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INTRODUCTION 

The increasing demand for insecticides nonpoisonous to man for 
cont.rolling insects on food phmts has intensified the sl'tlrch for sources 
of such materials mllong the plunts of the world. 'fhe usc of )·otenone 
and rotenone-contnining produl'ts obtained ('ommercinll~r from severn 1 
species of Derris and Lonchvcal'p1lS is perhaps the bl'st example of 
the practicfl,l utiliZ!Ltion as insecticides of plants used as fish poisons 
in tropicfll countries. The SUccess thnt hus attended the introduction 
vf these insecticides hus encouraged senreh for other spedes containing 
the same compounds in greater qunntities 01' otlt(>r RHbstanc~s of 
equal or grenter toxieity t.o insects but lUlrmless to mnn an(ll1niml1l. 

Rotenone so fnr has been found only in members of the family 
J.Jeguminosae and to date in six gener:\, in that family, llamely, Derris, 
L01l('hocarpus, }'1Wlli'IJ.lea, l\filleUia, Sl1atholob1f,.~, and l'el)/il'osiCL 
(Gracca). All six guwm nrc widely distribu ted in the Tropics, 
hut only one, l'e.plirosia, hns J}. dist.rihution ('xtending into temp('rnte 
regions :mcl is to bl} found in the Lnitccl Stat.eR. Little (5)4 reported 
in 19:n t.hut the root; of '1'ephl'osia l'irginiana I.., oecuning in eastern 
Texas und commonly knowll as "dcvil's sho('string", hn(l inseelicidlll 
properties. Clark (1) subsequently isolated rotenolle nnd related 
compounds from t.he root.s. Th('sc fimlings sllgg('st('(l thi1; speries, 
which is widely distrihll (pel through the SOllth('aRtern and Sou thern 
States, us a. rpndily Hynila ble rotenone-contuining plan t with pro
noullced inseetieidnl properties. 

The deyil's shopMring, nlso known by- such oihel' nnmes as rabbit 
bean, gonts' 111(', ]lOllry 1>NI, und turkey pell, "'IlS w('ll known to i;lw 
Americun Indians who used the roots 'as a vernufllgc ancl for other 
medicinnl purpoReR. They tIso utiliz('(l the root for poisoning fish, 
a practic'e thnt wns nppal'('Jltly handed on to white, settlers in rE'gions 
where the plnnL Will'; ti1lfficirnt.ly toxie for the plll'pORe. J{oal·k ~ lH1s 
summnriz(>d tIl(' plIbliRhed IH'C0111ltS <'Ol1('(>111ing t.hese early lI!')es as It 

]'nedicine nnd fish poiRoll, hut TPporls no rden'lH(1) to the jnsectieidul 
J)1"oj)('rtiC's of i U; TOOLS prior t.o the pu hlieHtion of Little's work. .Tones, 
Cnmpbpll, 1111ll Sullivun (8), on the basis of t.heir illve:-oLigntiol1s, point 
out that tll(', rot;molle eont·Pllt of t.he snmplt,s of native spl'ciE:'s of 
Tf'phrvsia, eXHminC'd hy t.II('111 nrc ]lot 011 n, pnl' with that of derris 
(Derr£s sp.) lllHl rube (Lollclwcarp1l8 nicO'lt (Allhl.) DC.) llOW IIYllilM 
able, but suggest t·hut 11Iore t.oxic indi\'idmlls of HJ('se species may be 
found and thnt the Tot.el\(me cont.ent muy perhaps be increHsctl by 
selection, brecding, nnd ClIlt.iVi\,tioll, 

The work on deyil's shoestring 11('ro (/Pseribed WliS 1lI1dertnkcll: 
(1) To determine the general distribution of J'e]Jhrosi.(l, l'i7'{linianrt, Ilnd 
other nntive domestic speciC's, their reillt.i\(\ toxi('it~y, nnd the relation 
of to).;city to geogl'uphic source; (2) t.o determine. what fudol's nrc 
responsible for the w1(le diHcrenct's in the eontC'nts of rotenone und 
other toxk substnnces; (3) to increasc(,hc :tlnount of i,oxic mnt.erinl 
in t;11C roots by seledion Ilnd breediJlg or othe)' meUJlSi Imd (4) to 
study the ('ultuml r('quirements of the pllllli; llnd deiprminc the cost 
of its cultivation and its erop possibilities in gencml. TIllS bulletin 

( liuli& JltlJllht'rs in nnrenlh(l<;(\S' rdt'f to LUI rtltUfj' C'itl'd. p. ·IO~ 
6 HOAHK, H. ('. U..;\'U/5 SIiOESTIU~n (Cr"(,C'fll'irviniILlItJ I..' A JlOT";:':TIAI. SOl Ilr ..~ Ot' HQT}O;NQNl-: ASD nK.. 

I,ATlW INSErTIClln:H. r. !i. Bur. Ch"IIl. and Hillis, 19:14. lMil1w()~mJlhl'd.J 
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reports the results of field suryc.yr; and of SOllW of. the llIisc('llullcOU5 
studies completed in connection with cultural studies that arc under 
wny. 

DESCRIPTION OF TEPHROSIA VIRGINIANA 

1'ephl'osia. t'il'lli.niaJl,(I. is n, hel'buceous })erel1uiul gl'o\\-ing to a, heigllt 
of 1 to 2 i'cct ,vith erect stems, which nre lenfy to tlll'ir 1.0pS with 
compouncllenyes mnde up of llUmel'OUS llnlTOW-elliptic !PH flets. 'rhe 
flowers, which appcul' in J\Jny nllcL June, nrc comparatiyely lurge and 
numerous, n, d1.111 yellowish w1Jit,e in color with purple murkings, and 
nrc Hrranged in n, terminal cluster. The fruits arc hennlike pods 
about 3 inches long, whidl nOl'lnally eontnill nn ahundnnee of seeel. 
Howeycr, oyer n, considerable pnrt of the South n· species of blister 
beetle deyours the reproductive org:ms of t.he flower just ns it begins 
to open anel pl'eYt'nts the development of seed. Furthennol'e, appl1l'
ently in ull the locnlities when~ the plant o('<:urs, n. weevil Inys its 
eggs in the young pods, the InrnlC Inter enting tlw seed, so t1lllt col
lected s('~cl Sl101~cl be fmnigated ,dtlt CHl'holl disulphide pJ'omptJ:v 
to prcvcnt damage. The l'oots arc lHllllt'l'OUS, long, slender, and 
tough, N ol'muJly tht'rc is n, tnproot which descends nlmost vel'iieully 
und mm1Cl'Ol1S sick roots, which urise hOlll the crown [J.ncl spJ'eHct more 
or less horizon1;:dly. rrhere nre no '1llldel'gT01lJHl stems hI' wh::'('h the 
plan t can propng:l t(\ i I,self hy suckering, :athough in loose sl1l1cly soil 
the ll{"W CI'OW])S often bl':meh widely from the parent clump, giving the 
nppelll'llllCe of suckering. 

Of the spec'ies of Tephl'o.r;ict in the UnitNI States, IJil'{fInia:nn is the 
ll10iit ('ommon and widespl'end. It extends fl'OIn the New Englnnd 
Stntes to l\linnosota, south to Texns and Florida. It prefers low 
nltltud('s und is rlll'ely fOllnd in the Appttlncllifln H.l1ngC'. Alth01lgh 
oc('url'ing on widely dif\\'J'ent soils, it prefers well-drained iinndy situa
tions. It lucks the lIggl'Pssiv('ness of fI, woed hilt is tolerant to new 
~oih; llne! is I\' ('h:II':I('tnJ'i~ti(' plnnt of l'nihmy omhnuknH'nts and rOlld
~id('» in tlll\ South (pI. 1, .:1 alld B). 

The plant J)l:1,Y he Pl'opugnt('d from so('(l, hut gcrmination is SOlllC

lim('s slow und un('\,ol1 111l\(1ssjtlws been pl'evioll~lv treated (pI. 1, G). 
:It way ho pl'opnf,!:atetl Yt'gelati\"('ly by dividing the crOWll. The roots 
nlono cannot he lIsed 1'01' propagating. 

SURVEY OF 1934 

Tho rogion slilTeyetl in 1!J:34 included tlw followil1g 8tn \('s: Pomls:d
vani:1., .r\ew Jersey, D('lnwnrc, 11aryland, 'Vest Virginia, Virginia, 
North Cnrolinn, ~()llth Carolinn, ellstCI'll 'rOnlleSSt'C, Geol'gin, Floridll, 
Alii hnma, l\lississippi, Louisiitnn, Texns, Arkunslls, and Oklahoma. 
Collections 'VCI'O mndc by ,l. "V. Kelly, L. A. Whitford, Elbert Voss, 
G. A. H.lIssell, nml V. A. Little. In nddition to the mntcl'inl ('ollected 
directly, samples were obtllinc,l from :1, llumiwl' of collaborators in 
the vHrious St.nt('s, wl10se lIssistance wns much appreciated. The 
roots from New York, Coullcetieut, Illdinnll, nnd Kentucky gnve no 
illdiC'ation of eOll taining rotenone and were not to:\:ic to flies, Hnd no 
fn'thel' l't'f('renee is mH~ln to th('lll. 

The root; R[lmpJ\':; f1H ('ollee{.ed in 19:H, ('omp\'isl~d n. numbpl' of indi
vidunl plunts in fI, lo('uli ty fwd til us l'ojJl'csen tcd approximately t.he 

http:ollee{.ed
http:suryc.yr
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qunlity of the plants in the partiClIlul' localities in which they were 
collected. In some localities such composite samples luwe been found 
not always to be reasonably representative. For example, !1 sumole 
showing moderate toxicity does not indicate whether all the 00111
ponent plants were modera.tely toxic or whether roots from both 
strongly to:.ic and nontoxic individuals were included in about equul 
proportions. The range in degree of toxicity in plants growing within 
n very smull ]oculity was luter found to be much greutor thun expected. 
Nevertheless, these composite samples served to indicate quite clearly 
in which regions toxic plants ocellI'. 

METHODS 0.' TESTING 

The root samples as reeeived w(,l'e thoroughly nir-dricd and. then 
ground so thnt the coarsest pnrticlos would pns's through a 20-mcsh 
screen, Twenty grams were extructed with ueetone for 7 homs in a, 
Roxhkt extractor, The extrnet was mnde up to 100 cc of whieh 25 ee 
w{'re used to determine the total acetone extrlletives. The remainder 
was availnhle for the Durham test for rotenone and related substances 
nnd for biologicnl tests t.o determine toxicity. 

The sampl{'s were tested colorimetrically for the presence of rotenone 
by the method of Durhnm, us quoted by Gimlette (2,1).221). Jones 
and Smith (4) point ont that the characteristic blue color produecd 
when rotenone is present in the ncctone extract fades l'l1pidly, and 
that deguelin, a eonstituent of some plants containing rotenone, also 
giv{'s the color. The test, therefore, is of no value us an exact quanti
tative measure of the rotenone present. Howcv{'r, inasmuch fiS 

deguelin also possesses insecticidal properties, nny plant material 
giving the blue c,olor merits investigation as un insecticide. Their 
investigations suggest, thereJol'e, that this color test ma~ be useful 
for obtaining quiekly a rough indiention of the insecticidnl quality 
of plnnt llluterial insofar as sueh quality depends on rotenone nnd 
dcgudin, and possibly on other related substances ItS yet unknown. 

The results obtaincd by Joncs, Campbell, and Sullivan (3) indicate 
a considern ble correlation between the intensity of color obtained nnd 
the to:dcity of the extrnct to flies. Nevertheless, all the samples 
eollectcd during this survey also were tested directly for their toxicity 
to flies. 

The biologienl tests were matle in the Division of Control Investign,
tions, Bumlu of Ent.omology and Plnnt Quarantine by the turntable 
method (3). Acetone extl'llcts were used, 1 ec of whieh represented 
0.02 g of root, or fl.l'l1tio of root to SOlyellt of 1: 50. The samples were 
graded into those that did not kill flies in excess of the pure acetone 
control, those that Jdlled more thun the control but less thnn 50 per
cent of the fiies, and those tllut killed more. than 50 percent. The 
extracts in the thinl group w{'['e then tested in a further dilution, 
represen ting u ratio ofroot to extract of 1: 125. Those that killod mOTe 
than 50 perecnt of tho fties in this concentration were then used in a 
dilution l'l'prcs{,I1ting a mtio of 1 g of root to 250 cc of extract. The 
extracts that; Idlled more than 50 percent of tho flies in this dilution 
thus represented the samples that contained the roots of the greatest 
toxicity. 
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The results obtained lire shown in tiLble 1. It; is evident thut the 
root~ of Tephrosia vil'gini,ana from over most of its principal mnge 
contained insufficient toxic substances to give them insecticidal value. 
Moreover, the small districts from within which toxic roots were ob
tained are restricted approxima,tely 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 Stutes 
in table 2. 

TABLE I.-Comparative insecticidal value of 'roots of 'l'ephrosia virginiana. from vari
ous localities as determined bl! the Durham color test and the Campbell-Sullivan 
le,sl on flies, using acetone ex/rads of the air-dried 'root, earh cubic cl'nl,i'lllcl,er of 
which represented 0,2 g of 1'001 
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() 

o 
I) 
~ 

I + 
1 
0 

() 
I 
I 

f. I 

I ExplnnnLioll of symbols: Durhllm eolor test ""(,onlinl( to 1I1. S. Lowmlln and Howllrd A. Jones' 
working ill!lepcndentlr: O=no color; I =llterc trnt'O 10 very 111110 blue; 2=Jlnlo hlue; a=hluo; ·[=deep hlue; 
5=dllrk hlue. 

