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Technical Bulletin No. 393 Frpryary 1938

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

STUDIES ON THE POSSIBILITIES OF DEVIL’S
SHOESTRING (TEPHROSIA VIRGINIANA)
AND OTHER NATIVE SPECIES OF
TEPHROSIA AS COMMERCIAL
SOURCES OF INSECTICIDES "

By A, T Suiveas, sewior blochomist, (. A. Russeny, egenf, M. 8 Lowwan,
aasistent bochemast, Division of Drug and Reloted Plants, I, D. Fowusn, for-
merly assoeinle soil lochnologist, Dimsion of Soil Fertilily Frvestigations, €. O.
LrLaxnsox, ecologist, Division of Plant Ezxploration and niroduciion, Burean of
Plaut Industry, and V., A, Lrevee, professor of entomology, Adgricultural and
Mechanical College of Tezas?

United States Department of Agriculture, Burcau of Plant Industry, in
Cooperation with the Texas Agricultural Experiment Station
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! This hulletin s g report on the first pnses of an fovestigntion on e cosonercind possitolities of native
speeies of Tephrovig as scurens of foseclvides in cooperabion with the Tevas Agricaitoral Experiment
Station, ‘Theceeliural plotof Tephrosia virginionastarted by Vo AL Likthe, of Uie Agrieaitaral snd Mechaniond
Callepe of Texns, and the selevied planting sloek fronn el plot with ali dota pertnining thereto were tmade
wvailabla for this purpose.  With Liis substentinl beginning the couperative prolegt wasstartod in July MW
under the local supervisicn of (3, A, Hussell, agent, Division of Trug nnd Helated Plants, Baread of Plant
Industry, with the collaboretion of Mr. Littie. Flirough the ceoperatlon of the Bureat ¢f Entemolngy
nnd Plant Quarantine the necossnry binlogicnl lests were made by ¥F. L, Oumphed, formerly entomologist,
and W. M. Bullivan, nssistant eatamnelogist, Division of Contraf Investigations, and the severnl rotenanc
determinntions wero made by Howard A. Jones, msSocinta chemist, Division of Inseeticide Investigations.
Acknowledgment is also ioade of the heipfu! cooperntion of the Porest Service in connection with expueri-
mental piumin%‘i of Tephrosia in the Chovtawhatehee Notional Forest in western Florida nnd of the Georpin
Coastal Piain Experiment Statlon, Tifton, Gn., spd the South Carciina Sandhill Fxperiment Station,
Pontisc, S. 0., where facllitics have heen provided for cultusal Lests. i

tE. 1. Fowler, now seninr sall seientist, Soi) Conservation Service, mado the studles on the possiblc
rclation of sall environinents to toxicity, prepared the soil-profile fgure, and furpished the substapce of the
disanssions of that phinse of the investigations,  ©. O, Erlanson made the tnxononic studics and prepured
the figure showlng thdir npproximnle northern rnges.  Ackrowledgrient I mule of the nssistaner of
I. W, Keily, jontor hioehemist, Division of Drue and Heladed Phists, in the eollcetion of Lhie root spmplea
and thoir extraction and examinution in the leboratory.
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INTROBUCTION

The increasing demand for insecticides nonpoisonous to man for
controlling insects on food plants has intensified the search for sources
of such materials among the plants of the world. The use of rotenone
and rotenone-containing products obtained commercially from several
species of Derris and Lonchocarpus is perhaps the best exnmplo of
the practical utilization as insecticides of plants used as fish poisons
in tropical countries. The suceess that has attended the introduction
of tliese insecticides has encouraged search for other species containing
the same ecompounds In greater quantities or other substancés of
cqual or greater toxiciky to insects but harmless to man nnd snimsl.

Rotenone so {ar has been found only in members of the fmmily
Leguminosac and to date in six generan in that family, namely, Derris,
Lonchocarpus, Munduiea, Afleltia, Spathoindus, and Tephrosiu
(Cracea). Al six gouorn are widely distributed in the Tropics,
but only one, Tephrosio, hins a distribution extending into femperate
regions and is to be found in the United States.  Tittle (5) reported
in 1931 that the root of Tephrosia virginiana L., occurring In eastern
Texas and commonly known as “devil’s shoestring’”, had insecticidal
properties. Clark {1} subsequently isolated rotenone and rolated
compounds {rom the roets. These findings suggested this species,
which is widely distributed through the Southeastern and Southern
Btates, ns n readily available rotenone-containing plant with pro-
nounced insecticidal propertics.

The devil’s shocestring, slso known by such other names as rabbit
bean, goats’ rue, hoary pea, and turkey pea, was well known to the
American Indians who used the roots as a vermifuge and for other
medicinal purposes. They so utilized the root for poisoning fish,
& praciice that was apparentiv handed on to white settlers in regions
where the plani was sufficiently toxic for the purpose. Rouark ¥ has
summarized the published accounts concerning these carly wses as a
medicine and fish poison, but reporis no reference to the Inseeticidal
properties of its roots prior to the publication of Litlie’s work,  Jones,
Campbell, snd Sullivan (8), on the basis of their investigations, point
ot that the retenone content of the samples of native species of
Tephrasia exmmined hy them are not on o par with that of derris
{(Derris sp.) and cube (Lonchorarpus micow (Anbl) DC.Y now avail-
able, but suggess that more toxic individuals of these species may be
found and that the relenone content may perhaps be inercused by
selection, breeding, and cultivation.

The work on deviPs shoestring licre described was undoertuken:
(1) To determine the general distribution of Tephrosia virginiana and
other native domestic species, their relative toxicity, avd the relation
of toxicily to geographie source; (2) to determine what factors are
vesponsible for the wide differences in the contents of rolenone mxd
other toxic substances; (3) fo increase the amount of foxic material
in the roots by selection and breeding or other means; and () to
study the cultural requirements of the plant snd determine the cost
of its eultivation and its crop possibiliftes in general. This bulletin

©Einlie munders in preentliesss refer Le Litormtore Citsd, . 40,

B Roati, B, L DRYILS SHOESTIONG LOmeor ringfRinan 1.0 4 FOTENTEAL 501K OF RUTENONE AND RE.
EATER INSECTICIDES, U 8, B, Clviog wnd Solls, 1954, [N imenggiied.)
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reports the results of field surveys and of some ol the miseelancous
studies completed in connection with cultural studies that wre under
way.

DESCRIPTION OF TEPHROSIA VIRGINKIANA

Tephrosin virginiang 1s a herbaeeous perennini growing to o height
of 1 1o 2 feet with erect stoms, which are leafy o iheir {tops w ith
compcnmd leaves made up of numerous narrow-clliptic Jeaflets.  The
flowers, whicly appear in May and June, are comparutively large and
numerous, & dull yellowish white in color with purple murkings, and
are sarrunged in a ferminal cluster. The frits are hesnlike pods
about 3 inches tong, which nomr‘tl]) contain an abundance of sced.
However, over o considerable part of the South u species of blister
beetle devours the reproductive organs of the flower just as it beging
to open and prevents the deve]opmont of sced.  Furthermore, appar-
ently in all the loculities where the plant cecurs, w weevil lays its
eggs in the young pods, the larvae Inter enting the seed, so that col-
lected seed should be fumigated with carhon {hsulpludv promptly
to prevent damage. The rools are vuinerous, levg, slender, and
tough. \mnmllv there is 2 faproot which deseends alinost ver tically
and numerous side roots, whieh arise from the erown and spread more
or less horizontaily, “Phere are no wnderpronnd stems by which the
plant can propagate Iself by suckering, although in loose sandy soil
the new erowns often braneh widely from the parent clwmp, giving the
appearance of suckering,

Of tho species of Tephrosia in the United States, pirginiana is the
most common and widesprend. 16 extends {rom the New Bngland
States to Minnesots, south to Texas and Flovida, Ty pu‘ft-ls low
altitudes and s Lii(‘h’ found 1n the Appalachian Range.  Although
oceurring on widely differ ent soils, it prefers well-dr .unm! snndy situn-
tions. It lucks the ‘lr_{gw%ivmm-ﬁ ol & weed but is tolorant to new
soils and is & characteristie plang of railway embankments and rond-
stdes i the South (pl T, AL and B).

The plang may he ])iO}}ll"zttt'(I frout seed, bub germination is some-
times slow and uneven unless 15 has been ])10\'10!1»,1\’ trested {pl 1, O).
16 may be propagated vegetutively by dividing the crown.  The 1001s
alone canuot be used for propaguting.

SURVEY OF 1934

The region surveyed in 1934 included the following States: Penusyl-

vania, New Jersey, Delaware, Maryland, West Virginin, Virginia,
North Caroling, South (‘mnhn*l castern r(‘IH}Cbbi‘(‘, Georgin, Florida,
Adubama, Mississipp, Lomsmnq Texas, Arkunsas, and Okluboma.
Collections were made by J. W. }u,llv L. A, Whitlord, Elbert Voss,
. A. Russell, and V. A Little. Tn addition to the material colieeted
directly, sumples were obtained from a number of collaborators in
the wvarious States, whose assistance was much apprecisted. The
roots from New York, Connceticut, Indiama, and Kentucky gave no
indication of containing rotenone and were not toxic to fhos, and ne
fi-rther reference is made to them.

The root samples as collected in 1934 eomprised n number of indi-
vidual plunts in a locality and thus represented approximately the
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quality of the plants in the particular localities in which they wero
collected. In some localities such composite samples have been found
not always to be reasonably represcntative. For example, a sample
showing moderate toxicity does not indicate whether all the com-
ponent plants were moderately toxic or whether roots from beth
strongly toxiec and nontoxie individuals were included in about equal
proportions.  The range in degree of toxicity in plants growing within
£ very small locality was later found to be much greater than expected.
Nevertheless, these composite samples served to indicate quite clearly
in which regions toxic plants ocenr.

METHODS OF TESTING

The root samples as received were thoroughly air-dried and then
ground so thiat the coarsest particles would pass through a 20-mesh
screen.  Twenty grams were extractod with acetone for 7 hours in a
Soxhlet extractor. The extract was made up to 100 ec of which 25 ce
were used to determnine the total acetone extractives.  The romninder
was available for the Durham test for votenone and related substances
and for biological tests to determine toxicity.

The samples were tosted colorimetrieally for the presence of rotenone
by the method of Durham, as quoted by Gimlette (2, p. 221). Jones
and Smith {4) point out that the characteristic blue color produced
when rotenonc is present in the acetone extract fades rapidly, and
that deguelin, a constituent of some plants containing rotenone, also
gives the color.  The test, therefore, is of no value as an exact quanti-
tative measure of the rotenone present. However, inasmuch as
deguelin also possesses inseciicidal properties, any plant material
giving the hlue color merits investigation as an insccticide. Their
investigations suggest, therefore, that this color test may be useful
for obtaining quickly a rough indieation of the insecticidal quality
of plant materal insofar as such quality depends on rotenone and
deguelin, and possibly on other related substances as yet unknown.

