmend oo eveeeao R ] xn
Comphum! mensure:
BT E s T« L 73 SRR RPN . i o)

The bark index calculated from the mean differences of the charae—
ters is 0.0836. This difference between groups is highly significant,
as indicated by an analysis of variance between and within groups,
which yielded an F-value of 81 (table 2).

TaBLE 2.—Analysis of variance of the meen berk index for a group of 89 shipmast
locust trees and a group of 95 common locus! trees

l
Souree of variation , Drepreosof © Sumof

1
I
I frecdain 1 SuRRS Mean squaze
\ — R
Hotwern grenps 9 0.3%7 10073
Withio groups . .. ' 1 LB 6 LN AR
Fotal L. e mmmmmere ama e - . It A9 i '
o007
! F—m!‘il, P=2:001,

The bark index is determined by substituting the values for each
sampled tree in equation (2). The mean Q-value is 0.1520 for the
99 shipmast locust trees and —0.0222 for the 93 common locust trees.
Since bark appearance is associated with stem diameter, the  values
for the 2 groups are correlated with stem diameter. The linear
regression equations for the two groups of data are:

Qatipmase = 0.083—3.0050 {imes stem dimmeter, SF= +0.0452 3);
Q

Qcormnon="0.050—0.0058 times stem diawcter, 87 = = 0.0315 ).
G

These equations shiow that, at small diameters, trees of the two
groups are hardly distinguishable; but since the regressinn is positive
i the shipmast locust group and negative in the common locust

210962°—10-—2
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group the difference between the mean @-values for the two groups
becomes greater as the stem diameter increnses.  The equations thoere-
fore are o mathematical expression of the ficld observation that the
difference in the bark of the two groups of trees is more apparent in
larger than in smaller trees.

Calculation of the bark index from equation (2) and comparison of
the bark index with values computed from equations (3) and (4) are
facilitated by use of the nomograph in figure 9, This chart permits
classification of the two bark types by graphic means directly from
the ficld measurements. The procedure used to determine the iden-
tity of & bark sample is deseribed on pages 21-22,

Owing to the similarity in the external appearance of the barlk of
young trees, the @valucs for the two groups overlap at the smaller
stem diameters. The range of overlap, which is delimited in the
nomograph by the triangle ryz, includes approximately 30 percent of
the trees at 6 inches . b. h., 16 poreent at 10 inches, and 1 percent at
16 inches, Bark samples falling within the range of overlap are not
identifinble by means of the multiple bark measure. Those falling
outsicde the range of overlap and within the range of variation for
either group can be identificd by this method.

Although bark is a character not ordinarily used for taxonomically
differentitting variants of a species, it appears to offer a suitable basis
for distinguishing the shipmast and common forms of black locust. A
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Fioere 5.—TLength of hark furrows in 99 shipmast locust (2} and 93 common
loenst ((C) trees.  The solid lines represent the regressions on stem diameter;
the broken tines indicate the range of variation for the Lpereent linmit of proba-
bility. The plotted value for each tree is the mean of 10 measurements.




SHIPMAST AXD COJMON FORMS OF BLACK LOCUST

e

g

n
B
[+]

s
=]

S

a
3

8

WIDTH OF SEGMENTS (INCHES)
r-3
[=]

s
o

8

o
[>]

0 2 14 -3 i:] 20 22 24 26 28 k4]
STEM DIAMETER HAMCHES

2

Figure 6.-—Width of bark segments in 99 shipmast locust (+) and 92 common

locust ((0) trees, The solid lines represent the regressions on stem dinmeter:
the broken lines indicate the range of variation for the I-percent limit of proba-

bility. The plotted value for carh troe is the mean of 10 measurcmonts.

il

character, to be used successfully for taxonomic purposes, must he
susceptible of objective desecription and should not be influenced

essentially by environment. As shown sbove, the bark index,
supplies a numerical method of expressing the barlk difference between

F

the two groups, a difference that cannot be securately described in

the common locust on Long Island.