, The efTeet.' 011 flies of the extrllct wltcn used in a dilutions lire iUdlcatedl1S follows: - =none killed in 
P.ll'OSS of control in dilution of I ((I 10; + =lIIorc killed Lhtln hy cont rol hut less thnn 50 perctmt killed in 
dilution of I to ]0; ++ =Iltorc thlln 50 percent killed In dilution or 1 to 10; +++ =moro thlln 50 percent
killed in dilution of 1 to ~5; ++++ =lIIoro thllli r,tJ p('reent kille,1 in dilution of 1 1050, 

http:rinc(�f.on


6 TECTI::>i10.\L nrLLWI'IX ,j!);;, (T. s. 11/';1"1', 01" MJIlI('l'IJITnJ'; 

,!,,\lll,B l.-C'01nJ!IlJ'llliI'C 'inMclicitiall'(lluc 0/ rool,~ 0/ 'I'cphrIMi(J, "ir(/£nia/w from vari
OilS localities a8 delermined by the lJul'hlUn colvr lest and Iha Ca'/l!pbell-8ulUvan 
lest on flies, using acetone extracl,~ 0/ lhe llir-drled root, each cubic centimeter 0/
which '/'I:pr~senled 0.2 g 0/ Tool,-,Colltillued 

-------_._-
D,'gree of color I 'l'oxicHy 

with DllrhulIl t,'st to Ilip~
r.lillo· n('conlillg to os deter·

H[lIt,· out! ('ollllly T.orality rutory mirwd In' 
110. 	

Sllllinlll 
CnmplwiJ.I;\L S. T,. i If. A. J, lIIl'thod 

\'lrgi lIill-' ('on tin lied. 
Hpotsyll'llnln" Frr(]erlckshllq; I Ii
Orallge. .. Wllrlerlll'ss... O~ () I 


Do.,..... Gordollsville 
 I I I}'rrderlt'k. ., (lore ..•. II n,
Culpeper..... Clllpel','r. __ • o 0:
}'lllvllllnn•. __ .• , Fork (·uioll •.. 
 I 1 : 
N,'lsOII, .•. _, .• __ LOl'ilJ~s[oll __ . 
 n I
Bedford......... (loot!rs., .•. _. 
 a 

llo•. TT. • ... Tll·(\forcL.. T_ .. I II 

.1)0,_.... Ylllnmon1. ... I n , 


l\[ont~orJl('r~- I ('hri,tillnshllr~ 
 I 
Plllnski. _/1'1IInSkL.. . a 

Wyll", _... ,,"yUlel'iIIe . II IJ 


1)0 .. T.. ;...do ... II
II 

I II ' 

II~1~~~~~~~~Jun')l: '. I ~~~~~.t ~~~~~J(~tn. 	 II 

(I 


II 

Ili!:hllllld... j ;\ll'I)owell ... 


HlIPPllhllllll(J('k " ~pl'rryvilll' ,) I 

Do .. , Alllis.wllle . '0 II 


nlnwicldil' , ('urson ... _ II ' II 


lIarrll'1l . _ II 


"(lrtll (,arolina: 

Ll'noir ' Kinston .. _.. II 

Johnston. i:lrnithfll'l<I ... ali II , II 


Ill, j' II 

.. !lllllli. _ . a, i (Ii
ClIlIlhl'rland FaYNt"\'llll' :t>o; l n 

Hohl'~nn _. i:laint 1'IlIlIs_. au ; ~! ! I

('raYlIO ____ ~ YalH'(\horo 1;~ 
 I 

131'1l1lfort Wushin~toll 17:1 : I ~! 

~rnrlin. ". .... WilHalllstoli 1.·1 tI 

Northulllpion. .Jut'k'(lIl. lili 2 
 ,~ ~ 
Halifllx • Littleton iii, II 

Worren "orlina liS! II , II 

Ynm'(I_~. Jl(1Jl(I(lr50n 1,0 i. 1\ I 

Frlluklill_ l.ollisburll NI i I J 

Wukl' Wl'ndl'IL lhi , tl lit 


1)0 .• _ I {'nr):._ •••. IS~ I I: I 

Do ... _ .. , Hnll'ldl.._ Ih:?t I II ' 

Do.. .... : ~I()rris"ili,' .. I I


(,halhulII .._._ . __ I ;\l('rr)' (l!lks IS:l 1 II 

LN' ...... __ ......... i Hanford .. Iii-I II' II 

iI(oorr. _.......... _.... -1 AUl'rllel'lI .. _.. _.. IS; 1I II 

HichmoJlll ............ I HgckinghlUll .. _•• _ IS/i II n 

Ansoll . .. •. i .\\ u<lesharo ' 1.1:1 I I 

[-nion . . I Monroe. IS; : fl· () 

OllStOIl.. __ ---.1 GIlSlotlill .... I"t; I' I 

Cll',-eitllltl ' Kill~s illollUlnill lSD' (J 

HllthrrfonL 'Lnke Lurl' IVli : Ii ~i 

Polk.... $aludn 113 ' II II 

Henderson EnsL Flal Ho('k . lUi I) 0,
I 

lluncomh,' • Hkylund , 	 lUS 0, II ,
Do.. . Hwnnnunoll ~O:I 0' () 


Swain..... Whittier ... ~IlO II n 

Jackson...._ Ilillshoro.... ~Ol 1 I 

lIa\'lI'ooll .. \\'flYIll'~\'l\je .. ~()~ II I 

J\!c'DowcIL_ MariQII. .• . :!UI 1 
 I 
·\\'ntnurn... H\owillg; Ro!'!( ,~1U:; j :! 2;

('u!tIlI'el!. . \\'hitlll,j ~(Xl : :! I 

C'ulnwha.. I1il'knry ~!'IV I 1 l' 


1Jo.. , NI'II'IOU • 	 \!if) . (I 1 : 
:\)0.. Catllwha .. , 1 II' 


Iredell .. .. __ . Htulesvill". ~~:II ! J Ii 

·Forsyth.. . ... i (,leIllIlJOIl!: ~O, () 0' 

Stokes...... I Walnut ('ol'e 2ml o I 

Hockinghlllll .. WClltworth 210 I 

liarnett. . 1\[lllll('r~_ 211 I I 

Guilford..... Grecns!!Oro 212 II 0: 

AlnmllDce•• _............ Burlington. 21S I I)


Do............._.... 1IIIw Hil'!,r 	 21V . o o , 

Orange__...._...._._... llillshoro. 	 220 ! 
 1 II 
DurhulIl ......_•••••••••• 'lillrhlllll ... 	 221 ! J 1 ~ 
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TAHLE l.-GolnlJarative in,~ccticidal valu.e of rools of 1'cphrosin virgininnn from vari
ous localities c,s determined by the Durham color test and Uw Campbell-Sullivan 
lest on flie,~, using ace/one extracts of the air-dried root, each cubic centimeter of 
which represented 0,;2 g of root-Continued 

._-----;----..,.-----.----- 
D~gree 01 color 't'oxlcity 

with Durhnm t<'5t to flies 
],lIho· according 10- as deter· 

Slllle ant! COllnt)" rutory It ,-- mined by 
no, I (~~m\?~I~I. 

1M . R. 1.. i H,.-\., J. lI",thod 

·,_····--1 ---.-I .
SOllth C'nrollnn: 

~rllrion ••.•• ", .••.. :'lllillns ..... _. oI .])Q.......... . Marion •••••.. OJ 
Willlllmsburg...• lIomingwny... _ I 11? I II o 

1)0........ . Kingstree.... _.. U I 
Dorchester....... . SUllllncr\'i1le. _. I oI J~ I('olleton ••••• " .. 11'111 torhoro._. _ o o 

llnmfJerg ...• _.. "hrhllnlt... i .Ii, l t o 

Orangeburg•• -__ _ Neeses~ __ . 110 o o 

Lexin~lon .••-. __ Biltesbllrg •• __ 1M o o 

Newberry••••.•. Prosperity. _. IoU o o 


])0.__ __ Whitmire.... IU·I I I 

Lnne'nst£lr . .. ~ .~~ ,LIt1J('tlstt.·r . . _ 1611 o o 

Kershaw••. __ Kersh",\'_ ... lOi 1 J

Lee . ______ ..•. Bishop,·illl'._ .. _ HiS o o 

Ftorence. I'loren('e ...... _. 152 I () 

Spnrtnnburl: SpnrtnnlHlT/:C __ I!ln (J {J 

(ireen\'ille Oreer..... _ 1111 (] o 

O,'once. C"lelllson, .. ' . 1112 o o 

Pi('kens_ .... _~~ Pickens...... . l\Ia (I o 


'1't.·nn(l!"'Scc: 
\\'IIRhin~lon. . ,Johnson Clts.... I!XI 0 
lIuwkins, .... __.... __ j ~ur~olnsyill~ 157 II 
Knox.. • ...... __ .. __ i Knox\'ille .. Jr~s 0 

(1 I'org ill: 
l .. ee~ ... ~ ........ ~_T .. ~ "'. • ~!.orks.... __ I +'I.'ilt. __ ............ 

__ 

.. J IlIon __ .... .. 2 ++ 

Sumter....... .. .A meri('us . a 
 ff I H-+ 
1\1 us(!ogec••••... Columhus ·1 2, ++
(,harlton ..•.•. Volkston Hi -t '1'++
Warc. __ • __ •.. '"nr('ross ..• Ii 2 I ++
Wa)'no __ .. IS I I 

JelT Dn\'is .• __ •. ~ r~~i~jiursi: . HI 0 J 

'I'ellnlr.... __ •. 1-tcnne_ ..... . !iU 0 0 

'foom!)s ........ . \'Idnlln .... . 21 0 0 

Tattnnll __ ... __ • Hl'lds\'ille 22 tl n 

}~vnns_~_ ~~. C'lnxlon •. 2:1 0 () 

('andler ... Mc'lt~r.. 2·1 0 0 

Emunuel Unrficl,L 25 f
iDo. __ ' HwainshofO_ !W 0 0I.IelTl·rson __ LOllisville. I ""., n 0 

¥ ,l\f,'I>uflic. 'l"horH:;oll 2S II 0 

Hiehmond __ .i\1Jg:lJstn,.~ .. ~ !!O 0 0 

Clnrke. ___ .\ thens . ao () (I 

Do. Wintc'r\'i1lc ...... :It t) 0 
Do Athells .... ' .•• _._ a~ t) 0 


Frnnklin .. Frnnklin RJlrillg~ .......... a:1 0 n 

St.cllhc'ns ..... 'I'ocl'on .. _ _ ~.," .<_. :II 0 0 

Hllhershllm _ Cornuliu. _.. 

r 

3,1 0 0 

nllIL. __ .. __ . l'\~w lIolllllld _ .1(\ 0 1 

(1winnett. __ . IJnwreIlCf.'villl' ·fi 0 0 

])nwson I J)nwso",'III,' . -IS 0 0 

]>jckclIs j ,fnSPl.r .... -Ill 1 0 

)lurtow . _ j'ino lfog . '. 5U 0 (] 


1)0 .. ('nrlersvilil' .• _ 51 II 0 

Oorelon ..• C'ulhollll. _. fi:! 0 t 

Wnlkc'r . LnF'uvetlt' 7~ I I 

C'hllttoogu •• HUInIilen-ill(l 75 0 

J'olk ... ('edllrlown 85 0 

Collh Austell • 70 1I 

('orroll ..... ('nrroIlWn 77 IJ 

(·owctn., . . :-\(IWlltllL~.... __ is U 
 II
CJllyloll .. ~ ... ~ ,1I101lnlnill Vh'w. ill 0 0' 

Hpllldlng•• I ('In'fl'In~_~ .. , - -~~. ,C1 (I 0' 

Hihh•.. _ I 1I11ICOII. . . SI 0 0' 

Crisp.... . I Cordele.... -... -I :II +++
Hi) 

Cook... " , "'deL... .. [,,1 .\ +++
l"owruic:; ... ,~·t t) ~ I 
'I'homns.• ~ ~ I ~:\\~~:~:~It:';itll\ .. hI)X, I 0, 
~1i1('hl'lI .• __ ....i ('lIlUm,, ____ ..... ~ I t I 



g Tl~UHN1CAL lIlTLLWl'JN (ifJii,ll. S. nEPT. m~' MJHr(:l'UJ'l!Rg 

TAnL~J I.-Comparative ins8c/,icirial vallie of I'oots of Tl']Jhro.~i(L virfli-m:rl1lnfrom vari
ous localities as det'3rmined by the Durham color le,~t afld the Campbell-Sullivan 
test on flies, using acetone extracts of the air-dried root, em:l. cubic centimeter of 
which represented 0,2 g of 7'oo/-Contillllrc\ 

---------,----------------
Degree of rolor 'I'oxll'll y 

wllh Dllrhllm h'st 10 f1"'~ 
Lahn· I\('l'ordln~ 10'" ns liNer· 

Rltl((' nnll ('Ol1llt r Lnl'nilly rulory .lIhwd hI' 
110. . --I" (~~?tW\~::!,;I.