The results obtained by Jones, Camphell, and Sullivan {3) indicate
o considerable correlation between the intensity of color obtained and
the toxicity of the extract to flies. Nevertheless, all the samples
(:ol}izcted during this survey also were tested directly for their toxicity
to flies.

The biological tests were made in the Division of Control Investign-
tions, Bureau of Entomology and Plant Quarantine by the turntable
method (8).  Acetone extracts wore used, 1 ec of which represented
0.02 g of root, or a ratio of root to solvent of 1:80. The samples were
graded into those that did not kill flies in excess of the pure acetone
contrel, those thot killed mors than the control but less than 50 per-
cent of the flies, and those that killed more than 50 percent. The
extracts in the third group were then tested in a further dilution,
representing a ratio of root to extraet of 1:125, Those that killod more
than 50 pereent of the flies in this concentration were then used in g
dilution representing a ratio of 1 g of root to 250 cc of extract. The
extracts thit killed more than 50 percent of the flies in this dilution
thus represented the samples that contained the roots of the greatest
toxicity.




NATIVE SPRCTES OF TEPRROSIA
RESULTS AND CORRELATIONY

The results obtained are shown in table 1. It i1s evident that the
roots of Tephrosia virginiane from over most of its principal runge
contained insufficient toxic substances to give them insecticidal value.
Moreover, the small districts from within which toxic roots were ob-
tained are restricted approximately to northeast Texas, northeast
Florida, and southwest Georgia. This restriction of toxicity also is
shown by the distribution of samples on the basis of toxicity by States
in table 2.

TasLe 1—Comparative insecticidal value of roots of Tephrasia virginiana from vari-
ous localitics as delermined hy the Durham color test and the Campbell-Sullivan
lest on flies, using acelone exiracls of the air-dried rool, cach cubic centimeter nf
which represenied 0.2 g of rool

1 Treprer of eolar Toxicily
1 { with Darham st o iliey

i Lalw- ¢ seearding to - n3 tluter-
)
1

Btabe nrnl vonnty Lotality

ratory | mnfied by
.- : Camplweil-

L}
. ; Sullivan
_l RAPE S PR I D T O N ve i 8

Now Jersey: H
Glaeester o oo Mudopno oo oLl
Cumberland L Afillvilk

Doo. . . ..
Atlantieeo.. .o ...
Doo ... . ... B 2larbnr Cily

Tnloware:
g L O Gioarpelowil ..o

West Virpinta:
Aereer Pringeton. ... ...
Konawln, . __ Biy Chimuney.
Randelpho. ... __. A Elking. ..o
Hampshire......... .. ..} Homney.__.

Maoryland:

Irince Frederiek P
Chesapeake Teach.. .. | .
North Eneto....o .o ..
Wye Mills..oo.ool. L
Eost New Market, . ..
| AManchester.... ..
o Wostminster.

Lihertylown . o
Ridgeville.. ... ..

3

E=
v

Virginia:
Prinee Willlam _. . .. { Duamlries.......
BT e ..
(Freensvi)le oo | Emporin. .
Crange__ ..., . Dmnkel.......
Lunenborg ... .. ,...] Lunenburg.

Prince Edward |, Farmvillec. .
Charlotie ... ________.__| Kevsville ...
‘Moeeklenburg ... .. | Clarksville.
Fhdsylvanin ... ... .| Danville. .
Hatng. ... .. .. _| Walifwe ., .
] Clarkton..

Do RPN i 11711 /:5.1 | DO
Cainn ceveewed] Drookneal.oo L L
Amberst .. . L. Amherslo. ... ...

e e =]

Buekinghnmn . co. | Buckingham, . . . .
Powlialan. C] fPobmceedlle oL
Hanover. A Ashlinel oL L L
EOWS 0 o eonnaena Pendlelons L. 0 L L

B B O o O I R S A B I

3

t Rxplenntion of symbols: Dorham eolor fest pecording to M, 8, Lowman and Howard A, Jotiest
warking independently: U=nu color; I=ntere Lrace (o very pale blug; 2=pmle blue; d=blue; A=cleep hine
S=durk Llue.

2 The effeels on Nius of tho extracl when used in 3 dilations are indlented 55 follows: —~ =nons killed in
exvess of control it dilution of 1 w 16; -+ =wmare Killed then by eontrel but less than 50 pereent killed In
dilution of I Lo 10; - =mare than att pereent killed 1o dilution of 1t 10; 4= =mera than 50 percent
killed in dilotion of 1 lo 25 4=t =morg thun 5 percent kilked in dilntion of L {o 50,
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Tanvy L—Comparative insecticidal velue of ranls af Tephrosie virginiena fron seri-
ous localitics as delermined by the Durham color lest and the Campbell-Sullivan
lest on fes, woing acelone exlracts of the air-dried rool, each cubic contimeler of

which reprosented 0.2 g of root-—Continned

State nml eonply

Virginie—Continued,
Rpotsylvanka .,

Culpeper, oL ..
Fluvannn. . .
Noelsonn. L.
Bedford .

31 T

Bo.o.o. ..
Montgamery .

Polnskl o 0 LI

Welhe . .

o ... . ... ..
Highinnd .. ...
Auppse
Shepanduai .
Happutnnock . o L

[ 3/ 3 .
Pinwiddie

North Carolin:
Lennir
Johnstan .. .-
Hargerr oo L,
Cuiberbami
Rersan
Craven ., .
Tenufory
Martin
ANorthiagen
Finlifux .

Woreen . .... .o .. .

Vamee .. .. L L
Franklin ... .
Wake .

.. .
Chattmin ...
Lve |
Mopre ..
Riclmaond ...
Ansan e
Egion - . .. L
CGuston.. ... ...
Clevelnd

WHatherford ... -

Polk.... . AR

Hendersuh
Hupcombe _ .
Do, ..
Swatn, .o ...

Jnckson_....
layweood . . . .
Meblowell. ., L.
Whotawn. . ..,
Caklwell | .
Cuiawhn,

Vo ... .. L.
fredell . ... ..
Forsyily ... ... ...
Stokes_._._ . ... ..
Ravkinghwm
Lnrnett, ..
Cuilford. .. .
Alntpaes,

Dao_.
Orange., .
Buarhiase oo

FLaoenlity

-t Frederiekshoeg,
Wikderness, .
Gordonsville

LA FITE 1L
Faork 'nion. -, .
Lovingsion, .
Hoodes. .. ., .
Bedilord. . ...
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oo L
MoeDowell o C
Wisl Attpusin,
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Srprevville
Aeissville |

I farson ..

» Kiaston, |

: Benithiflel) .
| Finn .

Fnyetieyville

Sping Pands ..
Vaneehoaro, L,
Woshington .
Williunstan.
Jaekson. . L.
Littietan . .
Norlina

1lenderson
Jouisbure R
S Wenelell, -

U Muorrlsvilke I
Merry (ks ., L

et
P Aberdeen. . o L.,

Widlesharn . .

A Moaroe.

b Cinstonin .

- Kings Munntein |

. Loke Laree

L Sahaln .
Hast Flal Rark |

Lhylamid .

Swannanon .

Whitiier ...

Dlitsiwro. .. .
Wayneswible |
Manon, ..
Rlowine Roek
Whitnel
Hivkary
Newtlan
Cutnwla, ..
Blatesville.
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i Walieel Crove
oo Woentwarth.
Afnsers. .
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1H)isbera. A
Duckinm, -

)

f

]

1 Hoekinghamn__ 0 ]
i .

t
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Linw Biver. o ... ..
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Tanre 1. —Comparative inscctictdal viluc of rools of Tephtrosia virginiana from viri-
ous localities e determined by the Durham color test and the Cempbell-Sullivan
test on flies, using acelone extracts of the air-dried rool, each cuble cenlimeter of
which regresented 0.2 g of rooi—Continned

State end cavaly

Labo-
rnlory
ne.

Laownlity

South Carolinn:
Murinn...

130,
Williwn

Colletaon
lamberg,
Crangelurg.. ..
Lexipglon,. .. ...
Newherry

J5.7 J
Laneaster |
Kershaw

Floreve o
Spariatinrge
Greenyille
Oeenee, .
Yivkens, . oL

Tennessce:
Washinglan,
awkins, ...
Knox..

[RIE+ HEH

Museogen
Clinrlion,
Ware.. .

Wayne

JeM Pavis.... ... .0

'elfair. ..
‘oo
Tattnall .
Evans......
Concller. .
Emnnuel

™

Jefferson ...
NMeDuflie.
Hiehwinond_. .
Clarke. .. .. .
Do . ...
T .
Fronklin .
Slephens
Tanberstuun
Ralp . o L
Cwinnel ...
Tawson ..
Phekens

Jrew 0T

Boo
Quorrlen .
Walker .,
Chuttoopn.. .

Pk, L

Calaly. .
Carrell. . ...
Cawetn
Clayton. .
Spmlliong
Tibh. .
Crisp.
Cook.....
Ly et .
Thomas. - .
[Mirehelt. (..

Jolinson Cijy...
.t Enrpakosville
- Kuoxville. . .

lasper L

U Carersville L.

I Macon .

!
t
t
!
'

Mullies ..
Maripn_..
Nemingway_.. . .
Kinpstrea. _.... ... .
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Walterhoro.
EhrhardL. .
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Batesinrg... .
Prosjerily. .
Whitmire.,. .
Janeaster, ..
Eovrsluw . .. ..
Bishwpvilte.

Sanrianburg, |
Greer o

Wayoross .
Jestn ool
Tazlehurst.
Meltne, ... . L.
Vidulin

linldsyville
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Mutter

Crarfield.
Swninshorg . .
Liotrisvile
Thomsan .,
Aupusin
Alhens . ..
Wintervillo., ...
Athens. _ .
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Lnwsonville

1Ine Ty

Calhoun

I lfayarie
Bupemerville
Cedariown

Austel]

'nrrollton

Newnan .. A
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Valdosin
Ihonmsville

CiCamlla., L.
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The restriction of toxicity to specific localitics is in accord with the
results of Jones, Camphel], and Sullivan (3}, who examined roots from
=z limited number of loealities, ranging from Maryland to Texas, 1§
also is supported by additional data obtained in 1938,

All of the samples {from the States north of Georgin were negntive
except two which were +.° Samples with a maximum toxicily were
obtained only from Texas, Only 22 percent of the samples from
Texas were nontoxic in comparison with 50 percent or more of the
semples from any other State.