qualitative terms. Furthermore, this difference between the two
groups is not accounted for by envirenmental variations. This was
determined by an analysis of variance of @ elassificd according to
(1) stands, (2) seil types, (3) rate of diametoer growth, and (4) rate of
height growth. Significant differences vore found between stands
within both groups, but neither this source of variation nor any of the
three other sources of variation accounted for the difference in the
average @-value between the two groups. Ience, despite variations
that may have been associated with environment, the bark index
proved to be an offective means of distinguishing shipmast locust from
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CarLyx PrecMENTATION

Raber (11} stated that the extent of calyx pigmentation is one of
the distinctive characters of shipmast locust. This statement was
confirmed in this study by examination of flowers in the same ship-
mast locust and common locust stands that had been selected for bark
measuremens$. It was observed that the calyx of common locust fiow-
ers is tinged with red pigment over 2 considerahle part of its surface,
whereas the calyx of shipmast locust flowers is grecnish yellow, with
only a few red blotches. Ocecasional individual calyces on common
locust frees are only slightly colored with red pigment, but the differ-
ence between the average pigmentation for individusl trees of the
two groups is prorounced.

SHIPMAST LOCUST

COMMON LOCUST
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Ficure 10.—Variation in the extent of red color on the surface of 631 shipmast
locust calyees and 423 comnion locust calyees, The feld standards for the 7
pigmentation nuinbers are shown rbove the histograms,

A numerical estimate of this character was made by the use of &
scale that permits classification of calyces according to the extent of
red pigment on the calyx surface. The scale was established by
arbitrarily designating seven degrees of pigmentation. The field
standards for the seven pigmentation numbers are shown in figure 10.

Since black locust flowers, particularly those on shipmast locust
trees, are ephemeral, remeining on the trees but 1 to 3 days in the
mature stage, the calyces of only a relatively few trees have been
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classified by means of the pigmentation scale. A total of 1,054 calyces
have been so classified on 11 trees, 1 in each of 7 shipmast locust and
4 common locust stands (table 3). The data are subjected to analysis
in table 4.

TABLE 3.—Pigmeniation of the calys in 7 shipmast locust and 4 common locust slands
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TapLe d.—Analysiz of variance of calyr pigmenlation for a group of seven shipmast
locust stands and ¢ growp of four common locust stands

) {
CBhegrees of 1 Sumoor

Souree of varistion | frocdom SGURLCS

Mean square

Between groups. .. ... R, . 1 1,173 P 1.17%
Between slands within groups. ... . g - ] 7.7
Within stands. ... ... o.oee_ . . e 1, - a4t W

Toal e s PO 1,533 . .

! F=1'?]-;-3= 152; P=0.01,

The utility of this character for distinguishing individual trees of
each group is shown by the fact that the mean square between groups
is significantly greater than the mean square between trees of each
group.

The distribution of calyces on the pigmentation seale is shown in
the frequency diagrams of figure 10. Most of the ealyces of the ship-
mast leeust group show only o slight emount of red color, and no
calyces are more than moderately pigmenced. The largest proportion
of the calycesin the common locust group are considerably pigmented,
and only & very few are slightly pigmented.

OtneEr CHARACTERS

Shipmast locust trees differ from the common locust trees growing
on Long Island also in the width of the sapwood and of the inner
bark. These characters are not very cffective, however, for differ-
entiating individual trees, because the variance between observations
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within each group is large. Measurements of these characters are
useful only as a further check on diagnoses made by other methods,
Since these characters are of minor value taxonomically, they will

not be discussed at length. Measurements are conveniently made on
fresh increment borings with o scale graduated in sixty-fourths of an
inch. As the data are corrclated with stem diameter, the mean
values for the two forms of black locust may be expressed by the fol-
lowing regression cquations:
Width of sapwood in sixty-fourths of an inch:

Shipmast locust=0.52+ 0,174 times stem dismeter in inches.