I:'L S.I., II. A. J., method 

:_~_..L .. " 
I
Florida: 

Ol"lsllcn •••• , : Chnltnhoochee, S () oc' 

D"...... : ..dn .......... . ~fiH o o

'Leon••...•••. 'I'nllnhnssee,.... ' 9 1 o

]I·lurlon" ... \\,~irsdlllo.. • 10 o o 

DUVHL •••. JtI(.ksnu\'iIIe., •. o • Ir. .j a -1+

C1uy....... , Orcen Cove Hpring:-o :151
I 4 +++
MOllison •• , I J\llldisou .. , .. . a['.j I 2 
 +Jucksoll ... . f (·otloudllle..... . 3M; o t)

Pulnam.... , j Oruudiu ........ J.j a 
 +1-Ahlbnmn: I 


Leo........ .. Auhurn ...... . 
 o
plko........ .. 'I'ro~· ... ~~_ ...... .. G () 

lIouston .•. , l)ol.hau ...... . , n 


•• ~ I
Mobile•••• (,Ilronello••• , 27J I 'l 

Hussoll, (·rnwfof(l. ... . !!jO 3 5 

Mncon ... 'l'uskegce _ ....... .. 272 


:'lIssisslppl: 

PCllrl Hlver . ! McXeill ...... .. 211:1 1 


Do.. , l'oplnr\'llIe ..... . ~la 2 
 +Do.... . "I' II IIIsrlnle...... . ~115 2 

Rtone..... . "'iggins.......... ~. 21)0 


1)0 .•. ..110....... ' "0- 'J, 
 +O"orge•.• ILucedale .• , 2t~ Ii 
C1l1rke... Pachuta, .. ,. 27:~ I I 

Jasper ... , Heidelberg, . 'J, 


Jones ... J\loi'Olle. . .. 2
~f1.1 :1 +Forrest, ..... 1IIlttiesbur~, 27fl !i I q + 
Pike. '. I M(·('oll1h.,. 2ii 1 I 
I i !
Franklin ..•• I 1IleuII\'lIIe .. 278 
 g! ~i1\lllriflll ....... . HuiJ....... . 
 lO!JlLoulsianll: 

Hnint. rI'nmmnn\' Folsoll1 .. .. 201 

\\'ushlngton. . j Frauklinlon 2U2 
 ~ I
1.11 SlIlie. 'J'rout._ .. _.. 270 

Haphles•. Alexandria. , !!SO °1 ~I21 +Oelluregurd ... De Wllller•• :11-1 J i 1 i .\. 

\'ernoll •• 1.eos\'lIIe••• alii 2' 
 ++Clllhio .... . Shreveport .. . :310

C'lnihorno ...... .. Jiolller........... .. :117
c 11 + 

Arkllnslls: 
Olllwhit.o. Camden .... , ............... . 5 "I +++OurlulHL_ JlOL SJlrlng~ NaLlonall'urk, .. o 


1)0•• .do .......... .. o 
 gI 

Pnlaski . ,. Littlo Hock..... . o o

Fuulkner. ('onwny.~" ..... . o o

Pope .. Hussclh'iIIe... '. t) ()

CrnwfonL . "1 1
Alntll........ I 
 +Wnshington Fayelte\·iIIe... 1 I
I +Bentoll .... : Benton\'ilIe..., . I t) I 


Oklahomll: 

('hOCt.H\\',." ... , .. Boswell ..... .. 1 () 


i J)UfIlUL........ . 1 1
:!~~~~l~~icile~ . i Lawton....... . :l 2 
 +lJelllwnre. I Jay.. o 1

MllycH I ·Pryor .. o ()

'Pulstl. ~ I'rulsa••• ') +
LinrohL. Stroud .• ii o 

:J 


Okluhontll Luthe~,. 1 2 

Oft"ly... Chickllsha. 4 


/)r). , ....do .... 2 

::;Iepheus., : Comunch~. 4 


'I'exlls: t 

Wilson .... I Slockdnle ... 3 2

('uldWt.'II., , . 

I 4 :I 
])0, • .LuIiS;:.:.. .. I 4 a 


OOIlUllcs. OOI17.nics .• ". _ i :I 2

Do. ;.. ,.do..... 2
q 

AUStill .. ·Reilly, .. ii I a 

Wuller •. 

Do. 1.,{~H~~~I~~I:_ o 

".ashln~l.(lll . Brenhllll1.... 1 i 

nobert~on . I1earne .. . I' 


])0 .• : ....do.... . :1

I rI 


++ 



1\'.\'1'1VI'; ;;l'l~UII~i'i OF TEPH.nOi'i[A 

'l'ABLE I.-Comparative insec/.icidal vrlue of roots oj 7'ephrosia vz:rginiana jrom vari
ous localities as determined by the Durham color I,c,~t and the Campbell-Su,llivan 
lest on ,(lies, usinl7 aCG/mill exlrncl,~ oj tite air-dried 1'00t, each cubic centimeter oj 
which represented O.:J 17 oj rllOl-Conf.illllcd 

------------ ..-------

I I 
])\'gn'~ of color '['oxldty 

wllh Durhllm tcst 10 nics 
Ln!Jo· IIccordlng 10'- ns dl·lcr· 

Stlllu 111111 \'OlInl) l.oclillt.r rnlorr mined hy.-...,,-.....-+~-~-----
no. Cnmplll'lI· 

Sulllvnn:'If. S. T" 111. A. J. methotl 
I... -.--... ~-'".__.~__I .•.- -_.-' .._-- ----

'rexns-('onLi" (loll. 
HoherLso". I'·rllnklin ••.• 1')') o 

Do•.•.•.•.•••.. BromOlIlL. .•. 125 o 
Milum................ . Mllnno... . 124 Ii 

Do............... .. .....do..... .. :HO tt~= 
Do.... .. .. ...do .... . :III [) 4 +++ 
Do.•. Cameron 2Hi .\ a ++ 

.Lcon ... . ButTnl!) .120 () () 
nr... . .- ...do .• 127 o o 
Du •• Keech!.. :H~ (. Ii ++++ 

~l'rinit\· . 'I'rlnlty .. 12H 4 +++ 
Anderson. Montnlhll I~~I .\ .\ +++ 

Do •. . ••do." al:l ++++
Do.. . :l-l4j ++++ 
Do ..... . '1' ji lii~k~;'OI :.. :i45 ~(. I ++++ 

Smith .. . 'Pylor.... laO r. +++ 
\)0 .. . :l41i I 5 +++ 

Hnrrison .. .. ilnrleton 131 r. ++++ 
Do.. MnrshnlL :131\ o 

Lnmar..... l)nris~ .. .. 1:12 2 2 + 

Do.... . ' . :::l~:":-- a17 Ii I ++++ 

/Dn••. .do.... . .! 24H I I 
D",. •• do •..••. 1:1:1 a :I 1-+iMont.nguc. Noconll . .. ~. 1:1/; :1 2 ++ 
Do. JJowie...... . :la.; I 

Cllllahlln .. ('ross .l'llIlns... . I 13ll .\1 :1 ++ 
Do.. (,I~·de. .. •. 1:111 a + 

Conmncho.... 1)0 Leon ......... 140 n :I ++ 
Do .. . __ • clo•• _•. a:17 +++ 
Do .• ...... do..... . 14:1 ++ 
Do •• Hllrkcr... .. I·I~ :I ~ I ++ 
Do •. lillsse.... .. I·I-! 2 I 2 + 

lJpsllllr ... Oilmer .. "" :H~ 2 -I-
1';astillocL . ('nrhon"." . loll \ l a i ++ 
Burleson ('hricsmnn . . 2-14 I 2 t + 
:'\'C'wtOIl. Ne\\'ton~_~ ~ ~Ni i 

XIII·o~dnl'hcs •••. NIICOgdoeilcs . 

JlIsllcr i .Jllsper. __ ~m I !I) I' ~I +:'1-+ 

Do.. ! ... ,._.dl) :t1al. a! ++2 j 
1 ..---~.--

1'AIII,~) 2.-NlI.mbcr oj crnn]lowila ,~(!·I/I.1ilc.~ oj Tl/ot.1 oj 7'(!Jlit.r(}sia. l'lrginicl1tn oj varyilllf 
tier/n'cs of toxicity oiJtnined jl'om tho ,~clJcrnl Stnios . 

----...-~~---.~------
Suruph's which wrro givt.'n n loxicH.y· Tilting lor-.. 

. ..... ··-1 

New J~r5('Y .. _...... P"" •• INI/IIIIJI'.S '/ 
Delaware.•... 
West Virgin in .. .\ 
Mnrrlllnd.. 
Virglnill...... as 

I) Ij 
Tenncssc(!. ~ , '1 
North Cnrolinn•.• -lill 
SOllth Carollnn.•• 
Georgia.......... . I 
Florldl\. ......... . [, I 
Alnbamn... ", __ .• :WIIi I 
Mississippi .. (I ·1 
Louisinnn••.• :1 
Arknnsn.q. 2 
Okinholllll • i\Ii I '1'rcxas~ ... , ' .. L._ Itl I II 

I .For rxpl"""Uoll of srlllhois SCll roo(.notes of t"hle 1. 

·J800"-aS--2 



10 TgCH~IGAIJ BULLWC1~ 5!Ju, LT. H. lJJo;Pl'. OJ!' ,\(llUGUlJL'Ung 

'rhe restriction of toxicity to specific localities is in n.ccord with the 
results of Jones, Camphell, n.nd Sullivan (3), who exmnined roots from 
a limited number of locnlities, ranging from Maryland to Texas. It 
also is supported by itdditiollal data obtained in 1035. 

All of the smnples from the Stutes north of GeOl'gin, were negn.tiyo 
except two which wero +.6 Smnples with n, nULximum t,OXieitiY were 
obtained only fl'om Texn.s. Only 22 percent of the sHmples from 
Texas were nontoxic in (lompnrisoll with 50 percent or moro of the 
smnples from any other State. 

Of 29 samples giving n. mting of 2 by the Durhnm test (tuNe 3), 16 
WNe given a toxicity rating of -, 10 of +, find 3 of ++. Of the 12 
samples from the States north of Grorgia aU except 1 were nontoxic 
nnd all except 2 of the 13 thn,t were Tltted tlS somewhnt toxic ( +01' + + ) 
eame from the westel'll section of tlle plant's Tnnge. The clntlL are 
insufTicient to permit any conclusions. They suggest, 11oweYl.'r, thnt 
the color obtained wit]) the sumples from the Stnt,l.'s hl the northern 
section of the plant's principal Tange WflS due mainly to the presencc 
of substnnces which give the chuTlwt!'ristic colol' hilt whi(,h arc mllch 
less toxic than rotenone, wherens the smnples from the southern 
region contained u. In.rger proportion of the In.tter. 

TAnI,g 3.-:Dis/,rill1l/io1/. b!! 8/al,c8 0/ ,~(!7Ilple,~, 0/ ro,o/s 0/ 'l'(mhl'osia t'il'ginictna git'cn a 
color rrztzng oj 2) to ,~hOUl thcu rc/attllG [axlell!! UI tho north.ern alu/. .~n/lthel'n 1)(11't oj 
the 7}/ant',~ Winciprzll·(l1I.(/C: 

------------~--~----.~~.~-~-~------------~--~------------! fllllllPh's ~hClWIIl~ '; ; I :;nJllpll'R showing 
loxlclty 1 01·, Ii ~ loxlrll)·1 oC- .I

Stun.. , It j I ~I ( nIHil" ;n~glon nnri Stnll' Illt'S --"",'~ -- ~ '1 (If.! 011 HIli ~ It (I phIS :__,_.___ 

_ + ·1-1 'i : I.. + ++ 
j I __~_~ , 

-;:;'1' ~~IIIII' 1\11.1/1' II' ;\"11.111' , XII,".1 .\'1I1/1'j,\:/lIII' X'-:: 
Northorn: brr /J1'r brr beT ~nl1thol'll: ,ber lur ',er htr 

Now Jcrsoy___ ....... 2 2 .- ..... *" _~_ (loor~ia_ ..._~, -; 2 I l . I 1 

Dolaware......... n .........,.. 1·'lorhln. ... (II ""1 •• '.'.... I.·.·.·.'.:..'.'

Wost Virglnlll..... 1 1 .•"" Alahlllllll.... .. 
Mllrylllnri......... 1 1 ....... .. Mississippi. fl a a' ....... 

\·Irglnla........... a 2 J .... I' 1.01115111111l....... 2 """, I 1 

'l'ennosseo......... 0 .•.... l ArkallslIs..... ..... II •••--•••••••..1... ____ 

North ('lIroHm,.__ [) [, •••... .••.. i Oklahoma........·, 1 ., 

SOllth Carolina •••. j 0 ...... ..~~__~ ) ·l'eXlIs........... , .i I:::::::: 3 """i 
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'rhe dn,t;fl. of tlthle 1 h:tYC b<'cn ]wought together ill t.nble 4 to show 
the relntion be/,ween t.he results of the toxicity nnd the color tests. 
It is evident; tllflt the toxieity of the roots to flies is roughly but reli
Itbly indicn.ted by the DUl'hnm test. This supports the results of 
previous inYcstigntol's, bllt with dutn, on mnny mOl'e snmples. This 
correlntion is of Yel'y great "nlue in permitting the color test t.o be 
used as a, quick metihod of distinguishing h('tWCl'Il toxic flnd nontoxi<! 
plant.s in any hlVcstigatiolls thnt mny be necessnl'y to detcrmine the 
nct;unJ possibilities of tho plnnt. MorcoY('r, t.he coloI' test mu.y be 
n,pplied wit;h reasonably relillble 1'('slIlts to u. smll11 piece of root remoyed 
from u.liying plant, thus mnking it possible t;o study 1110I'e cfl'ectiyely 
the influence of Yllrious C1lVironmentnl fnctors on 010 toxicity of the 
plnnt. 