Of 29 samples giving a rating of 2 by the Durham test {tubie 3), 16
were given & toxicity rating of —, 10 of 4+, mud 3 of + 4. Of the 12
samples from the States north of Georgin all except 1 were nontoxic
and all except 2 of the 13 that were rated as somewhat toxic {For )
came from the western section of the plant’s range. The data are
insufficient to pernit any conclusions, They suggest, however, thad
the color obtained with the samples from the States in the northern
section of the plant’s principal range was due mainly to the presence
of substances which give the characteristic color but which are mnch
less toxic than rotenone, wherens the samples from the southern
region contained o larger proporsion of the iantter.

Tantn 8.—Disirthution by Stales of samples of ropts of Tephresie virginiuna given o
color rating of 27 to show their velulive tozicily tn the northern and southern part of
the plant's principal runge

|
Bouinprles sl lng ‘ | Sninples shiwing
g pxkelty Laf - I: | g | txieliy 1 of—
Rewion and State “I:Ei";' — cir Regdon e State | lﬁ:'l‘l' — e
N I3
- . 4 ki : i . -l .
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Northorn: irer ber ber brr Sonthorn; .ty ber 4 ber
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Morth Corolinn. - . i 5 f Qklahomp, v, f 2
South C‘nm!inn...,] [V fR—— 1 Texas. ..o [ N ! 3
i V i .

{ For explanstion of symboels ste fookioles of wmide 1,

The data of table 1 have been brought together in lable 4 Lo show
the relation between the results of the toxieity and the color tests.
It is evident that the toxicily of the reots to fhies is roughly but reli-
ably indicated by the Durham test. This supports the results of
previous investigators, but with data on mnny more samples. This
correlation is of very great value in permitiing the color test to he
used as & quick method of distinguishing between toxie and nontoxic
plants in any investigations that may be necessary to defermine the
actun] possibilities of the plant.  Morcover, the color test may be
applied with reasonably reliable results to o small picee of root removed
from o living plant, thus making it possible to study more eflectively
t.Ille influence of vorious environmental factors on the toxicity of the
rlang.

! The total acetone extract of the rools upparenily varies greatly.
Sinee the roots were only air-dried and wot entirely free [rom mols-

§ For the explunnifon of this and olher symmhods ised Do indieste the toxicdty to fies and the degree of color
obtidned with the Daochatn tesk, ste foalnmde |, dnbie 1,
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Lure, the varintions in the amount of moisture present iy huve been

esponmble to some extent for some of the variations in the total
extract. However, these vartations were much too wide Lo bo thus
accounted for ompletely and they oceurred without any relation to
the toxicity or geographic source of the roots.

Tho rotenone content of a few toxic samples was determined by
Hownrd A. Jones, Division of Insecticide Investigations, Bureau of
Eniomology and Plant Quarantine. The data are presented in table §
with those for the color test and toxicity. They indieate only o gen-
ernl relation between toxicity, as measured, and rotenone content.
Thus, both samples rating 4 -4 lor toxicity hod less than 0.40 percent
of rotenone, wheveas the seven samples rating + <+ -~ - ranged from
0.79 to 1.80 pereent.  On the other imnd snmple no, 130, witl o
rotenone content of 1.80 percent, was rated a grade lower in toxicily
than no, 131, which contuined the snme percentage of rotenone, and
no, 351, with the suine toxicity rating as no. 130, contained only 0.25
pmcent of rotenone. The number of samples is too small to permit
any conclusions. Moreover, the method used ut the time the defer-
minations were made is now known to be unrelinble when the rotenone
content of the snmple is low.

Tanty 4.-—i userlicidal volus of ronds of Teplrosia nirginienn us lested with flies
i relation lo umlh with Hlﬂ r‘)n.r.’m w eolor fest of the ronls
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SURYEY OF 1935

The differences in the toxicity of the plants in 1934 and the fact
that toxic plants appeai~d {0 occur only in certain general districts
indicated that a similar but more detailed survey was nece-sary. This
was undertaken in 1935 with particular attention to (1) examination
of individual plants; (2) a critical botanical study of the specics
occurring in the South and Southeast, with special consideration of
the botanical variations in Tephrosia irginiana in relation to toxicity
and of the toxicity and possible eommercial value of other species of
Teplrosia; (3) a study of the relation of soil types to toxicity and of
certain sol and vegetative environments as a possible explanation of
varintions in toxicity; and (4) determination of the regions, if any,
in which commercial growing would be most likely to succeed.” The
areas surveyed are indicated in figure 1.

Seme of the root of more than 300 individual plants was tested, and
the soil and vegetative environments of the plants and their location
with reference to other tested plants were noted. Herbarium material
was collected and special attention given to the distribution of the
recognized forms of 7. wirginiana generally designated as the eastern
and western types. The species found, the number of each tested,
and the degree of color obtained wiih the Durham test are shown in
table 6. :

TasLe 6—-Number of individual planis of wurious species of Tephrosia giving the
sewerutl degrees of blue color sblained with the Durhaw test

i Plants | Dark | Deep Light | Pala . wa
Rpecics tested | hluo hlue Blue bilne hiye | Froce ceolur
s Nueanter | Nusher | Nusiber | Snmber | wmber | Niember | Nmherl N mber
o ambigue (M, A, Curtis) b ! a4 R b H
gt earpentert (Rydh) Killip. . 2
A chriaephplin (Parsh} 2. el 15
1, gracifiimg (Rohinsan) Killip, . ... 1
P hispidnds (Michx.) Pors. ... . h
A% smalfil (Vall) Robinson Y. . ... 5
T Aoefideny (Small) Standl. ... - i1}
2 findheimeri A, Qra¥.-.... . 5
% onabrychaides Nult....... .. - T
1. onobrychoides vor. fezanu (I yvdb.)
B ST T P 5
T apicnfa (Walt) I'orr. & Gray .. Az
I rirgiafana (L) Pers. oo U

TPLE, A *PL R B YHL2, 1.2, D,

Toxicity of the material collected in 1935 wus not determined by
biolegical methods. In view of the close eorrelation between the
results of the Durham and toxicity tests, however, the writers will
use “‘toxicity’” as measured by the Durham test, Thus, plants giv-
ing no color, a moderate blue, or a dark blue will be classed as non-
toxic, moderately toxic, or distinetly toxie, respectively.

DISTRICTS IN WHICH TOXIC AND NONTOXIC PLANTS OCCUR

The localities from which plants have been examined are shown in
figure 2. The extensive areas in which practically all plants are non-
toxic are not designated on the map (fig. 2) and may be referred to
conveniently as nontoxic distriets.

T T'he betaniesd sbielies were made by ©. Q. Torlanson, of the Division of Plant Explorpdion and Tniredue-
Lign, the el stidles by E. D, Fowler, nt that time of thin Livislon of Soll Fartility, The Durbam tests in

Texns and the Giull Stales were maude by G, A Russellynd in the rest of the area by 3L 8. Lown, hoth
of {i¢ Division of Drug snd Nelated Plants, all of the Bureaw of Plant Indusiey.
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Of ihe principal distriets, district 1 A, almost entively within the
Choctawhatchee National Forest, in western Floridn, extends about
25 miles from the eastern part of Santa Rosa County through Okaloosa
County into the western edge of Walton County and about 10 miles
from some distance south of the Yellow River to the Choetawhatehee
Bay. Tephrosia latidens occurs in thia district, but 7. virginiana has
not so far been found, Distriet 1 B is a.narrow belt in northeast Texas
extending approximately 300 miles from Luling in Caldwell County
northeasterly to Marshall in ITarvison County. Tt is wider in the
northern haif where it extends into Nacogdoches County to the cast.
The relatively small district 1 Cin northeast Flovida ineludes Clay
County and the western portions of Duval and Nassau Counties aud
extends across the St Murys River to Polkston, Ga. It is approxi-
mately 60 miles long and 25 miles wide.

Ono of the larger secondary distriets, 2 A, is located in southwest
Georgin, extending approximately from Adel in Cook County north-
westerly to Cordele and Americus, and including Albany, Sylvester,
and Tifton. Distriet 2 B i3 about 75 miles square, includes Newton,
Jasper, and part of Tyler Counties in east Texas, and exlends into
the western portions of Vernon and Benuregard Counties, Lin,  Dis-
trict 2 € includes parts of Washington, Austin, and Wuller Counties,
Tex. District 2 D consists of parts of Callahan, Eastland, Comanche,
and Brown Counties, Tex. District 2 I in north Texas Is very small,
incinding only most of Lamar County. District 2 ¥ includes most of
Joflerson, Steptens, and Grady Counties, Okla.

1f collection or cultivation of toxic plants is practieal, the principal
districts, one in northeast Texas, one in northwest Florida, and one in
northeast 1Mlorida, would he those in which it would be promising,
Even within these districis, however, there are many snll loealities
in which only nontoxic or mildly toxie plinis are found.  Individual
plants in certain localities and environments in the secondary districts
may be as toxic ns thase in the principal distriets.  Indiscriminate
collection of reots in the secondary districts, however, would vield
material ol little inseeticidal value beeause of the preponderance of
nontoxic roots. Colleetion in the nontoxic distriets would be futile.
Neither should its cultivation he underinken in these areas unfess later
experiments should develop methods for obtaining toxicity.

SPECIES OF NATIVE TEPH ROHLA

Acvording to Rydberg (7} there are 24 species of Tephrosie native to
the United States. O these, 21 occur east of the Great Plains, the
other 8, which have not heen examined, being northern extensious of
Mexican species into the Southwest. OF the 21 ecastern species §
have not been found north of Florida und only Tephrosia rirginiana
(pl. 3, s and B) ranges far from the southeastern part of the United
States, probably occurring in all States cast of the Great Plains,
The approximate northern limits of the range of nine species of
Tephrosra are shown in figure 3.

Allspecies native o the United States are perennial and herbaceous,
although in some the crown and roots beconte slightly woody. In
habit they are either crect, uscending, or procuinbent, never growing
higher than 2 to 3 fect. ‘The lenves are compound, of & varying num-
her of leallets.  The inflorescence is either terminal or lateral and the
flowers numerous or few, depending on the speeies. The llowers are
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usually yellow, but in some species are red tinged or whitish.  In some
species the roots become thickened and little developed, as in T'
hispidule (pl. 4, A), while in others the root system becomes greatly
developed, with taproot and long lateral roots 5 or 6 feet in length, as
in T. virgtniane. 1t is because of the long, tough, and flexible 1ateral
roots that this species gets its name, “dovil’s shoestring,”” Most of the
species are rather particular as to habitat, the widely distributed 7'
mrginiane heing exceptionnl in telerance.

Within the area examined 11 species of Tephresin were tested and
studied in addition to 7. virginicae (table 6), to determine whether
they could be eliminated from further constderation. Of these, 7.
latidens (pl. 3, ), o very close relative of T virginiana, showed con-

“sidernble promise.