Common locust=0.8341.146 times stem diameter in inches.
Width of inner bark in sixty-fourths of an inch:

Shipmast locusi=-1.1630.205 1imes stem diameter in inches.

Commen loeust=23.9240.604 times stem diameter in inches.

The mean values for trees of several stem diameters are given in table
5, from which the affinity of any set of measurements ean be judged.
Values for trees of intermediate stem diameter ean be readily caleu-
lated from the regression equations,

TarLe 5.—Mean sapwond widih and mean inner bark width based on measuremenie
of 89 shipmast locust and 93 comman locust trees

|
i 1 Values for trees with stem dinmeters of —

! Btandard R .

Character . errar i [
' . &inches Ilﬂ inches 2% inches | 30 inches
. . 1 . :

Width of sapwnod: i Ay inch P Vggimghk Vg4 Fnch  Iguinch
Shipmnst  emmameeemmmm e ————————— +4.4 m 1t 11 15
COMMMN . . i imrmaaaan : 51 15 ki 3 44

Width of inner hnrk: i i . .
Shipmast e ammsmsmm——————- £2 1. 0 Q 1] 3
LN 1 1T L 1.3 7 0 16 n

DIFFERENTIATTION OF YOUNG TREES
STirvLar SPINES

Since the diagnostic characters mentioned above appear only in
mature trees, they cannot be used to differentiate shipmast and com-
men locust plants in the jurenile stage.  Neither does the stem shape
differentinte the two forms, beeause shipmast loeust and common
locust plants appear murch alike when young.  The typically excurrent
shape of shipmast locust does not plainly develop until the trees are
10 to 20 fect tall.

The hest external character for differentinting voung trees of the
two forms proved in the present study to be the shape of the stipular
spines.  Stipular spines can be observed only on young plants and
on fast-growing shoots of mature trees, since slow-growing twigs in
the erowns of mature trees are practically deveid of spines.  Although
the spines are annual and are produced only on the current vear's
growth, they usually remain on the steins several years before slough-
g off,

gI'he length of the atipular spines is not constant on a tree but is
correlated with (1) position of the spine on the shoot, {2) length of
the shoot, and (3) height of the shoot in the tree. The shape of the
stipular spines, likewise, is related to the position of the spine on the
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Frosere 1. —Variution in the
shape of stipular spines at
fonr intervals  along  the
lenzthy of the year's prowth:
L, Tip of shout; 12, 18 inehes
high on shoot; ¢, 9 inches
high un shoot; D, base of
shout. The shoot on the
left is from ashipmast locust
troe, that on theright from a
comman Jocust tree. Ap-
proximately 0.5 natural size.
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shoot. Figure 11 shows the spines on
l-year-old shoots of a shipmast focust
and a common locust sprout, st the
following four positions on the year's
growth: The tip of the shoot, 18 inches
high on the shoot, 9 inches high on tho
shoot, and the base of the shoot. These
photographs illustrate the general re-
ntionship between the shape of the
spine and its position on the shoot. The
spines at the basal and apical extremi-
tics of the year's growth are relutively
short amd blunt; those in the midpart
of the year's growth are the longest
anl narrowest.  Despite differences in
size and shape of the spines associnted
with wvariations in the growth of the
shoot, there is a definite uniformity in the
appearance of the spines on a single tree.

The spine shape of the 2 groups was
stuied on fast-growing sprouts. 2 to 4
feet long, collected from the base of 16
mature shipmast locust  trees in 20
stands and 37 mature common locust
trees in 15 stands. To compare twig

speeimens, the longest, best-developed

spies were used. It was found that
the spines of shipmast locust trees are
characterizedd by an ogee or double-
recurved ventral margin. The  dorsal
margin is coneave to  straight. The
spines of nearly all shipmast locust
specimens  are slichtly acute and of
moderate length, 0.2 to 0.6 inch,  Spines
notably different from this type were
found m only 1 stand, near Wyandanch,
N. Y. The spines on the trees in this
stand  possess  the  typieal  double-re-
curved  ventral margin of  shipmast
locust spines but are reflexed and 0.8
inchlong.  The variation in spine shapes
among  the shipmast locust trees Is
shown in figure 12, .