The tot-ill neetone (lxLrnet of j,he roots IIJlpnrt'ntly YIHies gl'ently. 
Sinee the roo!;" wtll'e only nil'-dl'ied nnd !loL ('nLirely free from mois-

G For t!1\'\'xplllnlltion 01 thi.; lind othrr sYmb(lls lI~l·d 10 1.lldielll<' till' toxicity to flil's IIml the drgn'~ 01 color 
obtnincd with the ])urhllm h'st, Sl'C [OOI.II!,!" J, tnhk' 1. 
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Luro, tho vllriations in tho amount of moistUl'o pl'csent 1lI11Y have becn 
responsible to some cxtent for some of tho YllriutiollS in Lhe totnl 
extmct, However, these vl1l'intiolls wore much too wide Lo be thus 
uccounted for completely lind they occurred without nny relntion to 
the toxicity 01' geographIc sOlll'ee of the roots. 

'1'he rotenone content of n. fow t.oxic smnples WllS determined by 
Howllrd A .•Jones, Diyision of Insecticide InvestignLions, Burellu of 
JiJntomology nnd I'lllnt QU[\,l'ltntine. The dntlt nrc presented in tnble [) 
with those 'for the color test and toxicity. '1'l!e.y indicttto only It gell
em! relation between toxieit;y, as mensul'ed, nnd rotenone content. 
Thus, both samples rnting + + fOI' toxidt~y hud less thnn OAO percent 
ofrotenone, wherons the sevon snmples rntmg + + + +)'[wgec! fl'011l 
0.79 to ] .SO percent. On the othor hnnd, sumple no. ]30, with n, 
rotenone contcnt of I.RO pCI'('cnt, wus mted 11 gl'nde lower in toxieity 
than no. 131, which eontuined the sume 1)('I'centnge of rotenollc, unci 
no. 351, with the sllme toxicity Tnting as no. ] ao, contnineci only 0.25 
percent of rotenone. The J1uml)t'l' or stlmplcs is too smull t,o jlt'l'Init 
nny ('onclusions. 1\101'00v('I', the Hwthod used tit the timo the det.eJ'
minntions were mnde is now known to be llltl'eliable \\'1t(~n the rotenone 
content of the slllnple is low. 

'l'AULg 4,-/ n,~ecNcldal 1Ja,lllc oj rools oj '/'ephrowhl 1Jit(Jinir/./U/ (IS leNted 111ill! .IUe" 
in tclation to l'c,~//'ll,~ 1dlh tile /)lI.rhnm (!olol' tc,~l oj IIw toots 

,---- DI~trihlltlrJn of ~nlJlpJrs showing l\H' Ourham ('olor 11'$\ l!lf 
I Dr~r('l' of 'I'olnl 
; tn.xil'il~· I .,'" I ~ a i 8nm l'lr, 
I : ,..I
I ....\"rUlll tJf(S'tIlI/tll'r : SILlllbtT SU1It/IfT IXllmbrr !XIIW/II' ! XI/lllb" 

I 
12S (H Tii i a' ~II 

·t' S 27I~l, ~ II ; ~oI,"t,".j i II! \I l5 
t ilt 7I 

Total 12S "'J,. IS 17 :iL 
I Fur C~tlllIlJllll()nlJf symhols Sl'(' footnotes of lalll(' I. 

'!'ABI,g 5,--('0/01' ovtnine!l with the J)nl'/utln test, to.ridlil/a .flios, nJ1.rl pOl'fcntlfIl(l tlj 
ro/cnon a prosont in 1(' roril sWlII",ios oj Tol,hl'oS in lIil'(rini<tn(t jl'o In VItti0/1.8 locoliIi c.~ 
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SURVEY OF 1935 

The differences in the toxicity of the plants in 1934 and the fn,ct 
thn,t toxic plants appear,'d to occur only in certain general districts 
indicated that a similar bu t more detailed survey was nece',";ary. This 
was undertaken in 1935 with particular attention to (1) examination 
of individual plants; (2) a critical botanical study of the species 
occulTing in the South and Southeast, with special consideration of 
the botanical variations in Tephrosia virginiana in relation to toxicity 
and of the tmd.city and possible commercial value of other species of 
Tephrosia; (3) a study of the relation of soil types to to)"icity and of 
certain soil and vegetative environments as a possible explanation of 
variations in tmdcity; and (4) determination of the regions, if any, 
in which commercial growing would be most lil\:ely to succeed.7 The 
ltreas surveyed are indicated in figure 1. 

Some 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 T. virginiana generally designnted as the eastern 
and western types. The species found, the number of ench tested, 
and the degree of color obtained wlih the Durham test l1,re shown in 
tnble 6. 

'I'ABI,I, G.-N".mbef of indillidual 1)lanis of lI(1.l"iOU8 speci(j,~ of Teph1"osia gillillf/ the 
selleral dcarccs of blu.c color obl,ained with thc Dllrhmn tCllt 

Silet'ies IPlllnts Dark Deep Dluo I.ight I P,lIo I'I'rnce Nq 
. tested blua hluo blue blue c()lor 

1..\'/l.7IIIJrr NU.71I11tr NII7II1Irr Nnmllu lYu.mbrr Nu.mbrr N1L11IlJrr NlLmber 
j'J'.ambiglln (:M.A. Curtis) '."...... 1 24 .................... __ ...... __ ,, __ ,_ "'... 7 17 


'J'.caT]lcnlai (ltydb.) Killip. ....... 2 • __ .... _....... __ • __ -__ ...... _ ....... ,_...... 2 
'l'.chrv.,nphvl/Il(l'ursh)'__ .. ___ . 15 1 .• " __ ' ...... __ I ........ ........ J3 
1'.oracillima (Robinson) KilIiJl __ ._ I _ -- ... -.... -. 1 -- .I' ........ .............


'1'.hispidrtla(Michx.)I'crs_. _____ ... i ___ . __ ......______ . ____ '''___ I 3 a 
'l'.smal/ii(V8i1)Robinson' ___ ..... _ Ii ...... _ ....... '. __ .. " .... ___ .'_.'... 1 ·1 
'1'.lalidws (Small) Stlllldi. .......... 2U 1U 4 f 7 2 ....... _ ........ r, 
'1'. lindhdmeri A. Gray..... _........ Ii ............ ___ ....... ____ .... I ........ .j 

~;: ~~~~~~~~~i~~! ~1~~~a;;7;~·(ilY(iij.5" 7 ................ """-'1--'"'' 1 I Ii 

JI[llchnde.................... ___ . __ • Ii •••• ____ ........... __ ... , ___ ..... __...... Ii 


T. spicllia ("'lilt.) '1'orr. & Gmy ..... 3" _• ___.......__....." •.•• __..... 1 \1 ~2 


'l',l'irginiana (I,.) Pers .. -........... _ 292 46 10 21 16 9 ~\l 161 


I VI. 2, A. 'PI.2,B. 3 Pl. 2, c~ 41'1.2, D. 

rroxicity of t.he mn-terinl collected in 1935 WItS not determined by 
biologicnl methods. In view of the close correlation 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 eolor, a moderate blue, or a dark blue will be classed as non
toxic, moderu.tely to)"ic, or distinctly toxic, respectively. 

DISTRICTS IN WHICH TOXIC AND NONTOXIC PLANTS OCCUR 

The localities from which plants have been examined !1,1'e shown ill 
figure 2. The extensive !treas in which pmctically all plnnts are non
toxic nre not designated. on the map (fig. 2) and may be referred to 
conveniently as nontoxic districts. 

7 'I'ho hotnnicnl studios were Illlllle hy ('. O. 'ErIllllson, of the Dh'ision (If I'lllnt, EXJllomtioll an" lnt roduco 
lion, tho soil studies hy ]0;. D. Fowler, lit thllt timo of th., Division of Soil I,'ortilit.y. 'I'he Durhllm, tests in 
'J'exils nnd tho Gulf Stlltes were mllde byO, A. RussoIlllnd in tho rcst of t.ho aren by Jlf. S. ],O\\,lllllll. hoth 
of tho Division of Drug IIn<l Hclllted 1'18I1t5, 1111 of tho Hurellllof l'lnnt Industrr. 
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Fl(il'Hl~ l.-Collntif's ill whic'h the prillcipnl studies Wf"'I.1 fllncil l during I lit.' sun'ey of 1\I:t:.. 
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'/.(A'{J,~· L ___ .., " "., •
1v",," '28 e~ •, 1 I •'* I Tephrosio lofidens 

2. C • Loca/il/es in which planfs lVere tested 
~Pnncl;ool disfricfs in which foxt'c 

plonts are round 
_Secondary districts in which toxic 

plonfs ore round 

FIGt:RE 2.-Districts in which Tephro.,ia viruinia"a and 7', lu/ide1/8 of ,'urying toxieit.y oecur. Th~ tltr"" 
principal districts ill which toxic plants oecurred IIlOS! frequently nre designated 1 A, 1 B,unt! I C. The 
:;econdary district.~ in which toxk plants were fOUIlt!, but Illllch I~.ss frequelltly ant! ollly uurler 51"'t,/.1
circlllIlsruncest lire designuted as 2..A. LO !! ,P. 
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Of the l)r1ncipal districts, district 1 A, :tiIllOS(, euLit'd,Y wilhill t,he 
Choctawhn,tchee National Forest, in westerll Florida, extends abou t 
2,5 miles from the eustel'll purt of San tn. Rosa County through Oknloosn 
County into the western edge of \Ytllton County und ubout 10 miles 
from some distu.llce south of the Yellow River to the Chodnwilfl,tehee 
Buy, Tephrosia latidens occurs in thii.! dist1'ict, but T. t'il'giniana hus 
not so far bern found, District 1 B is a JULJ'f'OW belt in northellst Texlls 
extending npproximntl'ly 300 miles from Luling in Cn.Jdwell County 
northeasterly to :Marshall in Harrison County, It is wider in the 
northern half where it extends into N acogdoehrs COUll ty to the rnst, 
The reln,tiYely smull district 1 C in nOl'thcnst Floridn, inelltd('s ('In.y 
Coun ty nnd the western portions of Duval alld ~ nssfl.U Countirs and 
extends I1C1'OSS the St, 1,[nrys Uinr to Folkston, On, It is npproxi
mrLtely GO miles long und 25 miles wide. 

One of the Im'ger sceondul'y distl'ietR, 2 A, is locnted in. southwest 
Georgia, extending npproxirnntely from Adel in Cook Coun ty north
wrstel'ly to Cordele nnd Americus, Hnd including Alhnny, Sylvester, 
nnd Tifton, Distri('t 2 B is nhout 75 miles squal'r, includ(>R Newton, 
.Jnsper, a:nd pUl't of Tyll' I' Coun ties in enst Trxns, nnd extends in to 
the western portions of Vernon nnd Benureganl Counties, Ln" Dis
trict.2 C ineludes pnrts of \Vnshington, Austin, nnd \\~ullel' Countirs, 
'I'ex, Distri(,t 2 D consists of pn,rts of Cnllahnn, Enstlnnd, Comanche, 
nnd 131'0\\ n Counties, Tex, District 2 E in not-Lh Texas is n~l'y smnll, 
induding only mo<;t of Lamar County. District 2 F ineIucles most of 
Srfrerson, Stepbens, nnd Grady' Counties, Okla, 

If collection 01' eultivntion of toxic plnnts is practienl, the ])I'in('ipnl 
districts, one in l1ortbenst'J'I'XIlS, onc ill Tlolthw('st Florida, fine! one in 
northenst Florida, would he thof:r in which it, would. h(, promising, 
Even within these districts, howr\'rl', there lire. IItnll.)T sl1wll ]0(,111ities 
in which only llontoxie 01' mildly toxic plnnts fire found, Indi"iduul 
plants in ('ertain loenlitil's nnd t'nvil'ollmrllts ill thc sr('onclflry distriets 
may be itS toxie ns those in (lio principnl distl'ids, Indiscrimi.1nt(' 
('ollection of roots in the sr{'ondnry (listric,ts, howe\'er, would yield 
materin1 of little insretieidal "111uo br('nuse of' the pl'('pondernll(,(, of 
nontoxic roots. Colledion in the 110n toxic: districts would he fu till'. 
Neither should its ('ultivntion 1)(' 1I1ldel'tuken in thrs(' lIn'lIS unlrss intrt' 
experiments should drveiop mdhods for ohtuining toxi('ity. 

SPECIES 0.' !'IA'!'I".: 'I'EI'HHOSIA 

Ac('ording to Rydh('l'g (71 thrrr n1'(' 24 sp('('ies of Tt'phrosia nntke to 
the Unitrd Statrs. Of thrsr, 21 o('('ur rust or the Grrllt Plnins, the 
other 3, which hn.\'c not hern rxnmined, being northel'll extensions of 
~rexi(,!ln sp('cirs in to the SOli thwesL or the' 21 enstel'll speeies 9 
hn.vc not bern fOllnd north of Floridn, and only Tepit1'Osia, !'il'giniana 
(pI. 3, .It nnd B) I'l1ngrs fur 1'1'0111 thc southenRll'1'Il purt of the rnited 
Stnh-:;, prohnhl), o(,(,UI'I'ing in nIL Stntes 1'1lHt of the Grl'ut Plnins, 
Tho approximn.tl' l)(H-thrl'n limits of the l'ilngr of nine spm'i('s of 
'l'eph'l'08W, nrc shown in figul'c 3. 