'
]
| S
I
i
3
i

e ——————

T.AMBIGUA
T.CHRYSOPHYLLA

T.LATIDENS

T.ONOBRY CHOIDES VAR. TEXANA
. T.LINDHEIMERI

FIGURE 3.—Approxininte northern Hmits ol the range of nine species of Tepfirasin iv the eustern and soutl-
wistern Unlted Sldes,

The possible commercial usefulness of the several species must be
judged on the basis of their insectividal value and growth habits.
Only with 7% carpenteri (pl. 4, B) and 1" onobrychoides var. texane
(pl. 4, ) were the tests all negative, but very few plants of these
species were tested, and in some locahities it is likely that individual
plants of all species studied may contain some rotenone or relnted
substance in the root. 1t is unlikely, however, that any of the species
other than 1\ virginiane and 1" lelidens warrant further study as
practieal sources of insecticidal materizl from the standpoint of
toxicity, DBoth of these species, moreover, have sufliciently well-
developed root systems to promise {airly good acre vields of roots
under cultivation, To what extent this promise may be fulfilled will
depend, not only on the ultimate siza of the roots, but also on the rate
of growth, on which point suflicient information is as yet not available.
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In wddition to I virgindane and T latidens, T’ onolirychoides (pl. 4,
n, T. lindheimeri (p. 3, D), and T, enobry cham,des var. texenda ulso heve
reasonably well- dwelopcd root systems. Tho possibility of using
these and perhaps some of the other species in a breeding program
should be kept in mind,

The folinge of the several species in various localities also was tested,
but with negative results in all cnses,

One of the special objectives of the field study was to note whether
any correlution could be found between the varying taxonomie char-
acters in individual planis of 7. rirgindona and the presence or abhsence
of rotenone in their roots.  No such evidence could be found.  If the
capacity to produce rotenone 1s o hereditary charactenstie, there is
no oubtward manifestation by which it may be recognized,

DISTRIBUTION OF TOXIC PLANTS IN RELATION TO HOIL AND YEGETATIVE
ENYIRONMENTS

The possible relution of environment to toxicity in the plant roots
was studied in detail in all districts exeept secondury distriets 2 D,
28, and 2 F (fig, 2).
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The prineipal dota pmtulnmg to particulur situations that appear
significnnt in their indiceation of possible relationships between environ-
ment and toxicity are assembled o table 7. A typical soll profile
relation is illustrated in fisure 4. RKeference is to I virgtniena unless
otherwise indieated.

The principal districts producing toxic plants, designated 1 A Lo
1 C, have a largo proportion of toxic plants growing on the virgin
and normally developed surluce soils of the region. These soils wre
chiefly the more sandy types of the Norfolk and Blanton series. The
districts desighated 2 A to 2 F are considered sccondary districts
producing toxic plants., Of the plants exanined in these distriets
most of thic toxic ones grew in siluations or associations that do not
predominate in the loealities in which they are found. Toxic plants
are, therefore, exceptional rather than common. They occur in these
secondary districts mosily on solls of the Susquehannn, Tifton, Notr-
folk, Ruston, and Qrangeburg seties.
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TaBLe 7.—Dala on the general environments of ‘Tephrosia plants in a number of siluations

Laocation

County

Loeality

General soil type
in locslity

Species

Plant no.

Degree of color by
Durham test

Acidity of soil in
which plants
grow (pH)

General environments

Texas....

Anderson. .

Robertson.

llustrated in fig. 4.

1 inﬂe north-
west of Mont-
alba.

About 7 miles
northwest - of
Bryan.

About 714 miles
northwest of
Bryan.

Norfolk sand
(sandhill phase}.

Kirvin very - finé
sandy loam with
6-inch reddish-
brown surface
layer:

Norfolk sand

T, virginiana

No color..

Park blue.

SN s [+ JECHP

T. onobrychoides...

43A to 43G.

One  no _ color;
others dark blue.

7.0. at -3 inches,
6.7 at 7 inches.

6.2 at 1 inch, 4.6
at 8 inches.

6.7 at -2 inches,
6 5.5 at 6 inches.

.do...
Light blue

No color_ .
Light blue.

No color__
lue

Light blue. _..___.
Blue..

Vigerous plant on slope wherd
decomposed oak log provided
thick dark organic layer.

Lrwer down on slope from
no. 42. Thin organic layer
and generally lighter colored
soil . apparently  thoroughly
leached:

Down - _slope from no. 43.
6 inches. dark sandy layer
over light-gray sandy subsoil
and substratum.

On normal profile.

In bottom of cut ‘on_ditoh-
bank. Mixed soil conditions,
chiefly yellow, very  fine
sandy loam.

' Near no. 67, but growing on

matted red and gray subsoil
(predominantly red).

Young = plant growing on
scraped subsoil of the high-
way gutter.

Chiefly shales parent material.

4 inches dark gray, them 2
inches light gray, then clay
and shale,

Very little dark soil,

Root partly in old surface
below.

Sand dumrp; neutral reaction.

Virgin scii; nearly level, dark;
acid surface. -

Near no. 76; less: aclid and
lighter gray.

Similar to no. 77.
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TaBLe 7.—Data on the general environments of Tephrosia planis in a number of situations—Continued

Location

County

General soil type
in Jocality

Specles

Plant no.

Degree of color by
Durham test

Acldity of soil in
which plants
grow (pH)

General environments

Texas. ...

Florida..

Milam. .. .

Wilson

Okaloosa_..

About 434 miles
southwest. of
Gause,

Half mile south
¢f Quadalupe
County lne.

About 6 miles
northeast of
Fort Walton.

Susquehanna. fine
sandy loam,
nearly flat sur-
face but well
drained.

Kirvin stony,
sandy  loam;
high iron con-
tent; red shale,
sandstone and
iron crusts nu-
merous.

Norfolk sind; ex--

tensive, nearly
level and uni-
form area. ‘with
rather thick
growth serubby
oak.

T, virginiana......

OR[N

IR [ T )

«mwado

BSonisnaeinn

7.0 organic layer,
6.8 subsurface.

7.0 at 3 inches
(dark material),
7.0 at 6 inches
(lightergray
mnaterisl).

5.5 in clay

7.0 (dark lInyer),
6.0. (mottle
layer).

4.2 at 5 inches

4.5 (leaf litter)

4.8 at 0-3 inches
6.8at 3-48 inches
(loose yellow
sand), 6.8 at
48-60 inches (al-
most white,
quartz sand).

On road-cut face. Surface soil
alight yellowish gray, loamy,
fine sand with little organic
accumulation. Bubsoil Dre-

dominantly gray -elay, but
maatted with red and yellow
splotches.

Growing on the normal surfice
soil layer.

On mottled sandy clay layer
near bottom of road ditch
with 2 to 4 inches of slump
soil on top. .

On opposite slope from no. 86.

.{ On crest of hill.

On slope of hill about § feet
below crest.

At samealtitude as:no. 107,but.
in less stony soil with more
leaf litter.

About 35 feet down at base of
slope; in reddish stony sand
washed down from hill, but
roots grow . in .dark, sandy
surface soil of Norfolk sand.

Surface soil of pepper-and-salt
gray sand about 3 inches deep
underlain. by deep layer of
loose  yellow sand about
4 feet deep.

Growing: on_soil layer corre-
sponding to second -layer
mentioned above.
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Taverunn

Georgia. .

Suaiter.

134 miles north
of Americus.

Rustoun sandy
Toam (deep
phase).

T. virginiana.....

322

323..

324l

325

Ou slope in norma! surface soil
layer. ’

On. normal soil, but near
hickory bark under 2 large
oak trees.

On normal soil about 12 feet
from no. 323, but free from
tree-root influencs.

Along roadside where red clay
was thrown on normal sur-
face soil. Roots grew along-
side of roots of 1arge osk tree.
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PRINCIPAL DISTRICTS IN WHICH 'TOXIC FLANTS GUCUR

District 1 A is characterized by the uniformity of its soil and
vegetative characteristics with & corresponding uniformity in the
toxicity of the Tephrosia plants so far tested. It may be found later,
of course, that in this district plants with Little or no toxicity occur
in situntions where environmentsl factors vary from the average.
Nevertheless, it is belioved that on the whole this area is probably
the largest area of uniformly toxic plants. As previously stated, the
ﬁredominant species is T latidens, T. virginiane not occurring in this

istyict,

The soil is classed as Norfolk sand, although it is recognized that
the parent material is a comparatively recent deposit of the lower
Coastal Plain. Decomposition and leaching processes, therefore,
have not progressed to the degree that they have in the older geological
deposits in districts 1 B and 1 C or in the sand-hill section of Georgia
a?d the Carolings. This latter ares is included in those of nontoxic
plants.

This district is believed to offer promise for the commercial growing
of T. latidens in view of the extensive occurrence and the uniform
development of a soil which normally produces toxic plants on either
its surface or subsoil layers. However, more information is needed
regarding the toxicity and root growth of this species. Whether T.
girginiana can be grown in this district must be determined by trial.

In district 1 B it is significant that all toxic plants grew on & soil
classed &s Norfolk sand and in situntions where the surface soil had
not been disturbed in its normal development. On the other hand,

all nontoxic plants on this same soil type grew in situations where
the feeding zone of their roots was in soil from other layers of Norfolk
sand or in n decper less-ncid surface soil. This is illustrated in
fipure 4,

This correlation between soil environment and toxicity of the plants
occurred in several localities in district 1 B, namely, near Montalbas,
Stockdale, Bryan, Harleton, NacoFdochcs, Milane, and Winena, Tex.