The eommon locust trees on Long
Tsland show a wide assortiment of spine
shapes. The spines are straight or
curved amd vary from subulate to acicular.
On dilferent commuom loeust trees they
vary in length and widéh, in the shape of
the upex, in the shape of both domsal and
ventrsl margins, and in the angles of
axillary  and  teansaxillary  inscrtion.
Exanmples of spine variations among com-
mon locust trees are shown in figure 12, B,
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The spines from 3 of the 37 common locust trees are similar to those
on the shipmast locust rees, Since most common locust trees on
Long Island possess spines of other shapes, however, this chameter
distinguishes thy greater number of these trees from shipmast locust
trees.

Fioene 12— Siipular zpines irom finteprowing, T-vear-uld shoot-, shwing the
range of variation in shape: .1, Shipmast locust.” The spines uniformly have
a double-recurved ventral marginamlare 0.2 tu 0.6 Inch Iong,  An exeeption was
found in a group of shipmast locust trees growing near Wyandanel, N, Y
The spines from these trees are reflexed and 0.8 juch long, (e of these spines
is shown at Lthe extreme right in the lower row, £, Commaon locust. i con-
trast to the uniformity in spine characters among shipnnst lovust trees, the
spine shapes vary considerably among different common locust trees. Althoagh
the spines of most common {oenst trees are distinet fram those horne on ship-
mast locust tress, o few have heen found that are indi-tinguishabie from the
shipmast locust 1ype. One of these spines is shown at the extreme righl intlwe
lower row,  Approximately 0.75 natoaral size.

LEsvvEs

The leafiets of young shipmast locust plants are ovate (fig. 13, 1),
This_characteristic can best he seen on leallots from the midpart of
the leaf, since ordinarily those toward the extremities are more
variable.  The apex of shipmast locust leaflets is emarginate but
not at all, or only slightly, mucronate.  Stipels are usvally lacking,
but they may be present on large, Toast-growing leaves. When
present, they are alwavs less than one-sixteenth of anineh long,

The leaflets of young commoen loenst trees are of various shapes.
Although they may be similar to those of shipmast loeust trees, in
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roughly 50 percent of the common locust trees examined the leaflets
at the midpart of the leaf have other shapes. Figure 13, B shows
the ususal leaflet shape found on common locust trees whose leaflets
differ from the shipmast locust type. This leaflet is clliptical, with
a mucrcemarginate apex and s well-developed stipel. Although
leaflet shape 13 not a constant diagnostic character, it has proved
useful for distinguishing some of the common locust frees from the
shipmast locust group.

Fierre 13.—4A, A leafied from the midpart of the
leaf of a voung shipmast locust tree, showing
ovaie outline, emarginate apex, and small stipel.
B, A leallet from the corresponding part of &
commaon locust tree, showing elliptical outline,
muecrcemarginate apex, and relatively longer
stipel. Approximately 50 percentof the cotnmon
locust trees examined bore leaflets simiiar to
those on shipmass Jocust trees.

DISCUSSION

The data given in this bulletin indicate that the shipmast form of
black locust has definite and constant botanieal characters. These
characters differentinte shipmast locust from the common form of
black locust under a variety of site conditions throughout the range of
shipmast locust on Long Island. Outside Long Island, black locust
trees that are similar in shape to shipmast locust trees have been found
over an extensive area in the Northeastern States. Measurement
of the bark of these trees and cxamination of their spines and leaves
reveal that they possess the same distinguishing botanieal characters
as the shipmast locust trees on Long Island. Since the differences
between the two forms over a wide geographieal range are apparently
not asseciated with site, these differences seem to be hereditary and
not environmentel. This evidence, thercfore, substantintes the
proposition that shipmast locust is a distinct botanical variant of
black locust. Shipmast locust can be identified by four associated
characteristics (bark, calyx, leaf, and stipular spine) in the manner
described in this bulletin, regardless of variations in shape and growth
rate that may be induced by environmental factors.