All speeies nntiy(' to tiIe.l'nitl'c1 Stntrs ilr(, pt'rl'llI1inl nnd herhueeolls, 
ulthollgh in some the ('rown and roots become slightly woody, In 
hnhit they ure cithrl' ('red, lls('ending, OJ' pro('umbrnt, nevel' growing 
higher than 2 to 3 feet. 'Pho len,\'('s BI'C compound, of n. yuryingllum
jwr of lenflets, The inflOl'('s{,(,Il(,C is ('ith(,I' Lprminnl or lnteml find the 
f1owors 1lllmerOliS 01' f('w, depl'llClillg' on th(' sp('ci('s, The flowers n.rc 
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('(,11('('1('41 JW,.1r :\ll1llwJ. Tt·\,; ( 1 '/', lu/,dtlt.'f ,'I'lkt'lpl!lU ('k:llou~a t'uUHl ~, VII" /), r. lilt II,. ;UUIl ('ollp('lt'd 
jll Ciu:uhlujlt, ('''lJrll~. Tt,~. 
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usually yellow, but ill some sp.ecies ILre red ti!lged or whitish. In some 
species the roots become thIckened and lIttle developed, as in 1'. 
hispidula, (pI. 4, A), while in others the root system becomes greatly 
developed, with taproot and long lfLteral roots 5 or 6 feet in length, as 
in T. virginiamn. It is because of the long, tough, and flexible lateral 
roots that this species gets its IHlme, tldevil's shoestring." Most of the 
species arc rather particular as to habitat, the widely distributed T. 
1:irginin1Ln being exceptiollal in tolerance. 

'Within the area examinl'c\ 11 species of Tephrosia were tested and 
studied in addition to T. 1)ir{fininllCL (table 6), to detel'mine whether 
they could be eliminated fl'om further ('onsidemtion. Of these, 1'. 
latiden,c; (pI. 3, G), a wry dose re\ntive of '1'. trirginiana, showed ('on
sidcl'!\ hIe pl'omisp. 

T.SPICATA 

\ T.CHRYSOPHYLLA 

\ 
T.ONOBRY CHOIDES VAR. TEXAN A 

T.LlNDHEIMERI ~ 

FIGURE 3.~ApproxiIIlntc nort.hern limits o( the runge or nine sperie~ fI( 'J'ephro.in in the eustern llml sOllth· 
t!llstern Pnitetl Htntes. 

The possible ('omlnel'einl lIsefulness of the severnl spedes must be 
judged on the basis of tllPil' ins('ctieicinl value nnd growth habits. 
Only with T. cal'penten; (pI. 4, B). llnd 1'. onobrychoides val'. texann 
(pI. 4, 0) were the tests nil lIPgntlve, but very few plnnts of these 
species WCI'e tested, and in some localities it is likely th!lt individual 
plants of all spec'ies stucii('ci may contain somo rotenone 01' rein ted 
substnnce in the root. It is unlikely, however, tlullj !lIly of the speeies 
other tbnn '1'. 1>i,.gh~'I:(/m.(I, and 1'. la,tiden.c; wlu-rant further study as 
pra('tical sources of illseetieidul Jl111terial from the stlwdpoint of 
toxicity. Both of these speeies, moreover, hayo sufficiently well
developed root systems to promise fairly good acre yields of roots 
under cultivation. To what extent this promise may bo fulfilled will 
depend, not only on the ultimate si7.!1 of the roots, but also 011 the rate 
of growth, 011 which point suflh-ient infoI'IlllttioIl is ItS yet not nvnilllble. 

http:J'ephro.in


16 TECII;\ICAL Ill'I,LETIX ;J!1ii,I', :-;, IlEP'I~, OF A(:Hll'I'I:I'l'HI·; 

In nddition to '1', 1,il'f/in'iwll(l, and '1'. faJidens, '1', ollobl'yc/w'ilil'8 (pI. 4, 
D), '1', lindheimeri (p. 3, D), and 1'. onobl"ychoides YIlT. te.r.a.n(J, also lllwe 
l'('asonably well-developed root systems. 'rho possibility of lIsing 
these and perhaps some of the other speci('s in a breeding progl'lllll 
should bo kept in mind. ' 

The foliage of the scveral species in various loeali tie's also was tested, 
but with negative results in nIl enses. 

One of the speeinl objoetiv('s of the field study wns to noto whethel' 
any correlation could be found between the ynryillg' tnxonomie ehar
ncters in individual plunts of T. 1,jl'yin'i(l,n(J, nnd the pl'l'senee or absence 
of rotenone in their roots. No sueh evidence could be found. If tho 
('npueity to produ('e rotenone is a heJ'editury ('harll('/eristic, there is 
no outwllJ'd mnnifestn,tion b.v ,,,hieh it mny Iw l'ecogni~ed. 

I>IS'I'RIUIJ'I'JON 0.' TOXIC I'J,ANTS IN IU;J,ATION TO SOIl, ANI> V.:GJ-:TATIV" 
.;NvmONMENTS 

The possible relation of cnvironl11l'1l t to toxiei ty in til(' plan t l'Oots 
WIlS studi('d in detllil in nll distl'i(·ts ('x('ep!: s('('on<llll'." distl'iC'fs 2 n, 
2 E, unci ~ F' (fig'. 2). 

De9ree of color by Durham te3t 
Q) = Blue 
~ =Light or pale blue 
O=No color 

- Gray sand dump 

78 

, ; .,'. 72 

~~:::" 
Li9ht-9roy and yellow
9ray l'ine sand 


FiorilE 4.- Profile of Norfolk sand in Ilrin(lipnl dhHri('l. or toxic pll1111R, 1 Ii, nonf Bryatt, '(1ex., showing 
toxic JJiant..o; flos. 7n, 77, uud 7~ growing nil the Ilnrtllni slJrfaec soil nlld lI(lS. 72 Hlltl 74 on slulIlllCd ~;(Ictinns 
of it. Nonloxic pluIIts (IUS. 7ft amI 70 J.!row OIl disluriwd ~oil mnterilllllJld nos. 71 Hlld 7a Oil suhtloilillyers
tlo[ IIl\'omhl" to [",ii, philliS, 

The prilleipul dntlL pertaining' to purti('ulnl' sitllntions thnt; nppenr 
Rigniflen.n L ill their indicution of' pmisihle rplu.tionships \)otw('on en \'iron
ment Illld toxieit,y nre Ilssembled in Luble 7. A typicnl Roil profile 
relation is illustrnted in figure 4. l\('fcrence is to 1'. 'L'irg'l:nia:na unlesR 
otherwise indicated. 

The prin6pal distriets produeing toxi('. plants, designn ted 1 A to 
1 C, Imve a large proportion of toxin plunts growing on the yirgin 
and normally developed surfnee soils of the region. These soils are 
chiefly the mom snndy types of tho Norfolk und Blunton serios. The 
districts designated 2 A to 2 Faro eOl1sitiercd seeondury distl'iets 
producing toxic plants, Of the plunts examined in these districts 
most of the toxic ones grew in sitlln.tioIlS or assO('intions tllltt do not 
predominn.te in the Ioealities in whieh they I1l'e found. Toxic plnnts 
aro, therefore, execptionllll'uther thull (·01l11110n. 'rhey oecur in these 
secondul'Y districts mostly on soils of the i;usqllehnnnll, Tifton, NOI'
folk, Huston, Hud Orangeburg sCI·ies. 

http:predominn.te


TABLE 7,-Daia on the general environments of Tephrosia plants in a number of situations 

.ii; Situa- Location 
c:~ tion I I O,;neral so\1 typo . 	 .., no. State County Lo n _ In locality Species Plant no. Degree of color by Acidity of soil in Oeneral environments 
<:<; ca.1 } 	 Durham test which plants 
(¥l. grow (pH) 

7'. virUiniana ______ 1 42__________ 1 No color__________ 1 7.0 at 3 inclle~. Vigorous plant on slope whert! 

I 	 G.7 at 7 inches. decomposed oak log provided 
thick dark organic layer_ co ____do___________ .1 43_________ .1 Dark blue_________ 1 6.2 at 1 inch. 4.6\' Lrwer down on slope trom 

at 8 inches. no. 42. Thin organlo layer 
1._____.1 Te~8s___ .1 Anderson__ 1 1 mile north- Norfol k san I) and generally lighter colored 2: 

west of Mont (sandbill phase). soil apparently thoroughly ~ aiba. 	

I 
le~ched. 

____do ____________ 143A to 430 _lOne no color; 1____________________ Do"'n slope from no_ 43_ 
otbers dark blue. 6 Inches dark sandy layer ~ 

over light-gray sandy subsoil 
and substratum. rJl 

____do____________ 167__________1No cOlor__________ 16.7 at 2 inches. On normal profile. ~ 
T.onobrvchoidu ___ 68_______________do ____________ 6.;~~~_t_~_I~:~~: __ In bottom of cut on dltoh 9 

bank. Mixed soli conditions. tzj 
chlelly yellow. very fine rJl 

2______.L_<lo____ .1 Robertson.l About i miles Kirvin very fine 	 sandy loam. T. virginiana ______ 1 GD __________ I_____do ____________ 1 4.6_______________ _ 	 onorthwest of 	 sandy loam with Near no. 67. but growing on 
~Bryan. 	 6-inch reddish matted red and grey subsoil 

brown surface (predominantly red). ____do ____________ I 70_________.1_____do ___________ .1 4.5 _______________ _ 	 1-3layer. Young plant growing on tzj
scraped subsoil of the high
way gutter. ~ ChleOy shales parent material.::::~~::::::::::::, ~~:::::::::: ,-i:Xi:h~obiiie:=::::::I::::::=:::::::::::-- 4 Inches dark grey. then 2 
inches ligh t grey. then clay ~ and shale. ..._do ____________ 173__________1No color 	 i>Very little dark soil. 

About 7H miles 1Norfolk sand .. ____do____________ 74.0 ________ Light blue::::::::I:------------------- Root partly in old surface:I' _____ .l. __do ____.I_____do____ _ northwest of ------ ------------------- below_ 
Sand duII'p; neutral reaction. 

Bryan. 	 ::::~~::::::::::::, fL::::::::' ~~~~~~~~:::::::::I:::::::::::::::::::: Virgin seil; nearly level. dark. 
acid surface. 

____do____________ 1 i7__________ 1 Light blue_ -------1-------------------- Near no. 76; less acid and 
____do____________ 78__________ Blue__________________________________ lighter gray. 

Similar to no. 77. 
I Illustrated In fig. 4. 

..... 
-..:r 
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.....TABLE 7.-Data on the general environments of TephroBia p/anJs in a 7~'Umber of situation8-Continued 

Location 
Sft~~· 1-------,----------

no. State County Locality 

General soIl type 
in locality Species Plnntno. 

De~ree oC color by IAcidity oC soil In 
Durham tcst which plsnts

grow (pH) 
General environments ba 

~ 
T. rlrolniana •••••• ! BO•••••••.••! Trace•••..••••••••! 7.0 organic layer, 

6.B subsurface. 
On road-cnt face. Surface soli 

a light yellowish gray, loamy, 
fine sand with little organic 
accumulation. Subsoil nre· 

~ 

4 ••••••• 1 Tcxas....1 ~fi1nm".. I About 4),i miles 
southwest of 
Gause. 

Susquehanna fine 
sandy loam, 
nearly fint sur· 
face but well 
drained. 

••.•do•••••••••••.1 B7~ .•••••.••1 No color••••••••.•1 7.0 at 3 inches 
(dark material), 
7.0 at 6 inches 
(lIgh ter gra,'
material).

••..IM•••••••• ~ ... I B.S•••••.•••. I Light blue ••.•••••1 5.5 In clay •••••.•.• 

••.•do••••••••••• .1 89••.•.••.•. I•••.•do•••••• ~ •••••1 7.0 (durk layer), 
6.0 (mottled
layer). 

•.••do············IIOO·········1 No color•••..•••••1••••••••.•••••.••••• 
••.•do•••••.••••.• 107..............do•••••••••••• 4.2 ut 5 inches •.•.• 

dominantly gray clay, but 
matted with red and yellow
splotches . 

Growing on the normal surface 
soil layer. 

Ou mottled sandy clny layer 
near bottom oC road ditch 
with 2 to 4 Inches oC slump
soil on top. . 

On opposite slope Crom no. 86. 

On crest oC hili. 
On slope oC hili about 5 Ceet 

below crest. 

~ 
t:J 
~ 
!7. 
01 

'" c.:, 

~ 
~ 
I:j 

5••••••• I...do•••••1 Wllson••.••1 Half mile south 
or Guadalupe
County line. 

6•••.•••1 Florida • .! Oknloosa.••1 About 0 miles 
northeast of 
Fort Walton. 

Kirvin stony,
snndy loam; 
high Iron con· 
tent; red shale, 
saudstone and 
iron crusts nu· 
merous. 