The locality near Winena is locally known as Sandflat, within which
is a nearly level, quite uniform area of Norfolk sand. Most of the
tested plants from this sres were toxic in some degrec. Outside of
this erca, where low-lying ridges and knolls, shallow valleys, and
seepage spots occurred, more of the plents examined were nontoxic
or only slightly toxic. There evidently is some reclation between
environmental Tactors and the toxicity of the plants. Within the
boundaries of district 1 B are many thrifty plants growing on other
than Norfolk soils. Examination of such plants showed that these
are, as 2 rule, hontoxic, and that the ones that are toxic usually grow
on a substratum layer and not on the normal surface soil. These
soils are the same as those occurring in the secondary districts 2 A
and 2 B and in parts of the areas of nontoxic plants, chiefly members
of the Kirvin, Ruston, and Orangeburg series. They ere charscter-
ized by the red color of cither or both the surface or subsoil and by
their heavier textures. As a rule in these reddish soils less leaching
of soluble plant-food materiel has taken place. Such soils as these
oceur in close proximity to all focalities in which toxic plants occur
in district 1 B. They occur at Harleion, Nacogdeches, Sandflat,
Montalba, Bryan, and Milanc and also in the southern limits in the
district near Luling. :
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In district 1 C the plants occur predominantly on soils of the
Blanton series, but 2lso on those of the Leon and Bladen series. Thess
soils, like those in district 1 A, are developed from a comparatively
recent geological deposit of the lower Coastal Plain, but they are
apparently more thoroughly leached then the sands of that district.

he Blanton soils are light-gray sandy soils oceurring typically on
low-lying knolls within the so-called flatwoods of the lower Coastal
Plain., The Leon or Bladen soils are mors poorly drained and com-
monly adjoin the Blanton. Secrub oaks, some pine, wire grass, and
scattered palmefto are the common types of vegetation. On the
Blanton soile the oaks, and on the Leon and Bladen soils the pines
and palmetto, predominate. The probability that vegetative environ-
ment exerts some influence on the toxicity of plants in this district is
strongly suggested by the fact that a large number of toxic plants
were found to have their roots in contact with roots of oaks. Two
plants which were several feet away from osks and the roots of which
did not appear to bo in close proximity to oak roots were nontoxie.
However, in the northern part of this district near Folkston this rela-
tionship was not so common, and toxic plants were found growing on
the normal surface soil and also on the exposed subsoils.

BECONDARY DISTRICTB IN WHICH TOXIC PLANTS QCCUL

Many toxic plants oceur in distriet 2 A, but they spparently oceur
only in those situstions where some factor has prevented the develop-
ment of the normal soil profile of the region or where vegetative in-
fluences are apparently sctive. The former are chiefly eroded soils
or so-called bald spots, or they are exposed substratum layers occurring
along road ditches, stream banks, and railroad cuts. On the other
hend, when toxic plants are found on the normally developed surface
s80il they occur chiefly in those places where the plant roots are in
close proximity to, or in direct contact with, roots of other plants
such as oaks, hickories, or poison-ivy.

Observations on the apparent influence of vegetative environment
were made near Weirsdale, Fla. Thisis an arez of Blanton fine sand.
The surface of the soil was more or less barren except for the cover
provided by scatiered palmetto plants and a rather open foress
growth of scrub osk and scattered pines. Here 37 plants were tested
m a tract of about 2 acres. Only two of tlese plants were toxic.
One of these toxic plants had its roots in direct contact with the roots
of an oak tree. With this in mind, seven more plants were collected,
every effort being made to secure them from similar situations.
Although it was difficult to duplicate the exact environment in all
cases, 1t is significant that of the seven plants, five were toxic.

In district 2 A toxic plants were found growing on Susquehanns
clay and clay loam. This soil results from the removal of the former
upper layers of the soil profile, thus exposing the original substratum
Ieyer or the partially alfered parent material layer. As a rule, plans-
food elements in this layer are not readily sveitable, and, therefore,
plants are not commonly established on it. It is significant, however,
that all plants growing on the less-altered layer that were tested
were foxic in some degree, the degree of toxicity being less ir. those
plants growing in situations where o thin organic aur?ace layer and
one less acid had developed. On the lower slope of these clay knolls,
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where a definite surface scil layer had accumuleted, only nontoxic
plants were found.

In districts 2 B and 2 C observations suggest similar environ-
mental influences to those found in district 2 A. In districts 2 D,
. 2 E, and 2 F such studies were not made, but a knowledge of the
character of the solls in these districts, gained on other occasions,
leads to the assumption that toxic plants in these localities would be
found to be less common than nontoxic plants, and that they would
occur in situations similar to those in which they are found in the
other secondary districts.

In district 1 B near Milano, Tex., an example of conditions common
in secondery districts of toxic plants, but oceurring more rarely in a
principal district, wasnoted. Here plants varying in degree of toxicity
were located on the subsoil or substratum leyers of Susquehanna fine
sandy loam, whereas others Jocated on the normal surface of this soil
were nontoxic, This occurrence is contrasted with the previously
noted situation on the Norfolk sand in this district where the toxic
plants oceur on the normal surfece soil and the nontoxic plants on
subsoil or substratum.

AREAE OF NONTOXIC PLANTE

It has already been mentioned that in certain wide areas, with few
exceptions, only nontoxic planis are found. Within these sreas the
relatively few plants that were somewhat toxic in all instances were
growing on a deep substratum layer or their roots were in contact
with the roots of other plants. However, in the nontoxie areas, even
these environmental factors, which appear to favor the development
of toxicity in other districts, fail to produce any widespread or extreme
toxicity in any of the plants.

The arees i which Tephrosia virginiane is commonly found, yet
where it is rarely toxic, are the sand-hill districts of Georgia and the
Carolinas, the Gum Pond district of south-central Mississippi, the
southern part of Alabama, northern-central Florida, and parts of
Oklahomsa, Arkansas, Virginia, and Maryland., The soils In these
localities fall naturally into two general groups. The first consists
of the deep sands of the sand hills of the upper Coastal Plains oceurring
typiesally in the vicinity of Columbie, S. 8 The second group con-
sists of sandy loams or heavier types of more fertile soils chiefly of the
Tifton, Orangeburg, Ruston, Kirvin, Greenville, and Cecil series. In
general. theso latter soils are more abundantly supplied with all the
elements essentigl for plant growth than are the deep sands of the
sand-hill section or the sandy soils in the prineipal districts 1 A to 1 C.
Other soil types on which toxic plants have not been found in afl
cases are similar in character to one or the other of the two groups
mentioned.

POSBIBLE BIGNIFICANCE OF CBAERVATIONS

When detailed studies of Tephrosia species in the field were under-
taken, it was hoped to obtain definite information on the causes of
voriation in toxicity. No relation was found between toxicity and
noticeable varistions in visible botanical characters. On the other
hand, soil studies furnish indications that soil and vegetative environ-
ments pley some role in determining the extent to which toxic sub-
stances will form in the plant. Some evidence, also, was obtained
which suggests that genetic strains of 7. wvirginigna may differ in
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ability to develop toxicity. If strains are found which prove capable
of developing toxicity when grown on scils and under environments
that now appear unfavorable to the development of toxicity, then the
studies on environment naturslly become secondary. Kven so, certain
environments mey tend to make toxic plants more toxic, in which
csge an accurate understanding of such relations is of practical value
in developing possible commercial production.

In discussing the significance of observations, the writers wish to
emphasize that interpretations are tentative and thet subsequent
studies may change them,

Tephrosia virginiana. and T. latidens, and to & less extent other
species of Tephrosia, thrive on a large number of well-drained virgin
soils. They are rarely found in wet situations or on cultivated lands
and never on permanently waterlogged soils. Toxic plents of the
two species mentioned were found growing on natural undisturbed
surface soil only on sandy types of the Norfolk, Blanton, Leon, and
Bladen series. On the other hand, toxic plants were found growing
on subsoil or substratum layers of a much larger number of soils,
including not only Norfolk and Blanton soils but also Ruston, Orange-
burg, Tifton, Susquehanna, Luverne, Tabor, Crockett, and Alamance
series. In a very few instances foxic plants were also found growing
on the normal surface soils of the Ruston, Tifton, and Orangeburg
series. In such cases, however, either mixtures of soil layers or close
association with other plant roots altered the environment, so that the
latter was unlike that of the normal surface soil neserby on which non-
toxic plants were growing.

Soil charecteristics of the several habitats offer & number of intersst-
ing comparisons. The sandy soils of the Norfolk, Blanton, Bladen,
and Leon series are derived from comparatively recent geologicsl
deposits of the lower Coastal Plein, except that the Norfolk sand of
the sand-hill section is derived {rom an older geological deposit of the
upper Cosstal Plain. In the case of the more recently formed soils
of these series, toxic plants were found growing on the normal undis-
turbed surfece, whereas on the older soil of the sand hills, the plants
while growing extensively on the undisturbed surfece were, with rare
exceptions, nontoxic. This suggests that some substance absorbed
from the soil solution may be essential for the production of toxicity
in the plant. If this is true then this substance apparently has beon
removed from the surface soils derived from the older deposits hy
leaching and weathering and spperently is not available in sufficient
quantities to produce the foxic effect except in the less-altered layers
of the deeper substratum,

The fact that on soils such as Susquehanna, Tifton, Orangeburg,
and Ruston the toxic plants are, as a rule, found growing only on
exposed, bare, subsoil layers or on the deep substratum and not on
the more thoroughly leached surface soil layers may or may not have
similar significance.

The tenability of the above hypothesis is supported by the observa-
tion that in a number of instances plants growing on Norfolk, Blanton,
and Leon soils show more pronounced toxicity under certain specisl
environments. Proximity of the plant’s roots to other vegetation,
particularly oak roots, seems to have such effect. In these situations
the soil was more acid then elsewhere in the surface layers. Also, in
most instances, plants growing on the less-leached lower layers of
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these soils wers more toxic than those plants growing on the surface
goils, Where the surface =oil had been changed from acid to peutral
or glkaline through the decomposition of vak logs or the burning of
logs or brush or through other influences, either the necessary. sub-
stence was less available or conditions weére unfevorable in other
réspects becauss in such situations the plants were found to be less toxic
or entirely without toxicit{.

Toxic plants have never been found on Greenville, Blakely, Houston,
Cocil, Pheba, or any of the heavier and more fertile soils occurring in
the region where the plants grow, nor have toxic plants been found on
heavy soils with high iron content and high acidity, such as the Kirvin
stony clay loam. In these soils the degree of the soil acidity does not
appear to be related to toxicity, although in the case of soils where
toxicity does occur, acidity and low organic content are associated
with toxic plants.

Considering origin and composition, it is not reasonable to assume
that the soils that produce nontoxic plants are deficient in an element
which has lenched from the Norfolk sand of the sand-hill section but
which is plentiful in Norfolk sand of the lower Coastal Plain. Many
of these more fertile soils are derived from geological deposits similar
to those from which come the =oils on which toxic plants commonl
grow and should contin similar materials. It is assumed that if
such soils contain eny toxicity-producing substance that may be
coniained in the soils where pﬁmt toxicity occurs, then their failure

to produce toxic plants must be due to other substances antagonistic
to toxicity. On such a basis it might Le further sssumed the inhibiting
substance has been leached from the soils producing toxic plants.

Similarly it might be assumed that while the inhibiting substance
may have been largely removed from both_the Norfolk sand of the
sand-hill section and that of the younger lower Coastal Plain, the
substance essential for toxicity has also been largely removed from
the sand-hill section. On such a basis, toxic plants should be found
only rarely in the sand-hill section but quite commonly on the Norfollk
sand of the lower Coastal Plain. This is actually the case. Proof
of the theory rests on additional study.