In ascertaining the phylogenetic relationship of the shipmast variang
to the species of black locust as & whole, the spine and leaf characters
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described in this bulletin are significant. Spine and leaf shapes have
been found to be clonal characters for black locust. This was de-
termined from experimental plantings established by the Soil Con-
servation Service in which shipmast locust and otlier selections of
black locust were grown in adjoming rows. In these plantings, cloncs
established by vegetative propagation from individual trees were
found to possess uniform spine and leaf characters, whereas marked
differences were found in the shape of spines and leaves between
different clones and between trees grown from seed. This observa-
tion explains the diversity in these characters among the common
locust trees on Long Island, in which the production of seed permits
the exchange of genctic factors. Shipmast locust trees, on the con-
trary, have been found to possess a uniform type of spine and leaf,
except for the trees in the stand at Wyandaneh, N, Y. Aside, there-
fore, from this one stand of trees, all the shipmast locust trees ob-
served in this study appear to comprise o single clone,

Further cvidence bearing on the phylogenctic status of shipmast
locust is provided by its cultural history. According to available
historical information, all the shipmast locust trees on Long Island
have been grown from a single introduction (3). Shipmast locust
trees fail to produce seed in any notable quantity; henee they could
have been propagated only by vegetative methods (72). 1€ would
scem very likely, therefore, that the mnny thousands of shipmast
locust trees on Long Island are in fact but one clone.

Of the two prineipal charncters by which mature shipmast and
common locust trees can be distinguished, the bark is the more suit-
able for diagnostic purposes sinee it ean be easily measured in all
seasons of the year, whereas the calyees ean he examined during only
a few days in the spring and are difficult to obscrve on tall trees.
None of the mature common locust trees observed in this study have
the distinctive, heavily furrowed bark that is characteristic of ship-
mast locust. However, the bark index alone is not sufficient for the
identification of shipmast locust, since black locust trees can be found,
especially within the native range of the species, that have thick bark
but belong to other clones. Tt is important to determine the clonal
identity of individual thick-barked blaek locust trees inasmuch as the
superior economic qualitics of shipmast locust are not as vot known
to be associated with any other clone. Whether or not hlack locust
trees that have the shipmast locust bark index belong to the shipmast
locust clone would be indicated by a eomparison of their spine and
leaf characters with those described in this bulletin for the shipmast
locust trees on Long Tsland.

Although spine and leal shape ean be used to determine woether
mature thick-barked locust trees helong to the shipmast locust clone,
their use for klentifying young plants, for which the bark index eannot
he determined, is not entirely satisfactory; for the spine and leaf
shapes associated with shipmast locust are necasionally foune also on
common locust trees.  Henee, the character of neither the spines nor
the leaves is genetically linked to tree shape. These charneters are
useful, however, in permitting one to recognize by rapil inspection
any young trees that definitelv are not shipmast locust, Further
studies are being made to establish methads, based on internal strue-
tural characters, for differentiating shipmast locust more aceurntely
in the juvenile stage.
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STANDARDIZED PROCEDURE FOR DETERMINING BARK
TYPE

The identification of shipmast locust and commeon locust bark by
the method described in this bulletin is a relatively simple procedure
that can be followed without involved mathematical computation.
The procedure consists in making 10 measurements of each of 4 bark
characters on the sampla tree and plotting the average of these values
on & chart. The position of the derived point indicates whether the
bark is characteristic of the shipmast or the commen locust group.

When the bark is measured, care must be taken to obtain o Tepre-
sentative sample of the bark characters, This is accomplished by
measuring 10 consecutive segments and furrows around the cireum.
ference of the stem, beginning with any segment selected 24 rendom
and breaking the sequence only to avoid branches and prominent
bark wounds.