Norfolk sand; ex· 
tensi ve, nearl)"
level and uni·. 
form area with I
ruther thick 
growth scrubby 
oak. 

••••do•••""'" •• 1 108••.•••.•• I•....do•••.•••••••. 1 4.5 (leuC litter).••.• 

•••.do•..•••..•.•.1 109•••••••.•1 Trace.................................. 

7'.laliden••••••••• 1 219••••.•••.1 Blue.•.••••••••••.! 4.8 at ()-3 Inches 
lJ.8at 3-48 Inches 
(loose yellow
sand), 6.8 at 
48-60 Inches (al· 
most white, 
q unrtz sand). 

••••do..•..•.•.•• .1 220•.•••..•.1 n""p blue••••••••!.....•.............. 

At same altitude as no.l07,but 
In less stony soil with more 
leaC JItter. 

About 35 Ceet down at bllse oC 
slope; In reddish stony sana 
washed down Crom hill, but 
roots grow In dark, sandy
surface soil oC Norfolk sand. 

Surface soil oC pepper·and·snlt 
gray sand about 3 inches deep 
underlain by deep layer oC 
loose yellow sand about 
4 feet deep. 

Growing on soli layer corre· 
spondlng to second layer
mentioned above. 

t:J 

~ 
o 
~ 

~ 
Q 
q 

~ 
q 

~ 



r.viruiniana-·····1 :122'_"""'1 No color__ ••••••..••...• 

/f•.••do•••••••..•••• 323......... Dark blue .••••••• .!....._......_...._.. 
7_"'_a. __ Georgla••1Sumter ••••• 1 lH mll~s north Ruston sandy ••••do._•••_.__ .• .1 324••••••.•• , No color•••.•__••••••••.••••__......... 

of Americus. loam (deep
phase). _•••do..•••__ •••.• .1 325_••__ ._ • .1 Dark blue.•••.._•••••••••••••••__•••••• 

On slope in norm,,: ~urrace soU 
JByer.

On normal soil, but near 
bickory bark under 2 large 

oak trees . 


On normal 5011 about 12 feet 
from no. 323, but free from 
tree-root infiuence. 

Along roadside where red clay 
was thrown on normal sur· 
face soil. Roots grew along· 
side of roots of large oak tree. 

~ 
;J 
UJ 

~ 
9 
t.=l 
m 
o 
f>j 

H 
t.=l 

~ o 
UJ 

~ 

~ 
eo 
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PIUNCIPAL DlSTRICrS IN WHICH TOXIC PLA,NTS OCCUR 

District 1 A is characterized by the uniformity of its soil and 
vegetative characteristics with a 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 situations where environmental factors vary from the average. 
Nevertheless, it is believed that on the whole this area is probalily 
the largest area of uniformly toxic plants. As previously stated, the 
predominant species is T. latidens, T. virginiana not occurring in this 
district. 

The soil is classed as Norfolk sand, although it is recognized that 
the parent material is a comparatively recent dbPosit of the lower 
Coastal Plain. Deromposition and leaching processes, therefore, 
have notprof!:ressed to the degree that they have in the older geological 
deposits ID dlstricts 1 Band 1 C or in the sand-hill section of Georgia 
and the Carolinas. This latter area 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 neoded 
regarding the toxicity and root growth of this species. Whether T. 
virginiana can be ~rown in this district must be determined by trial. 

In district 1 B It is significant that all toxic plants grew on a soil 
classed as Norfolk sand and in 'situations where the surface soil had 
not been disturbed in its normal development. On the other hand, 
aU nontoxic plants on this same soil txpe grew in situations where 
the feeding zone of their roots WflS in SOlI from other layers of Norfolk 
sand or in a deeper less-acid surface soil. This is illustrated in 
figure 4. 

This correlation between soil environment and to:-..icity of the plants 
occurred in several localities in district 1 B, namely, neal' Montalba, 
Stockdale, Bryan, Harleton, Nacogdoches, Milano, and Winona, Tex. 
The locality near Winona is locally known as Sandflat, within which 
is a nearly level, quite uniform area of Norfolk sand. Most of the 
tested plants from this area were toxic in some degree. Outside of 
this area, where low-lying ridges and knolls, shallow valleys, and 
seepage spots occurred, more of the plants examined were nontoxic 
or only slightly toxic. There evidently is some relation between 
environmental factors 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 It rule, nontoxic, 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 nonto:-..in plants, chiefly members 
of the Kirvin, Ruston, and Orangeburg series. 'fhay are char~cLer
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 plantrfood material lIas talccll place. Such soils as these 
occur in close pro:-..ilnity to all localities in which toxic plants occur 
in district 1 B. Thcy occur at Harleton, Nacogdochcs, Sandflat, 
Montalba, Bryan, and Milano 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 also on those of the Leon and Bladen series. These 
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 thorou~hly leached than the sands of that district. 
The Blanton soils are lIght-gray sandy soils occurring typically on 
low;-lying_ knolls within the so-~alled flatwoods of the .lower Coastal 
Plam. The Leon or Bladen sods are more poorly- drruned and com
monly adjoin the Blanton. Scrub oaks, some pme, wire grass, and 
scattered palmetto are the common types of vegetation. On the 
Blanton soila the oaks, and on the Leon and Bladen soils the pines 
.and palmetto, predominate. The probability that ve~etative 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 oaks and the roots of which 
did not appear to be in close pro:"..imity to oak roots were nontoxic. 
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. 

SECONDARY DISTRICTS IN WHICH TOXIC PLANTS OCCUlt 

Many toxic plants occur in district 2 A, but they apparently occur 
only in those SItuations where some factor has prevented the develop
ment of thenormal soil profile of the region or where vegetative in
fluences are apparently active. The former are chiefly eroded soils 
or so-called bald spots, or they are exposed su bstratum layers occurring 
along road ditches, stream banks, and railroad cuts. On the other 
hand, when toxic plants are found on the normally developed surface 
soil 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. This is an area of Blanton fine sand. 
The surface of the soil was more or less barren except for the cover 
provided by scattered palmetto plants and a rather open forest 
~rowth of scrub oak and scattered pipes. Here 37 plants were tested 
m a tract of about 2 acres. Only two of these plants were toxic. 
One of these toxic plants hll(1 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, it is significnnt that of the seven plants, five were toxic. 

In district 2 A toxic plants were found growing on Susquehanna 
clay and clay loam. TIns soil results from the removal of the former 
upper layers of the soil profile, thus exposing the original substratum 
layer or the partially altered parent material layer. As a rule, plant
food elements in this layer are not readily available! and, therefore, 
plants are not commonly established on it. It is sigruficant, howev.or, 
that all plants growing on the less-altered layer that were tested 
were toxic in some degree, the degree of toxicity being less in. those 
plants growing in situations where a thin organic surface layer and 
one less acid liad developed. On the lower slope of these clay knolls, 

http:howev.or
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where a definite surface scil layer had accumulated, only nontoxic 
plants were found. 

In districts 2 Band 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 soils in these districts, ~ained 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 secondary districts of toxic plants, but occurring more rarely in a 
principal district, was noted. Here plants varying in degree of toxicity 
were located on the subsoil or substratum layers of Susquehanna fine 
sandy loam, whereas others located 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 occur on the normal surface soil and the nontoxic plants on 
subsoil or substratum. 

AREAS OF NONTOXIC PLANTS 

It has already been mentioned that in certain wide areas, with few 
exceptions, only nontoxic plants are found. Within these areas the 
relatively few plants that were somewhat tOAic 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 nontoxic 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 areas in which Tephrosia virginiana 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 
Oklahoma, 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 occurring 
tyPically in the vicinity of Columbia, S. O. 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~ these latter soils are more abundantly supplied with all the 
clements essential for plant growth than are the deep sands of the 
sand-hill section or the sandy soils in the principal districts 1 A to 1 C. 
Other soil types on wllich toxic plants have not been found in aU 
cases are similar in character to one or the other of the two groups 
mentioned. 

POSSIBLE SIGNIFICANCE OF OBSERVATIONS 

When detailed studies of Tephrosia species in the field were under
taken, it was hoped to obtain definite information on the causes of 
variation in toxicity. No relation was found between toxicity a.nd 
noticeable variations in visible botanical characters. On the other 
hand, .soil studies furnish indications that soil and vegetative environ
ments pIal 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 T. virginiana may differ in 



23 NATIVE SPEOIES OF TEPHROSIA 

ability to develop toxicity. If strains are found which prove, capable 
.of developing toxicity when grown on soils and under environments 
that.now.app~ar unfavorable to the development of toxicity, than the 
studies.on enVll'onment naturally become secondary. Even so, certain 
environments may tend to make toxic plants more toxic, in which 
case an accurate understanding of such relations is of practical 'value 
in developin~ possible conunercial production. 

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

Tephrosia virginiana and T. latidens, and to a 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 plants 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, Orockett, and Alamance 
series. In a very few instances toxic 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 nearby on which non
toxic plants were growing. 

Soil characteristics of the several habitats offer a number of interest
ing comparisons. The sandy soils of the Norfolk, Blanton, Bladen, 
and Leon series are derived from comparatively recent geological 
deposits of the lower Ooastal Plain, except that the Norfolk sand of 
the sand-hill section is derived from an older geological deposit of the 
upper Ooastal Plain. In the case of the more recently formed soils 
of these series, toxic plants were found ~rowing on the normal undis
turbed surface, whereas on the older .soil of the sand hills, the plants 
while ~rowing extensively on the undisturbed surface 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 beem 
removed from the surface soils derived from the older deposits hy 
leachin~ and weathering and apparently is not available in sufficient 
quantitIes to produce the toxic 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 mayor 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 special 
environments. Proximity of the plant's roots to other ve~etation, 
particularly oak roots, seems to have such effect. In these SItuations 
the soil was. more acid than elsewhere in the surface layers. Also, in 
most instances, plants growing on the less-leached lower layers of 

http:studies.on
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these soils were more toxic than those plants growing on the surface 
soils. Where the surface soil had been changed from acid to neutral 
or alkaline through the decomposition of oak logs or the burning of 
logs or brush or through other influences, either the necessary sub
stance was less available or conditions were unfavorable in other 
respects because in such situations the plants were found to be less toxic 
or entirely without toxicity. 

Toxic plants have never been found on Greenville, Blakely, Houston, 
Cecil, 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 J?lants. 

Considenng origin and composition, it is not reasonable to assume 
that the soils that produce nontoxic plants are deficient in an element 
which has leached 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 soils on which toxic plants commonly' 
grow and should conhin similar materials. It is assumed that If 
such soils contain any toxicity-producing substance that may be 
contained in the soils where plant toxicity occurs, then their failure 
to produce toxic plants must be due to other substances antagonistic 
to toxicity. On such a basis it might be further assumed the inhibiting 
substance has been leached from the soils producin~ 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 Norfolk 
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 
elements, 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 pJays such a role, it is 
probably one that is present in very small quantities. The soil 
analyses would, therefore, have to be very complete and made on 
many samples. Sampling would be difficult because the roots usually 

,extend considerable distances and frequently :eenetrate into several 
soil strata differing in composition. The possibility that the elements 
absorbed by the roots might give a clue haE: been considered but the 
analyses 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 8 of the 
ground roots of six toxic and six .nontoxic plants also failed to show 
any correlation between toxicity and the elements present, special 

I Tho writers gratefuIly acknowledge the collaboration of o. R. Wulf Bnd E. H. Melvin, Bureau of Ohem
Istry and Bolls, who made the analyses. 
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nttention being given 1;0 thos(\ demeuts (,]w.t tll'(J ge/lerally 1)I'cse/lt ill 
small quantities. 

GENETIC CHARACTER A POSSIBLE FACTOR DETERMINING 'l'OXICI1'Y 

The fact that distinetly toxie plnuts of Teplu'oS'i(1 vi7'fji'fdana, nrc 
rarely, if ever, found in the northern section of the plant's l'nngc 
suggests that, in a broad sense, (.·limate. may 1Ia,ve some l'clation to 
toxicity, but climate cannot be a, factor by itself bectUlse toxic and 
nontoxic plants oceuI' side by side in some southel'll Ioealities, The 
possible effects of soil and vegetative environment on toxidty lw,v(', 
been discussed, Another possibility is that the ctlPucity to produce 
rotenone and related toxic substances in varying degrees is a genetie 
character. It has been pointed out thut toxicity n.ppnrently ha.8 110 
l'eilltion to visible botanical chal'ackl'H, but toxicity, or the capacity 
to produce rotenone and reln,ted products, may be inherent in certnin 
st1'llins of the plant and lacking in OtlIC],S. It' the cnpflcity to produce 
rotenone is due en tireIy to such fl, gpnetie dlfll'netcr flnd is not influ
enced by other factors, ull the plnnts possessing sHeh ehurneter should 
exhibit it, regardless of tho Ioeality in which they grow, which is not; 
the case. On the other hand, if ('('l'tttin NIZ'ironments intN'fere. 
WitIl the pcrformanee of this fundion, nontoxie individuals of til<' 
same stmin would be found in some. loeulities. The logienl npprolleh 
to an understanding of tIlis question is to grow plants of known ([unlity 
in localities in which the quality of plnnts nllturll.lly o(,culTing therp 
has been determined. In this way it may be h'llrned whethpr toxic 
plants from Texas efln be transferred without {'Ifeet on their toxic 
properties to Ioealities in the Southem,t in whieh no toxi('. plnnts 11Iwo 
been found. Also, it mny be lenrned whethel' nontoxie plants II'om 
the Southeast will remnin so when tl'lll1sferrcd. to ~t IO(,lllity in Texas 
where toxic plants nntnrnlly Ot'cnr. Sneh t'xpel'imonts nrc under way 
in several localities. If soil en vironll1cn i; is the determining Inetor, 
then the commcrcil11 growing of the pIn 11 t lIlllst be restricted to eel·tnin 
limited areas unless some pnwtienl mcttllS of lIIodi/'.ying sueh en Vil'OIl
ment is found. On the other hand, if a genetic fnctol' is entirely 
responsible fOt· the yurinbility iIi the plant's toxi('ity its ('ommerciul 
culture may be possible in those l'egions in which the phtnts grow 
best and which nrc not well adapt.ed to otllt'}' ('rops hy providing 
plnnting stock of u('('cptnble quality. It is possible thnt hoth genetics 
and environment arc important fuctol's and some evidellce supporting 
such a theory is at hand, but lIIuelt ndditionnl study is ncccssul'y 
before it may be accepted or dis('i'trdcd. 