The chemical analyses of the soils on which toxic and nontoxic
plants grow is naturally suggested as a means of determining which
eloments, if any, are responsible for inducing or inhibiting rotenone
production, but this is not a practical approach to the problem. All
observations suggest that, if any element plays such a role, it is
probably one that is present in very smell quantities. The soil
analyses would, therefore, have to be very complete and made on
meny samples. Sampling would be difficult because the roots usually
.extend considerable distances and frequently penetrate into several
soil strate differing in composition. The possibility that the elements
absorbed by the roots might give a clue has been considered but the
snalyses of the root ash of a number of toxic and nontoxic plants

.revealed nothing significant with respect to the quantities of the
more common elements present. Spectographic examination ® of the
ground roots of six toxic and six nontoxic plants also failed to show
any correlation between toxicity and the elements present, special

# Tho writers gratofully acknowladge the collaboration of 0, R. Wultapd E. H, Malvin, Burean of Chem-
fstry and Bolls, who made the anulysca.
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attention being given to those clements thal ore generally present in
small quantities,

GENETIC CHARACTER A POSSIBLE FACTOR DETERMINING TOXICITY

The fact that distinctly toxic plants of Tephrosie virginiane are
rarely, if ever, found in the northern section of the plant’s range
suggests that, in a broad sense, chimate may have some relntion to
toxicity, but cliinate cannot be a factor by itself becnuse toxie and
nontoxic plants occur side by side in some southern localities. The
possible effects of soll and vegeiative environment on toxicity have
bheen discussed. Another possibility is that the eapacity to produen
rotenone and related toxic substances i varying degrees is o genetice
character. It has been pointed out that toxicity apparently has no
relation o visible botanical characters, but toxicity, or the capaeity
to produce rotenone and related products, may be mherent in certain
strains of the plant and lacking in others. 1f the capacity to produce
rotenone is due entirely to such a genctie character and is not influ-
enced by other factors, sll the plants possessing such eharacter should
exhibit 1%, regardless ol the locality in which thiey grow, which is not
the case. On the other hand, If certain environments inteclere
with the performance ol this function, nontoxie individuals of the
same strain would be found in some localities.  The logieal approach
to an understanding of this question is to grow plants of known qualiity
in localities in which the guality of plants naturally oceurring there
kas been determined. In this way it may be learned whether toxie
plants from Texas can be transferred without eflect on their toxic
propertics to localities in the Southeast in which no toxic plants have
heen found. Also, it may be learned whether nontoxic plants from
the Southeast will remain so when transferred fo o loeslity in Texas
where toxic plants naturally occur.  Such experinents are under way
in several localities. If soif enviromment is the determining factor,
then the commercial growing of the plang must be restricted to certain
fimited areas unless some practical means of modifying such enviren-
ment is found. On the other hand, it a genetic factor is entirely
responsible for tlie variability in the plant’s toxicity its comnercial
culture may be possible in those regions in which the plunts grow
best and which are not well adapted to other crops by providing
planting stock of aceeptable quality, It is possible that both geneties
and envirenment are important factors and some evidence supporting
such a theory is at hand, but mueh additional study is necessary
before it may be accepted or discarded,

The highest rotenone content recorded in table f—numely, 1.8 per-
cent—was found in composite root samples from Tyler and Harleton,
Tex. Inasmuch as nontoxic plants also cccur in these districts these
composite samples undoubtedly inciuded some roots contuining little
or no rotenone and others containing a percentage of rotenone con-
siderably higher than that of the composite sample. 1t seems prob-
able, therefore, that by an examination of many individual plants in
such a district some would be found with a considerably higher rote~
none content than heretofore noted. Several plunts containing aver 3
percent of rotenone have airendy been found in the Sandfiné district
in Texas, and these arc being propagated. Whether such plants und
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those propaguted from thent by crown division wili bave un equally
high rotenone content when grown in other distriels Is not known, but
they can at least be used for gradually increasing planting stock and
thus provide the means for more extensive fietd experiments.

Preliminary experiments on the possibility of developing toxic
strains of Tephrosic have been undertaken. Unfortunately, howoever,
attempts to insure self-pollination by cnclosing plsuts in inseet-proof
cages were not successful, practically no seed pods or seed being
obtained. Further studies of eontrolled pollination are planned. In
the meantime, 125 plants from cpen-pollinnted seed from D purent
plants have been subjected to the Durham test, as have 20 planis
propagated by crown division from the sume parvent plants. The
results of these tests are shown in tuble 8.

Tanig 8.~ Hexnlts of the Durlinp test on plants of Teplirosio virginfona prapagated
Srom seed aud by rrown division,
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The plants from crown division tested in 1934 and 1935 were the
same so [ur as possible. Thus the three plants from 121 tested in
1934 were included among the four plants tested in 1935, The results
in these 2 years then indicate something of the variation that may be
expected in the suime plants fron year to year due either to environ-
ment, method, or both. Neverthcless, and in spite of the smaill nun-
bers, it appeats thak the variantion ameng the seedlings indicates hered-
itary varability in toxicity, Furthermore, the dats suggest (thougl
too meager to do more) that plants tending to he more toxic tend
also te have fewer scedlings in the slightly toxie or nontoxic groups
and thereby warrant further experiments along this line,

MISCELLANEOUS STUDIES OF TEPHROSIA VIRGINIANA

The studies that hiave so far been made and the results obtained
have naturally suggested numerous points regavding which informa-
tion is necessary, It is desireble to know to what degree individual
plants in & smail ares differ in toxicity, especially in a locality where
their commercial collection would he maost logieal on the hasis of infor-
mation already at hand, The distribution of the toxte substances in
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individual roots of varying size and in bhie seversl roub tissues must
be determined. Iuformation on toxicity in relution to the plant’s age
and to the time of the year when the roots are collected is important.
Considerable data on these questions already obtained will be pre-
sented here, but additionnl inforaation is expected to be developed
as the investigations proceed.

EXARIINATION OF ALL WILD PLANTS OF TEPHEOSIA VIRGINIANA ON | ACREIN TEXAM
To determine the varintion in toxicity of all individual plants of

wild Tephrosia rirginiana growing in a distriet in Texps where toxic

EFT) QLG ROADYWAT

L)
(TNl
A TO vOHOHA R RAT T3 SAMDTL AT ———r
@ OaRR BLOL OR OLCP BLyl Aot POCEPBLUE  (RBCLD “#LLIHT B0gL OR TRAZC CONn coLon

FiGrRe &, - -Fovicity of Individual plants of willl Pepiranin rirgintumg on | souare sere of Norfoll sand newr
Samdiing, Smibth Conniy, Tea., ns indisited by tho degroe of ealor obiaimed with tiw 1ichain test on
[OeRLOe extrncts of Lhe reols,

plants predominate and where soil conditions are reasonably uniform,
the roots of all the individual plants on 1 square acre in such u district
were tested. The soil acidity ub 3-inch and 6-inch levels under ench
plant was determined with the La Motte Duplex indicator and en-
vironments noted. The nacre selected is on a level tract, known
locally as Sandflas, between Lindale and Winona, about 6.5 miles
due north of Tyler in Smith County. The soil is classified as Norfolk
sand with the surface soil undisturbed in its normal development.
It was cut over some years age and now has a second growth, princi-
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pally of scrub oale with seattered pine,  Broomsedge, poison-ivy,
bulluettle, some yucea, and an oceasionul enetus constitute the snwall
vegetation. The plot has never been under enltivation but at one
time was pustured. Two hundred and twenty thrifty plants of
T. virgintana were found on this plot,.

The plants were dug in mid-September 1935. The roots from each
plant were dried, ground, and extracted for 7 hours with acetone and
tlie extracts made to volume so that 1 cc represented 6.4 g of the root.
These were then tested by the Durham method in several dilutions.
The data obtained are assembled in tuble 9. The loeations of the
individual plants in the plot and the degree of color obtained by the
Durham test on 0.25 ce of the acetone extract are shown in figure 5,
The tests were made at greater dilution than usual in order to differ-
enfiate between those samples that give a dark bluish-black opaqne
color when the test is made on extracts of greater coneentration, Ag
the dilution used thie most toxic extracts still give an epaque colar,
wherens those somewhat less toxic give & deep but transparent hlue.

TanLg b.—Degree of color obtained by the Durhom test on individuat panta of wild
Tephrosic virginiana on { acre 4o Hhe Sundflal disirict in Smith Cownly, Tex., and
the enviranment of suek planis
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TaBLE 0.—Degree of color oblained by the Durham fest on twlividual plants of wild
Tephrosia virginiana on 1 acre in the Sandflal distvict in Swith Cownd Y, Fex., and
the environment of sueh plants
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'l‘.:\l}l.k: S.—Degree of eolor obtuined by the Durham test on individuol plowis of wilid
Tephrosia verginiang on 1 acre in the Sundflal district tn Nmith County, Tex., vud
fhe environment of such plantys
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TauLe O.— Degree of color obtained by the Durkaw lest on Undividual plunis of wild
Paphrosie virginiana an [ acre tn the Sandflat district tn Smath County, Tez., and
the environment of such plonts
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Of the 220 plants in the plot, 11 were nontoxic and 83 were ineluded
in the group of maximum toxieity. Thus only 5 percent of the plants
wera apparently without toxicily, another 5 percent were priactically
so, npproximately 20 percent were of moderate toxicity, and almost
70 percent can he regarded as decidedly toxic,  As this small plot is
appavently {ypical of the level portions of the Sendflat distriet, it
seems reasonably certnin that throughont this district a similar pre-
ponderance of toxic plants occurs, and thaé cultivation of the plant
there will yield a raot crop of rood quality, There nre probably few,
il any, other districts of similar size where plants of this species with
roots of equal quality cun be Tound in such proportion,




32 TECHNICAL BULLETIN a0 S0 DREPTD OF AGRICULTURE

An inspection of ligure 5 suggests that the planis arve to some extent
rrouped with respect to location and toxicity, although this indication
is hardly definite enough fo be significant, Thus, in the lower-left
corner there seems 1o be o preponderance of toxie plants; in the upper-
feft corner is o much smaller proportion of such plants; whereas, in
the right center medium-toxic plants predominate.