A diameter tape is placed around the tree at breast heigit, and only
segments and furrows intereepted somewhere within their length by
the tape are measured, in the following standardized manner (fig. 43

LexorH oF Frraows.—The mean of 10 measurements, made with a
scale graduated in tenths of a foot, is obtained for each tree. The dis-
tance measured is the vertical extent of the furrows, which are formecd
by transverse separation of the bark tissucs.

Wriote oF SEGye~Ts.—The mean of 10 measurements, made with a
scale graduated in tenths of an inch, is obtained for each tree. The
distance measured is the horizontal, tangentinl extent of each segment,
from the decpest point in one furrow to the deepest point in the ad.
joining furrow. Measurements are made at about the midpoint of
the length of the furrows, not at the apices of the furrows, where
adjoining segments fuse.

Dzpra oF Frrrows.—The mean of 10 measurements, made with a
scale graduated in tenths of aninch, is obtained for each tree. A thin,
narrow scale, which can be inserted to the deepest point of the furrow,
18 emploved.  The depth of each furrow is estimated by holding the
seale in g horizontal, radial position with the zero mark of the seale in
the deepest part of the furrow,  The seale is read at the point where it
is Intercepted by a line extending across the furrow from the crests of
the adjoining segments. The location of this line is facilitated by
drawing the diameter tape tightly around the tree so that it touches
the crest of each segment.

Wipta oF FraT CrEsTs oF SeayENTs.—The mean of 10 measure-
ments, made with a seale geaduated in tenths of an inch, is obtained for
cach tree.  The distance measured is the horizontal, tangential extent
of the flat surface on the crest of each segment.  The mensurements
are made ab approximately the midpoint of the length of the furrows,
not at the apices of the furrows, where segments adjoin.

Stex DusyeTER -—Measurements are made in inches and tenths of
an inch ab breast hieight with a steel diameter tape,

The data obtained from the sample tree are plotted on the nomo-
graph in figure § in the following manner:

(1) The value for Iength of furrows is lneated on axis <A, and a line is drawn from
this point to the value for width of segments on axis £2, thus loeating a point «b on
the reference axis /.

{2} A lneisthen drawn from point ab {0 the value for depth of furrows on axis
€, thus locating a point abe on reference axis /7.
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{3) In like manner, a line is drawn between ehe and the value for width of Sut
crests of segments on axis 1, thus loeating » point abed on reference axis 17,

() _From peint abed g ling iz projected through the value for stem diameter on
axis B to interseet axis @, thus loeating the value for bark index.

(6) The computed vajue for the bark index is then projected horizontalty on
the rectangular disgram to the intergeetion with the independent ordinate For stom
diameter,  The pasition of the derived point in relation to the regression lines for
shipmast locust and common locust indieaivs the allinity of the bhark specimen.
The arrows indicate the variation for the 1-pereent limit of probability,

To illustrate the procedure, the identification of a shipmast locust
and a comumon locust tree is worked out on the chart.  The measure-
ments are given in table 6, The data from tree No. A 3-2 yicld a
Q-value of 0.183, whicl, when projected on the perpendicular seales
to the stem diameter of the tree, 14.3, proves to be within the prob-
able range of shipmast locust and outside the probable range of
common locust.  The data from tree No. A 54-5 vield a Q-value of
—0.019, which i3 within the probable range of comumon locust and
outside the probable range of shipmast locust at 8.5 inches . b, h,

This procedure for the identification of the two types of bark is an
objective method that ean be used readily after a little practice. By
this means it is possible to combine measurenients of four bark char-
acters into one value that differentiates a greater percentage of trees
thmllf does the measurement of any one character when used by
itself.

Tanuk 6.— Field measurements of a shipmast locnst and a common locust tree, and
the bark index compuled from these measurements on the nomograph in figure

Mensirements of — ‘

. t
. i Computed
. Width nf i bark
Lengthof, Whithof | Depth of | that erests stem G imddex, @
fuirgws 1st-gnwms! furrpws of ©dintneter
: i i seEIenls l

1

L}
Inches Fuches  Inch faches
Shipmast . 13l 1.t ! 0.7 15,3 0. 188
Common ¥ 0.70 | 1.3l | 0.7 45 —0.019
1

SUMMARY

External differences between the conunon form of hlack lacust and
an erect form known as shipmast locust arve deseribeil. Beeause of
its superior cconomic qualitics, shipmaost locust appenrs to be a
promising form for farm planting.