The highest l'otenone content recorded in table £I-namely, l.S per
cent-was found in composite root samples i'rom Tyler nnd Hftrleton, 
Tex. Inasmuch IlS nontoxic plnnts also ocellI' in these districts these 
composite snmples undoubtedly included some roots contuining little 
or no rotenone and others contnining it perccntnge of rotenone con
siderably higher than thn,t of the composite sltmple. It seems prob
able, therefore, that by un examinution of mn.ny individuul plullts in 
such a distriut some would be found with t'\, considerttbly higher rote
none content thun her~tofore noted. Several plunts ('.ontaining oyer 3 
percent of rotenone ha,Ye already been found in. the Snndflnt district. 
In Texas, and these are being propagated. Whether such plants nmI 
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those propuglLted from thcm by nowl\ division wili hll.\·C. all equally 
high rotcnone content when grown in other distdds is not known, but 
they can at leAst be used for gmduuIly increasing plnnting stock nnd 
thus provide the means for more extensive field experiments. 

Preliminary experiments on the possibility of de\'eloping toxic 
strains of Tephrosia hu;ve been undertaken. Unfortunately, howc\'er, 
attempts to insure self-pollination by enclosing pltlllts in insect-pl'Oof 
cages were not successful, pmcticnUy no seed pods or seed being 
obtained. l!'m·ther studies of controlled pollinu Lion are plnnned, In 
the meantime, 125 plants from open-pollinllted seed from !) parent. 
plants have been subjected to the Dudllun t('st, ns have 20 plants 
propagated by crown division f!'Om the snm(' pill'en!; plllnts. 'rhe 
results of these tests 1I r-e shown in tllblt, ~, 

'('AMI.t: S,-l?e.~ull,~ Ilj Ihe 	 /)1L1'/W/It lil$/ lin "IIlI/.I,~ 0/ 'I'ephro,~il/. f'iruinill'lllL prtJJlILUIIJed 
jr(l//I. ,~P,/lIl awl by rroll'!/. "ilJi.~illn 

l'hulU (rOIl1 ('rOWIl dh'ision 

193, 
~ -". 

pale: Jll ~ 1)~~Jl ~ Pule 1HJ I i.JCt!I. i Xfl . 'l'rJl(fI,\i ·11)·laIJI~.~ HI )),lep
hille ! III! I bhw I hili"' lie . hllle I ('olor ,Ill' , f,rtW 

, Ii! 	 ,---------_.. -_. .. -- " .~ 	 
t.Ylllll~ l.\r(t ", •.l..\"'ItIll.r.\'"'u",JA~tlm·I ...\"Ul/J-; 4YII1U./" oAYUIIl- ""Vu m~ ..""u m· .\"u m~ 
Iller I I"'~l I ber 1 bfr 1 b"~1 I IJeT i heT brT. btr I",., btr 

1..-15••••••••• .,,, •... " 	 lJ • 
1..-21.•••••• ;\ , ' ;:1 I 1 ~J I~[ ... 2'2••... 

lr-Zl, .•.. f ii /:1 I I J 5 

Jr-32•••• 2 ~ t. J ' fi ; . 

L-34... _ 2 " 11 . 
lr-59~. . i ·1 ;l 
IrU4 ••. ~ 1 5 ~ 	 1A: ;1l..-i:L •. 	 Iii 

'l'he plants from crown diyisioll t~sted in 1934 fl.nd 1\);35 WNe the 
same so far as possible, Thus th(~ three plants from J.,--21 tcstedin 
1934 were included among the foul' plauts tested in 1U:35, The results 
in these 2 yenrs then indicate something of the YlIl'ifl.tioll thut may be 
expected in the sume lliunts from yenI' to yenI' due either to enviroll
ment, method, or both. Ne.vertheiess, and ill spite of the slllull ntlll1
bel'S, it appea,rs that the variation 1I1l10ng the seedlings indieu tes hered
itary varin.bUity in toxicity. Furthcrll101'e, the datn suggest (though 
too mengel' to do more) tlutt plants tending to be more toxic tend 
also to have iewC!' seedlings in the slightly toxic or nontoxic groups 
nnd thereby warrant inrtiler expt'l'imellts along this line. 

MISCELLANEOUS STUnmS OF TEPHROSIA VIRGINIANA 

The sliudies thnt have so fu!' been made llnd the !'esults obtained 
hnve naturally sllggested llumerOllS points l'cgnl'<iiug which informA
tion is necessury. It is desimble to know to what degl'ee individual 
plants in a smull Iil'el1 differ in toxicity, cspc('illlly in it lOC!l1ity where 
t,heir conunel'cial {'ollection would be most logienl on the bnsis of infol'
mntion already tit hllIld. The distribution of Ow toxin sul)stanees in 
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indh'iduuJ rooLs of \'uryin~ sii\('. alld in Lile sen'ral root Lissue~ must 
be determined. Iufol"mu,tion on toxicit.y in relution to the plant's age 
and to the time of the yenr when the roots al'8 colleet('d is impol'ta.nt. 
Considerable datn. on these questions nll'endy obtnined will be pre
sented hero, but ndditionnl inforlllation is ('xp('dNI to be dey('lopNI 
as the investigations proceed, 

To determine the YHl'intioll in toxi('ity of nl! individ ual pll1n t" of 
wild Tephl'o8io l'il'yinill'/l.a gl'Owing in n. district in 'I'('xas wh(,I'p toxi(' 

•" 

j 

" 

..•..) 
'J 

)." II 

'J, 

(II.', ..• 
tJ2 

• 
It 1~llO 
12 

~- TO WINOUO\ H,';'HWA,Y TO So\NOft.AT-J

• O,RI'\ BlOC OR orrp Bl"r ".,,5 .. Deep BLUE () Bc"r '. LI~IH B.\JE 01\ TA,:r 0 NO COLOR 

FIr;rJt~: 5. ··Jl'o\!rity o( indh'ill",,1 pirlllt~ {)( wild 'l'en!lta';11 !'irvin;III'" on I ~q""n' lIere of :-.'or(olk ~nllc\ 1I~lIr 
~lIlIdflllt. Sillith ('Olllltr. '/'I'X., lL~ irhlklltc<l by tho dcgrrt' o( ('olor hhtnllll'd with th,' I)lIrhlllll Icst 011 
n(>Noni~ (ixtrnrts or tll1~ routs. 

plnnts prt'dominn.te and whpl'c soil ('olltiitions nro r('nsonnbly uniform, 
the roots of nil the individuul plants on 1 squltre ncrl' in such It distri(,t 
were tested, The soil n('idity itt 8-iJl('h and u-in('h lcyels under each 
pln.nt wns d('termilled with the 1.11, :Mottc Duplex indicator and cn
yir"onmen ts noted. The jl('('O sclected is on a level trnet, known 
locally as Snndflnt, betwf1en Lindale and ,Yiuona, about 6.5 miles 
due north of rryler in Smith County. The soil is e1nssified as Norfolk 
snnd with the surfu('c soil undisturbed in its normal development. 
It was cut OV('r some yenrs ago nncl now hns It "e('ond growth, princi
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pally of t;(,l'uh ouk with Iwuttt'I'pd pillC'. HI'O(lIlI~t'd~t', poisoll-ivy, 
bullnet.tle, some yu('('a, u,lId lin o('('usiollu.L ('HC'ttlS (,OIlStitutc the slIllIll 
vegetntioll. The plot hus neve!' been under cultivntion hut at one 
time wus pustured. Two hundred und twenty thdfty plants of 
T. t>il'[/inia.na. w(,re found on this plot. 

The pln,nts wcre dug ill mid-Septembcr 1935. The roots from ea('h 
plnnt wel'e dried, groulld, nnd cxtrllcted for 7 hOll/'S with Ile('tone nnd 
the extructs nHldc to volume so thu.t 1 c(' }'('I)I'('scnted 0.4 g of the root. 
These w('re then tcsted lJY the DllI'hnm method in s('\'cml dilutions. 
~rhe dntn, obtuilwei nre u,;'sernhled in tahle 9. The JO(,fttions of the 
individunl plnnts in thl' plot nnd the degl'(~c of ('0101' obtniucd hy the 
Durhnm test on 0.2.5 ('c of the IIC('tOIl(\ cxtl'a('t ure shown in figure 5. 
The tests were made nt gl'ent('l' dilution thnn usunl in ordcr to differ
cntiute between those silntples thnt gi\'(~ n. dnrk bluish-blllck opnque 
('0101' whell the test is 111l1d(' on cxtTHds of grcnt<'I' ('olH'entl'lltion. At 
the dilution used the most toxic extnH'\:s still giy(' nn opnq ue ('0101', 
whereas those sOlllcwhn t lcss toxie give a dt't'p htl t tr'n IISpttrellt hlue. 

T.HII,~J fl.-Degree of colo/' ublained l,.11 Ihe Dw·hU'//I. il'st on il/';il'idu(!11,lalll.~ of wild 
7'e1}hro.~ia !·h·f/l:uillnll on , acre '/:'1/, Ihe Salldf/al disll'iet 'in Smith ('o/lnty, 'l'eT., and 
Ihe elll'irO/l.Ulef,l. of 811Ch 1)l(l1/.I~ 

--------_._----- -"' 
J)e~r~e of ('olor I ohlnine<l hr llurhlllll lesl Oil :-:;nillwi,1ityU('t'lOIl(I tlxtrnrts of the nultN (0..1 g (0 1 ('(OJ 


llsing-
 III 

I'bllt nn, 	 1:f}virrlIIJIl11nl 
; 

!I·inc·)1 r,·inrh
J 

rewl le\'el
J ('t' (ta ('(0 0.25 ('(' n. t rc' () fJ!i (.(~ J drnp 

1,1,1 _ Jl/l
S I ii ·1-'· a 2 h. I 5.7 ! In Opt'n.L:::::::::; 5 ii ~ 2 I Ii j I 5. ; Do. a... _.• ~ .......... [, 4 :1 2 .... 2- II fi.7 ;'.71 In 1<'11\'('5 lind hw'h..,4- 5 4+ ·1 :I .I.!I ·1.7 I l'nllt'r ollk tn·e•" I 0.2 5. U j Tn poison·h';-.5~ ... _.. ,.. .. 5 5 '\ 2 

O. r. £> ~ 2- I " 'I 	 5.5 5.8 l'nder oak In·('.
7~~ ... _~ ... ~ - .. 5 £> 5 -I :I ~ n. ·1 4.!! Do.
8_ o ~ .. _. ' 

~~ 

• ~. 5 ,~ ,,+ :1 ~ 1 .1. j 4. i Ilo,
0.. .'I 5 .' ·1 ;1 2 n. ; ·1.2 ,In oPI'n.HI.:::::::: [, 	 " ') Do.5 	 5 :t 2 5.2 

'H- In 1~lIf Iilll'r 111111 Imllllll ll ..... _..... 5 5 :1 :! .5, ~ ·l,~ 
.I'll!;('.

I12_~._ ... ",,,,, _" t J. ~ ·1+ a !!+ :! -I.:! 4.2 Iii broOIll~(·dgl'.
13...... _•••• , ,0; 5 ,~ 4+ :1 2+ 0.2. Do.
H ... _._ ... ,0; ,~ !i ·1+ :1 H '.1"1 

~ ·I.U 
,1.;- i In OI1l'll. 

15...... ~ .... _~ ... " !i ,1 !i 4+ a 2+' 11.0 , 4.7 Do. 
10. . ....... 5 .i .J+ a '2+ 11.2 5. ~ f Du.
17....... ____ / " I
5 Ii [, '1-1 a '.?.J.. '1.0 (1.0 I Do. 
18... --- ••••. , !i 4 :1 :! ~- II IVj' ! 0.5 ' Tn Jluison·h·y IUHh'r ll"k 

Init'.10___ ._...... J 	 .,!i 5 5 ·t+ :! n.2 o " Inrnwll. 
20........ \ fi 5 ;, ·14- 3 2 fj,5 Ii. 2 Du. 
21. ......... , 5 [, ,1+ ., a :! [) -; ·L 2' Do. 

22.... _...... r. [, 4 :I " J Ii, 0 5.2 Do. 

23.... __ •••• _ [, Ii ·1 3 2 I .1. ;- ·1,7 (,In~(' (0 )lilli' s~NNinK . 