No correlation ean be noted between the toxicity of the plant and
the acidity of the soil. Eight plants grew on soil the top layer of
which was practically nouteal (pH 7.0 at 3-inch lovel). None of these
received a color rating below 3 nud only three of them s rating below
4, using 0.25 ec for the test. These may bo compared with another
group of eight growing on very ucid soit (pIT 4.2 to 4.7 at 3-inch level}
which ulso meluded none with a color rating below 3. As evidence of
the upparent lack of correlation between soil acidity and texicity in
this locality, none of the 11 plants giving no color nor of the 11 giv-
ing only u light blue or trace is included In the two groups mentioned
growing respectively in soils of maximum and minimum acidity at
the 3-inch level. The 15 plunts that ranked highest in toxicity grew
on soils showing a plf vnlue ranging from 4.7 to 6.7 and from 4.5 to
6.7 ab the 3-inch snd 6-inch levels, respectively. The 11 plants that
gave no color, even with the concentrated extrnets, grew on soils that
st the snme two levels ranged in pB value from 5.4 to 6.7 and from
5.2 to G.5, vespeelively.  Although no significant evidence of correla-
tion enn he found in these several comparisons, it eannot bo held thas
no relation beiween sotl acidity and toxicity exists under all condi-
tions, In fact, rather definite indieations of some relation between
the two on some soil types hiave already been veferved to in a preceding
section.

The relative toxicity of plants growing close together should be
especially noted. Tt is shown in table 9 that the three plants 82-1,
§2-2, und 82-3 guve identical results with the Durham test, and the
same was practicelly true in the case of plants 130-1 and 130-2.
However, plants 134~1 and 134-2 differed somewhab in that respect,
and in the case of plants 84—1 and 84-2 one gave about the maximum
blue eolor and the other gave no color. This is an extreme variation
in ndjacent plants that is no doubt unusual, but if a suflicient search
were male similar instances could probably be lfound in localities
where Loxic piants occur,

HELATIVE TOXICITY OF THE I'RINCIPAL PATRTS OF THE PLANYT

Phe writers and other investigntors have found that in Fephrosia
pirginiaaa the toxie substanees are located mostly in the roots, and
that 1o other part of thoe plant is of value for insecticidal purposes.
The herbage has heen repentedly tested with negative results, Posi-
tive resuits huve been obtained with the seed in the few tests that
have been made, even in the case of plants growing in Virginia the
roots of which were entirely lucking in color-giving substances,
Further investiganfions on that point will be made as opportunity
nffords, but the seed, regardless of its toxicity, has no commercial
possibilities ns an insecticide.

On soveral oceasions the Durham test when applied to more than
ona pieee of root lrom the same plant has given dillerent results, sug-
gesting that not all parts of the root system of an individual plant ure
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equully toxic, bui in such instances the tests were not sufliciently
guantitative with respect to the amount of material used to be
especinlly significant,

The question of the distribution of the toxie substances in the
vurious parts of the root system is impartant in connection with the
testing of a living plant by using a smull portion of one of its routs
without disturbing the plant’s growth; a procedure that, il relinble,
is exceedingly usotul for mnking sucecessive tests of the sate plant as
it grows wlder and larger. 1t is also uselnl in making selections and
in connection with numerous other steps necessary in studying varis-
tiens or changes in toxicity resulting from lknown and eontralled
conditions.

In 1935, five plants grown under cultivation at Milano, Tex., woere
separated into their several parts and tested with the results shown
in table 10. The leaves und stems gave no color.  Plant R=1010 guve
negative results throughout. The crown and (ibrous roots of the
others gave a_trace or light-hluo color. The upper part of the tap-
roots in two instances gave as much color as the remuinder of the
root system and nearly so in the other two enses. The important
point is that ail the roets from an individual plant give the sume
degree of color regardless of their dinmeter. 1t may reasonably be
concluded from this that the toxicity of a plant, so fur ns this is
indicated by the Durbam test, can be determined by applving this
test to any part of the root system, and that the result obtained with
1 ]Hmnll picee of root is indicative of the quality of alf the roots of that
plant.

TawLe 10~ Compurizon af the resulls oblained with the Durham test on various
pirts of G plants of Tophrosia virginiane
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HELATIVE TOXDTUTY OF THE RARK AND WOOD 0l THE HOOTS

it is important to know in which of the root tissues the color-giving
substances are located, heeause the aceurney of the Lest when used in
the field must depend greatly on the method of obtaining the sample
of shredded root unless there is u uniform distribution of these sub-
stances. Five cultivated plants of Tephrosio virginiena from Milano,
Tex., were dug in the fall of 1935, und in ench ease the root bark was
removed by curcfully scraping it from the wood. The bark is very
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thin and represents only a siall portion of the weight of the root.
The bark and wood were thoroughly sir-dried and the wood groutid

to the extent necessary for extraction with acetone. The bark was
obtalned in such condition when it was scraped from the wood that
grinding was not necessary. Both materials were extracted with
acetone for 7 hours, and the volume of the extracts so ndjusted that
1 cerepresented .4 ¢ of the material.  These cxtracts were then tested
in o number of dilutions. The resuits are shown in table 11, The
same five plants had been tested in the full of 1934 by using & small
picce of root from ench and scraping enough material from it for a
field test without guantitative C‘\tlit(‘tlml Phe restilts of those tests
are included in the table for comparison.

Tanns 11— Results oblatned with the Durbam test on the hark and wood of the roots
af seperal plants af Tephrosin rirgivinna

Degree of colnr ! obtained by wsing scetons extrects Tod thie rond bark sl root
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3 These tests fn 14 were nnude bn thic skl on materin) seraped toon the routs with o keife.

It is obvious that practically sll the color-giving substances are
located in the wood. In fact, the small amount of color obtnined with
the extracts of the root bark may have been due to the particles of
wood that were undoubtedly included with the bark because a perfect
separation is impossible with the method used.®

The almost total absence of color-giving substances in the bark of
the Toots suggests at once that field tests “mude by seraping the root
mey give imsleading results unless the sample secured consists of
bark and wood in approximately the proportions in which these occur
in theroot.  Merely scruping the root’s surface would furnish a sample
contrining more than the normal proportion of bark, and for that
reason would give less color than the root s a whole would give.
However, H a piece of root is scraped or shredded completely the
sumple obtained is undoubtedly representative of the whole voot.
Inasmuech ns the bark contains practically no color-giving substances
and represents such a smull proportion of the root, it is only necessary
to rvoid using largely surface serapings in order {o get & true indica-
tion of the reot’s value. In the case of the lust three plants in table
i1, the results obtained by the ficld tests in 1934 are in accord with
those obtained by the more guantitative tests in 1935. The sceond
plant, which gave negative tests with the bark, contained so little
color-giving substances in the wood that o field test would very likely
be negative as was the case in 1934,  The first phmt, however, when
tested in the field in 1934 should have given a result equal to or better

§ Sinee this prper was submitied Worsiey nnd Nutunn nve reperted think in Derris effipticn ronls inoro
Lhan & weeks nld the rotenons oeeurs throuphont the xylem, parenchyma, ainl vortex, WousLey, B, I, Le

Q.o Nutean, FoJ. GHCUEMICAL STUDIES OF DERRIS ARD MUNDULEA, [, THE TISTOLOGY OF HOTENONE
IN DXHRIY BLLPTICA, The Anpads af Apniled Bisloey, Vall XXV, Noo4 Nov, V0T g 606702, Blias,
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than that obluined with the last three.  In this esse, the Lest made in
1934 was probably performed with insuflicient care, with the resul
that mostly bark was used.

TOQXICITY OF THE CULTIYATED PLANTF OVER A 1.YEAR PERIOD

The changes taking pluce in (he toxicity of the growing roots of
Teplrasiv virginiane from year to year have a direct besring on the
cultural methods to be followed.  Thus, if it 1s found thiat the quantity
of toxic substances present declines as the plent gets older, the roots
should be harvested necordingly, wherens, if no changes occur in this
respect, or if the quaniity of these substances increases with the age of
the plant, harvesting may be deferred in necordance with other con-
siderntions. This question involves not only changes that take place
from one season to anvther but variations within a season. Biologi-
cal tests of the roots Trom individual plants from suceessive yenrs
have not heen made, but sote data on the nmount of eolor-giving sub-
stances preseut [rom year to year have been obtained. Tt is recog-
nized thut changes in toxieity (aking place as the plants get older would
not necessarily he revealed by (he Durhinm test nnd that this test
though adeguate 1o indieate fairly pronounced changes in toxicity
ennnot e relied upon to do more.

A number of plunis in the celtural plot established by Little were
tested by him in 1932 with the Durham test and were made available
for further testsin 1933 and 1934, Beveral pieces of roots taken from
ench plant without disturbing their growth were extracted with ace-
tone, antl the tests made on these extracts. The eight plants under
observilion gave the same results in all 3 years. Two of the plants
girve only o trace of color, four a light blue, one a blue, and one a dark
blue.  Although the data so Tur obtained ure Hmited, they indieate
that these eight plants growing under the prevailing conditions under-
went no important change in 3 years insofar as their quality may be
jndged from the Durham test.'

STARILIFY OF THE COLOR-GIVING SUBSTANCES IN THE GROUND KOOT

Iu connection with the tests of the same individual plants in several
suceessive years, it was possible to make some observations on the
stability of the color-giving substances present in the ground root,
Thoe surplus material from these tosts was stored in the ground con-
dition in cork-stoppered jars in subdued light and portions of it tested
with the Durham test from time to time.  The sumples from the 1933
lests were examined after G-, 18-, and 24-month intervals, and those
from the 1934 tests after a 12-month interval,  1n all cases 1he results
were the snme as in the initial test in 1933—namely, two plants gave
a trace of coler, four a Jight blue, one a blue, and one o dark blue.
These results indieate that the totul nmount of color-giving substances
in o somple of ground roots kept under the conditions deseribed re-
mainsg unchunged for at least 2 years, Biological tesls or rotenons
determinations are necessary to secure aceurnte informition concern-
ing the extent to which conditions of storage allect tho quality of the
root.

CULTURAL EXPERIMENTS

In midsummer of 1934 Little’s experimental plot near Milano, Tex.,

with additional band totaling nbout 5 neres, was included in Lhe projeet.
19 iy secn red Binee this puper wis s hmitbed imdiva e Qe i some loeplitios considerabile elunges in Chis

restheet peens Toiodividead plats Dome s year Lo anoblee sl seepest thoat sesonal snelndans By tezieity
iy Le vonsiderulde.
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of the Department under the cooporative ngreement with the Texos
Agrienltural Experiment Station.!  On this acrenge Tephrosie virgini-
una is being established as rapidly as good propagating material ¢can be
secured (pl. 3, A4). The major portion of the field will be devoted to
experiments on cultural practices, harvesting, yields, production costs,
ete., while other portions are being used for miscellaneous tnvestign-
tions pertaining to the relation of various factors to toxicity, studies
on heredity and selection, and for trinl plantings of other species of
Tephrosia,

The cultural experiments will be condueted mainly on the Milano
plot, but, as has already been mentioned, plantings are also being made
in other localities, and exchange of planting stock between these and
Milane are expeeted to furnish information on the significence of
various factors concerning growth and toxieity, At the Plant Intro-
duction Garden of the Bureau of Plant Industry at Glenn Dale, Md,,
seedlings of the western type of Tephrosic virginiana, grown from seed
[rom toxic Texas plants, have been planted as well as seedlings grown
from seed of nontoxic plants of the eastern type of the species from
sotthern Virginia. Crown divisions of T. lufidens [rom western
Florida were also planted there in the fall of 1935. Facilities for
similar exporiments have been provided by the Georgia Coastal Plain
Experiment Station at Tilton, Gn., and the Sandhill substation of the
South Carolina Agricultural Experiment Station, Pontine, 8. C., the
former being in one of the secondary districts of toxic plants and the
Intter in a district whore the wild plants are abundant but nontoxie.