The data given indieate that shipmast locust, which occurs on
Long Islaml, N. Y., is a distinct taxonomic varinnt of black locust.
Shipmast locust possesses delinite morphologieal eharneters regard-
loss of the site on which it grows.

In the juvenile stage, the character of the leaves and stipular
spines is the only externnl means of diflerentiating trees of the two
groups. Shipmast locust plants have unifortnly a double-recurved
ventral margin on the stipular spines and ovate leaflets with emargi-
nate apices and poorly developed stipels. Young trees cannot always
be identified with eertainty, however, since some common locust
plants have spine or leaf characters hke thoese of shipmast locust.
These chargeters are variable in common locust trees, but the greater
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number have spine or leaf shapes different from those of the shipmast
locust group. A study new in progress promises to furnish method,
based on internal struetural characters, for differentiating small trees
of the two groups.

Individual trees of the two groups can be differentinted with
greater cortainty in the mature stage. Trecs over 4 inches o b, k.
are distinguishable by means of the bark index, & compound numeri-
cal expression that differentintes the heavy, thick-ridged bark of
shipmast locust from the thinner bark of common locust. Wherens
it s often difficult, without consilerable previous experience, to
judge this difference qualitatively, the bark index permits objective
determination of even small differences between the bark of sampled
trees. In order to facilitate classification of the bark type in the
field without mathematical computation, a simple Iinear nomegraph
is uscd. This nomograph diflerentiates approximately 50 percent
of trees 6 inches d. b. h. and 99 percent of trees 16 inches d. b. h.

Other characters for differentinting mature trees of the two groups
in the ficld are ealyx pigmentation, width of sapwood, and width of
inner bark,  The first charneter is classificd according to a pigmenta-
tion scale, and the other two characters are described by formulus.

LITERATURE CITED
Criapyav, A, L
1935. THE EFFECTS OF HLACK LOCUST ON ASSOCIATED SPECIES WITH
SPECIAL REFERENCE TO FOREST TRERs.  [eol. Monog, 3: 37-60.
Cox, G. X, and Mawriy, W, P,
1037, ©SE OF A DISCRIMINANT FUNCTION FOR PIFFERENTIATING SOIL
WITIL DIFFERENT AROTORACTER FOPULATIONS. lows Siate Col,
Jorr, Sei, 11: 323-331,
DerwiLer, 8 B,
1837, THE HISTGHY OF SUIPMAST LOCUST. .Jour. Forestry 35: 708-712,
HIRICH
Fisuer, R.A.
1436, TURE TSE OF MULTIPLE MEASUHEMENTS IN TAXONOMIO PRORLEMS.
Ann. Hugenies 71 179-188, illus.
Gannax, W. M., and Mergng, F. G,
|938‘ EFFRECT OF LOW'UST PREES UMON THE AVAILABLE MINEMA, NUOTHI-
ENTS OF THE 501L. Amer. Soe, Agron. Jour. 30: 122-124.
Harw, Ranes (',
1937. GIOWTH AND YIELD IN SHIPUAST LOCUST ON LONG IBLAND AND ITS
HRELATIVE HESISTANCE TO LOCUST BORER INJLURY, -l()lir. I-‘urostry
35: T21- 727, iilus=.
Hrers, Jopx 8,
1883, THE BLACK OR YELLOW LOCUsr.,  Amer. Jour, Forestry 1: 465160,
Hine, Rav R,
1838, 4 PROGRESS HEPORT ON LAHOMATOHY PHESTS OF T RELATIVE
DURAHILITY OF DIFFERENT VARIETIES OF HLAUK LOCURT SUB-
JECTEDR PO CERTAIN WOOD BECAY FUNGL Jour, Forestry 36:
5353,
Keunoaa, 1. F.
PO35. BLACK LOCUST PLANTING FOR ENOSION conTron. [0 S. Forest
Berv,, Cen. Btates Forest Bxpt. Sta. Note 3, § pp.
Mcelxrvae, Anvrsen U, and J BEFIIEs, (7, P
](.}32. TUHE BFPFECT OF BLACK LOCPST ON ROIL NITROGEN AND GROWTIH OF
caranrs, Jour, Forestry 300 22 35, illys,
Ranen, Orax,
1936, SHIPMAAT LOCUST, A VALUABLE UNDESCIUHED VARIETT OF HORINTA
rsECnoacacia. I8 Depl. Aee. Cir, 379, 8 piv, s,
Swinare, Cnakees
1937, EXPERIMENTS IN PROPACGATING SHIPMAST LOCUST. Jour. Forestry
35: T13-720, illusa.




ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE
WHEN THIS PUBLICATION WAS LAST PRINTED

Secretary of Agrieuliure Cravpe R. WickaRrb,

Under Secretary Paown H. Arrnisy.

Assistant Secrefary GuroveEnr B, HiLw.

Director of Information M. 8. TLisEXHOWER.

Director of Ertension Work M. T.. WiLsox.

Director of Finance W.o A Jowme.

Drirector of Persannel Rov T. HExDRICKSON.

Director of Research James . JarpiNE.

Director of Marketing Miro R. Penxixs.

Salicitor Mastiv G. Warre,

Land Use Coordinator M. 5. Ilisexnowen,

Office of Plant and Operations Antaue B, Tnartcuer, Chfef.

Office of C. C. C. AAchivities Frep W. MonrreLL, Chief,

Office of Experiment Stalions.. . ... _._._. Jases T, Janpixg, Chief.

Office of Foreign Agricultural Relations______ Lestie A, WHEELER, Nireclor.

Agricultural Adjusiment Adwministretion__._. R. M. Lvaxs, Administrator.

Bureeu of Agricultwral Chemistry and Engi- Hexny G. Kxtour, Chief.
neering.

Bureaw of Agricullural Economics_ oo ..____ H. R. TouLey, Chief.

Agricultural Marketing Service C. W. Kironex, Chief,

Rureaw of Animal Indusfry._ . _____._. Jouw B. Monrer, Chief.

Commadity Credit Corporation Cany B. Ronmxs, President.

Commodity Exchange Administration Joseru M. Mrenn, Chicf.

Bureau of Dairy [ndustry. . ... ......... O. E. Reep, Chief.

Bureau of Enfomology and Plant Quarantine. Ler A, Strovg, Chigf,

Farm Credit Adminisiration A. G. Brack, GQovernor.

Farm Security Administration C. B. BaLowiy, Administrater.

Farest Service ... .. EanLe H. Crarr, Acting Chief,

Bureaw of Flome L'conomtcs ________________ Louisk Sranuey, Chicf.

Libraryo... ... ... CLamiBeL 1. B,\n\ ETT, Librarian.

Bureav of Plant Inrhrsrr_; E. C. Avcuten, Chief.

Rurel Electrification Administration______.__ Hauwry Srattery, Administrator.

Seil Conservation Screiee H. H. Bex~ETT, Chief,

FPederal Crop Insurance Corporation Leroy K. 8srtu, Manager,

Federal Afarkefing Administration__. . ____ Mo R. Perxins, Administrator.

This hulietin is & contribution from

Soil Conservalion Service . H. H. Bexxert, Chicf.
Qffice of Research . M. L. Nicnovs, Asst. Chief of Serv-
tee, tn Charge,
Hillewlture Division 3. B. Derwirer, Chief,

24

M. 5, GOVERNMEAT FOINTIHG OFTICE F4Lt




..—r..l..:
I UE ORI

b i arbaiie ...-i.llla!aL