The wide distribution of 7°. lutiddens in the Choetawhatchee National
Forest in western Florida has been reforred to (p. 14).  Inasmuch as
this species appears to be uniformly toxic throughout this district and
the soil is also very unilorm, culturnl experiments were undertaken
through the cooperation of the Forest Service and with the assistance
of District Ranger H. A. Snyder in the orest near Valparaise, ¥la.
In November 1635 nmd Mureh 1936 plants ol T, wirginione from
Texas and Virginia and plants of 1" lutidens obtained locally were
planted. Through these several exchanges of planting stock, it is
hoped that some of the brosder problems of the project may be worked

out.
PROVPAGATION

According to present information 7% rirginiana may he propagated
from sced and by erown division. Both methods possess some nd-
vantage, but which one should be recommended will depend largely on
the circumstances, and a detailed study of the various factors involved
is being made. Little (8}, from his experiences with the propagation
ol 7', virginiene, points out that (1) the easicst means ol propagation
is by seed; (2) secd i3 frequently very searce due to the ravages of
inseets that destroy it or the bloom; (3) the germination of the seed is
improved by treating it with sulphuric acid; (4) the crown may be
divided into several portions with roots attanched and these planted;
(5) the roots alone are worthiless for propagating; (6) propagation [rom
seed is cheaper, but propagation by crown division produces larger
plants in & given time; and (7) the plant grows much more rapidly
under cultivution than 1t does in the wild state,

The damage done to the flowers and seed of Fephrosio virginiana by
various insects, which appears to be general throughout its range, i3

W S ftnale 2, w1,
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exiomded over 10 weeks,
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of muel Importance in connection with the cuommercial cultivation
of the plant. Yip (8) has made a study of the dumage done by
insects to the seed of 7. virgindana. It is reported that in Texas the
flowers are attacked by blister beetles, and no doubt this is also the
case in other locelities where the plants fail to produce flowers.
Weather conditions may salso have an mpoertant effect on the flower-
ing. In Texas the loss of flowers appenrs to be greatest in wet scasons.
In the case of T. latidens in 1935 in the Choctawhatchee National
Forest the flowers were either destroyed or their development pre-
vented by some agency to such an exten$ that only two or three plants
with pods could be found during a day’s search. A large commercial
planting, if such were advisable at this time, would have to be de-
veloped slowly because of lack of seed. If the plant is to be grown
commercinlly from seed some practical means of controlling such
insects in fields of the cultivated plant may have to be found.

Treatment of the seed to improve germination has so far been
confined to the sulphuric acid meshod described by Little (8) and
found advansageous in that it hastens the germination and increases
the number of seediings obtained. The seed is subjected to the action
of concentrated sulphuric acid for about 15 minutes, the acid is
drained off, and the seed is repeatedly washed with water and then
dried. With this treatment a germination of from 70 to 90 percent
will be obtained with seed of good quality in several weeks., However,
much of the seed collected includes & considerable proportion that is
not viable from one cause or ancther, hence the percentage of germina-
tion would in most cases be somewhat lower than the figures given.
Other methods of treatment may be equally or more cffective in
improving germination. The usc of searifying devices, such as are
successfully used for some other hard-conted seeds, was tried on o
small amount of seed and found to have possibilities.

Seedlings may be grown in pots, in scedbeds (pl, 5, B), or directly
in the feld. Tield sowing appears to be quite satisfactory so far as
the growth of the scedlings is concerned, but it is subject to the usual
hazards whichk may result in an incomplete stand. This method
involves less expense than growing the seedlings in pots or seedbeds
with subsequent transplanting and may be found practical on a large
seale, it the seed are sown thickly enough to allow for losses from
various causes. '

Propagation by crown division as described by Little (8) produces
larger pinnts In a given timo but is move expensive than propagation
by seed directly in the field, and calls for » large quantity of initial
propagating material. Recont experiments have shown that pro-
pagation by crown cuttings may be feasible. This is actually a form
of crown division but makes it possible to secure a great mMany more
new plants from one individual. The crown wood 1s cut into small
pleces, which make excellent young plants with a good root gystem
i a comparatively short time. It is not necessary that any roots be
attached, In one instance a piece of crown wood 2 inches in length
planted in a pot in the greenhonse in May, produced by October »
fine plant with 15 inches of top growth and four principal roots from
8 to 10 inches in length with many branches, Tt is estimated that o
3-year-old plant would furnish material for probably several dozen
such cuttings. Experiments are under way to determine whether
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such cuttings may be placed directly in the field with equally good
results. This method is particularly considered in conncction with
Tephrosia latidens, the widely branched crown of which would perhaps
lend itself well to such purpose. An observation made in the Choctu-
whatchee Forest {urther suggests thatsuch amethod may have practical
possibilities. A tract of several acres typical of the forest as u whole
on which pire seedlings were later planted had been thoroughly worked
over with heavy implements including disks that chopped most of the
small vegetation, including 7' latidens, which was present in consider-
able abundance, into small fragments, Later it was observed that
numerous small plants of ths latter were growing all over the teact.
These had the appearance of seedlings but had developed from pieces
of crown wood. ~ 1t may be feastble to chop the branching crowns into
small pieces and scatter these in rows or broudeast thern in suitably
prepared ground. Tt is quite likely that the crown of 7' wirginiunc
cein also be utilized in that way, though it is probably less well adapted
for the purpose. Speeinl attention is heing given to the possihilitics
of this method as a means of expediting the propagation of thuat
species,
SUMMARY

The discovery by Little and Clark that the roots of the devil's shoe-
string, Tephrosia wirginiane, a native legume, possess insecticidnl
properties and contain rotenone in some cases suggested a study of
the commercial possibilitics of this and other native species of Te-

hrosie. Their cultivation as a commercial souree of an insecticide
in the South and Southeast, where they are widely distributed, would
provide & new crop for those regions and at the sume time be a forward
step in_the search for insecticides harmless 10 man and animals
Cultural experiments were therefore undertaken at Milano, Tex., in
cooperation with the Texus Agricultural Experiment Station, with
minor experimental plantings at the Bureau of Plant Industry’s
Arlington Experiment, Farm, Arlington, Va., snd Plant Introduction
Gurden at Glenn Dale, Md., at the Georgia Constal Plain Experiment
Stution, Tifton, Ga., the Sundhill substation of the South Carolins
Agricultural Experiment Station at Pontiae, 8, €, and in the Choe-
tawhatchee National Forest newr Valpoaraise, Fla.

In 1934 composite root sumples of 7' virginiena were collecled in
many locadities from Maryland to Oklahomu and Texas and rom a
few localities outside of that general region. Acetone extrncts of
these snmples were tested by the Durham color test to indieate roughly
the amount of rotenone and related substances present, and their
toxicity to flies was determined by the Bureau of Entomology and
Plant Quarantine. The results indieated that: (1) Plants from all
but a few restricted districts are Incking in insecticidal value; (2) toxic
plants are found almost exelusively in the region extending south and
west of eentral Geeorgia, in northeast Florida, and in northeast Texas ;
and (3) the Durham color test, which is easily made, gives » reasonably
reliable indication of the plant’s toxicity to {lies and is, therefore, un
excellent mesns of determining the value of plants rapidly in the field.

More elaborate field studies in 1935 confirmed the conelusion that
the species is toxic only in a few relatively small districts in Texas,
Florida, and Geurgia, the location and size of which are deseribed.
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Twelve of the seventeen specieg of Tephrosia occurring in the South
and East were studied with regard to their taxonomy and toxicity.
Judged by their insecticidal properties and their favorable growth
habits, T. virginiane and 7. lotidens are the only species of immediate
interest, but several others should be further investigated. T latidens
is abundant in the Choctewhatchee National Forest in the western
pars of Florida where its toxicity is quite uniform. This fact and its
growth habits, which are advantageous in propagation, suggest thut
it may have commercinl possibilities.

The soil and vegetative environments of toxic and nontexic plants
of the two species mentioned were studied in many localities with a
view to finding some correlation between soil types and the toxicity
of the plants. These studies were inconclusive, but the observations
made and their possible significance are discussed. Some chemical
analyses of the root ash and also spectographic analyses of the ground
roots were made.  The limited data obtained do notindicate s definite
relation bedween the inorganic eonstituents and rotenone content of
the roots,

No rclation could be observed bebween aay botanical charncters
amnd the toxicity of individual plants of 7. virginiene. The eustern
and western types of this species, though quite distinet, are both
subject to wide vartations in toxicity.

Data have been obtuined suggesting that the eapacity of several of
the speeies to produce rofenone and related toxic substances is &
genetic character, and that a variety or strain of greater insecticidal
value than any thus far observed may be developed by selection and
breeding. There are indieations, however, that such a character is
subject to modification by environment.

Miscellaneous studies of Tephrosia virginduna furnished the follow-
ing information: (1) More than 200 plants growing on 1 square acre
in Texas varied greatly in toxicity as deternuned by the Durham test,
individuals growing in close proximity fo one another showing, in
severs] Instances, o wide difference in this respect; {2) the herbage is
appurently always nontoxie, the seed is sometimes toxic, and when the
rools are toxic they appear to be uniformly so, without regard to size,
and the toxie substances are present in the weod of the roots rather
than in the bark; (3) toxic plants apparently remnin so in successive
veurs if environments remain unchanged; and (4) the color-giving
substanees in tho ground root properly stored remain unchanged for
some time.

TFor the principal cultural studies the originel plot at Milano estab-
jished by Little has been enlarged and plantings are being inereased
to about 5 ncres. Here methods of propagation, cultivation, and
harvesting are being determined as rapidly as possible and data ob-
tnined on yields, production costs, ﬂ.ncr the general economic aspects
of the project. Exchanges of planting stock are being made hetween
this plot and the smaller ones established elsewhere in cooperation
with the several agencies mentioned to note the effects of environment
on growth and toxicity and in connection with efforts to improve the
toxicity of the plant in degree and uniformity by sclection snd breed-
ing. To study the possibilities of 7" latidens ss » cullivated crop, a
eultural plot has been established in the Choctawhatchee Nationsl
Torest in western Florida.
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