24..... _..... 5 r. 4+ 4 :J :! It; fl. 7 :-:l'xt to yu('rll.
25. 5 [, H ,I :1 ~ 5. ~ 4. !I In O\'('n.
20•. ::::::::: [, 5 1 r. 1 :I 2 II .) (\.~ )0.
27•. 5 5 4 :I .) !l- 0.0 o. ~ '!In.i 	 '.28... :'::::: 5 Ii 4 ill· ~ 2 5.2 . ., i' 'Do.211 ••• ___ •___ • 5 ! ., 4 11+ :1 :! 5.2 fl. "2 III hrooIllSt'dg_'. 
30•.. _....... 5 5 ·1 :1+ :\ :J ~- ·L i I 4,7 , Do.
::II .. 5 5 " :1+ :1 :! fl.!! •1. 9 1)0• 
32..:::::::: 3 i ~J-l 2-r, 2 2-·' I Ii.!.! Ii. 2 In IIPI'n. 
3L 5 : ,~I 4+: ·1 :t :! 0, (I II,:! In poison·h·y.
:I:I-A.::::::. 5 a 2 2- 5 I) .'j.n InolwlI .

I:14 _ ...... 9 ... _ ....... () 	 .. ... fl. i 5.7 Do. 

as. 5 	 :1 , 2 ! 0.11 I 

t 0.0 \)0.Ir··;,'I.. ··-··,,+;·' , 
~ ~Jr,...~.\~::::::: 0 ." "" .. '" .. ~ ~ ... - ~ , -~ '"'~ ..... .. - U.7 Ii.~ : In OPl}l1; hn\'llr suit Iny~r 

I dllrk. 

I The numeruls refer III the degree of c'olor ollluinell us follows: ii~,lurk hitit': ·1+"'<lI"'P bhw 1'''''; 4=11t!~p 
blue; :I+=hlne phlH: :!=bluc; 3-= blue minns: 2""1I~1it hlue: I '~Imel': U" HO('lllor. 
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TABLE g.-Degree of color obtained blJ the Durlw/ll. lest on individual 1)[anI8 of lI:ild 
Tephrosia virgini(wa on 1 acre in titl) Sandflat district in Smith COlmly, Tex., and 
thl) environml'nt of slich p[(/nl.~ 

Dc~rcc of color ohlniur,l by Durham lcsl un 

n('clono exlrllcls of IIw rools WA 10 I ('('J 


~(lilllci(\iIY 
~ 1I1·~IJSillb . 

Planl no. Elt\'irOJII1\t"1I1 

a·inchtL2li ('t· : 11.1 ~(O -()'(~~'O('I I drop f; .. ir)('h
I('\'('I ) level 

I,ll
an ,. \" :1 " 
"II

II. ~ 1),2 In oprn.
37. ;, r. .\ . :I " li. j ;,,2 Du.
:18 :. :. 'I t· a ~ .. (j,!! 5.9 1)0,
;111 	 ,. J. 
< 

Tl '\' 	 a :.!+ fl.!! Ii. 2 J11 hroolJl:;(·rI~(1 ..ill . ,; I' a !!f II,(J Ii. II 1)0.
·11 .. r. .\+- 3 :Ji- 112 lI.n In OI)(ll1. 

" 

,t~. 	 .,;, :1 21 \ tV; .i. i Jn JllJjs()n~i\'y Oil ohl 
ruad\\,IlY.·1:1 	 ., .0 r. 1+ :1 	 :"!t .j, ~ <1.2 (In old roadwll}',0\4 	 ;. ,j,r. '\ :1 " Ii.!! In OP(III.

·\5 
:, 
0' r. 4 " 

., a ~ n.!! ~;~? 1 Do,
·If> ·H· I :I Ii. 2 fl. 2 I n hrOO1l1S(ld~t'.
-17 r. . j :\ ~ :! . 5. -; 5.2 I Do,
·IX .j :\ ., !! ....
" 	 :',2 5.2 B(\l"iili{' old pilH' SIUJl1p~·I!) 	 :1 a·· 2 n.2II 4. ; I \·lId(lr!'i('ruh oak.50 	 II ., 	 ii." III 01'('11.5:1 .. ' 	 :\ :\- J II .t -; ~:~ ; \)0.52 :H 	 :1 2 ro.2 h.2 ~('Hr :ocruh ouk.53 	 6. n fl. n : III OP~II.54. 	 ;1 
:1 
:j 

2 
2 n.2 , 11.2 ilo.s.') 	 () n (J .'i. 2 J)o • .'iU .. 1 .. [. \ ;j.\. .'i. 2 .. , Do.
57 

I 
I a 2 II Ii. 2 G.2 Do.
5S. 	 :i -I 	 2 I 0.2 Do.M) I 	 CI X·?, i 5, ; 

60. 	 . - I ('ntler s~rllh ollk.
:. .. 2 l"t 11. I~ r.. i lJo.
iiI 	 [. ., :1+ :~ 5,2 .1 2 ('.lose (0 pine, Ire(·. 02 .... ---·,1 	 :. r. -t a 6.2 ii.!! In opell.6:\ 	 fi I 'j ., 
6.2.. 	 a-t 6,2 J fl IJroolllscdJ.:p..(H ! 	 .... I :I'f' a ;i. ,2 ii.:! l cndcr willi ~rall(l\·iue.
r,., ! .. :1 11.-1 Ii. 21 In OPCl1 f 
:H 	 2 

')li 	 r~ ;. I .,n, ;, 
H, :I 

:1 
Ii.n ft. Ii , Do. 


I' IL·' !i i Do.
IIX r, 	 .,I ~l t .. H.,1 It·' 1\<\jllcCllt III roll i"~ I,,~.Ii!!. 	 ;. :1 :t, :!*" 7.0 Ii.!.! In npell.
,U :. :. ;H :1 ., J t· Ii 7 fi.O I II hroolUscdgr.
-7\.. ., \; .\ ;\ ::!·t ill 70 Do..- .. ;. :Jt a 1.+ _1. -; ,i,2 In opell • i:l . () " 	 (L 2 n.2 Do.7-1 	 n 5. ; fl. 2 l'llfler semh "ak.71L ;. .,:1+ 	 2 I n.·j fi..t In poison·h'~·.,{) .. ;. ·1 :H· :1 2 II.I) H.2 Adjlltent to rOllin~ io~.i7. 	 r. r. I :1+ a ., n.7 I Ii. '( III open.is [, .\ , 	 .,:1 7.0 117 \)0.7!L 	 .. .. .1 :1· .1. ; fl. j In open; lower soil lUH'r 
dark,.,SO. 

~I .i 
.. .. 	 .1 ., 2 /l., 1i.·1 III Open • 

:l I.. 2 Ii. 2 I IJ hm$h 111111 fill/en tree. 82-\ 	 ;, ., .. ;; 
82-2~ :. :. 	 ;1 ! fi.2 7.0 !e ll OJle~,; lowcr Roil Inyer
82·3 ii .. 	 .! 0' F dark. 
,<;;1 -} 
~·I 	 ;, 

.., .. ;1 .,2 11.', Ii. G l"'mler n I)illc Ifl'l'.• I 5 ·Ii 	 :1 Il.;} Ii.fi In opell.IH·2 	 Il ",5 j 11.5 \)0.S!L ii ;, 	 ;1 2 ,I. i I G.2 At ed~c. of wood; lower 
soli lurer !Illrk... ,I-;SI) .. 	 :1 2+ n. G : fi . ('nder II pine trw.87 	 ., .' 	 4 ;1 2+ li.n f 5. In hroomscuge.88.:: 	 .. a 2 	 1+ 11.2 Ii. \Jo . 89.••. 	 J~ " ;j ~ l-	 0 n.2 ! Ii. Llo.110 .. 	 [, oj,. a 2 2- I It/l i n. In oPen.01. 5 .. a '2 ~ 6. ilo,02•.. 	 ~ ., ., 11.21a 2 Ii. 7 ti. IJo.9:\.._ 	 ;, 3 2+ fl. 2 0. On old rnad","),.PL. 	 ':1 !!.' ~t H.2 ! 	 H • r udcr wild grupedtls;\'5.. r. .. 	 :l+ 2+ ' . , 5~l. l.~ III open.~m._ 	 .\ .

97.. __ 
r. 

;1 
;J I 2 It H fi. I III hrn()!ll~cdge.

2 1 n .s f) In I)l'ell.U!t 	 " 1i .." J ati 1 fi.!! f ;1. 1)0 . !lIl._. ,.~-t, :1 :! ., 0 H.f1 r.. \)0.100.. I ~ -1 li.4 I fi. Du. 



'l'AHLg 9.-Degree oj color obtained I:!lth,c /)/11'11(101. (r.ql 01/. illriil'idlllll l)I(Jllt,~ oj ldld 
7'cphro.,ia l'irginian(£ on 1 acre in the Sandjlat rHstl'icl in Smith C(ll/.nly. '1'('x .• alld 
the c,I!'irOllmCltl oj slIch lila nls 

IDegree (If ('nlnr obtai lied lIy Illrlllll." t!'q flll 
~(lil iH'idityncetone extracts of the roots (O..! ~ to I !'c') 
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0.2 i Adjne"ll\ In rnfl ill~ I'illl'
I 81111111'. 

,1. III opt·l\. 
'1. i Adl*ot'(lnt til :o-.~·I'uh oak, 
.1. In lrOnllh('tl~!·. 
.1. .Illopt·!l. 
••• (lu. 
.1. Du. 
.1. Iln. 
·1 !In. 
.1. Du. 
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'fA BLE 9.-Der/rrr: oj c%r oll/ail/.cei by tho Dl/l'lwl/I Icst 0/1 inulr'idlLal 7Iialll., oj wild 
'fe1JhTosl:a m:l'giniu1tCt (In 1 (lcrc in Ihe Sandjiat distriel in Smith County, '['c;r;., (!lid 
lhe environment oj suck lJian/s 

DC~rC(1 of eolor (lblllillell Ill' IJUrh:uIl tcsL on :;\l1l ne[dlt,

1I('cl.(lnc extrnl'l~ (If Ihe rnots (0..1 g La 1 C(') nt- 
lIslng

l'lant llO. Etl\'ironment 

f,·lnchO.ll'(' le\'cl 

htopen.
Du. 
])0. 

Besidc old rlll"I\\'~)'. 
On <JY~:olldll·ny. 

nrl'ideon nld fUadll'ay, 
f,.2 On old rondwuy. 
5.2 lIcside Illl olt! r·ulIilw:.)'. 
·1. i Do, 
~. ~ On old roudwa>·. 
tl. , Do . 
.1. 1 fll!side old road",,,),. 

,I." 1)0. 

-I. TOo. 

[1.2 1)0. 
il~2 )n.. 
ii.O flo. 
fl. -; In lJtleu~ 
5.2 rnder s('ruh {,nk. 
5,2 Do. 
fl. 2 \)0. 
7.0 III open. 
Ii. 0 .1)0. 
0.2 \)0. 
n. i In hnHI/llsctl~P., 

},\lj"'~mllll ~l'ruh ollk. 
In()J~m. 

Do, 
Ilo. 
flo. 

I n l)rt)o11Is\~tl~1~. 
In uIWO· 

Illl. 
10 hnHIJIISclh:c. 
In (lP~J1. ~ 

!Ju. 
I)"
ilo. 
llo. 
Dn. 
ll". 
Il", 
1l0. 
\)0. 
\)0. 
flo. 
Ilo. 
Illl. 
1)0. 

Of tho 220 plilll{,S in the plot, 11 wcre nontoxi('. IIlId 83 were included 
in the group of mnximulH toxicity. Thus only 5 percent of the plnnts 
wen} nppal'enMy without t,oxieit,y, anotll('I' [) pCl'ecnt W('I'O pmeticuUy 
so, npPl'OxiJl1iltely 20 })cI'eent were of modernte toxicity, und almost 
70 per('.ent ('1111 be regarded fiS deeidedly toxie. As this smllll plot is 
nppnl'cnl,\y t.ypi('nl of the .level pOI't.ions of the SnndUnt district, it 
seems rensonnbly ('.crtnin that t.hroughout this district 11 similar pre
pondern nee of toxie pIn n Is oeellrs, and thn.t ('lIltivntioll of the plant 
t,here will yi('ld.fl.)'ooti (TOP of good qUlIlity. There lire probu,bly few, 
if any, other distriets of simi/Ill' siy,(\ wher~ pltlnts of this species with 
roots of equnl quulity enn be foulld in sueh proportion. 



An inspection oC IigU/'(1 5 suggesLI:l that the plantR are to some extent 
grouped with resped to location nnd toxicity, although this indication 
is hardly definite enough to be significant. Thus, in the lower-left 
corner there seems to be It prepondel'al1C'e of toxin plnnts; in the upper
left corner is It nluC'h smnller proportion of surh plants; wherens, in 
the right centel' medium-toxic plants prodominnk 

No correlation enn be noted between the toxicity of the plnllt and 
the ltcidity of the soil. Eight plnnts grew on soil the top layer of 
which wns pl'!lcticnlly neutrul (pH 7.0 nt 3-inch level). None of these 
reeeived. a color rating below 3 nnd only three of them it rnting below 
4, using 0.25 cc fOI' thc t.est. 'I'hPRC may bo complHcd with another 
grOllp of eight groWUlg 011 very Ilcid soil (pH 4.2 to 4.7 nt 3-inch level) 
whieh nlso i.ncluded none with II, eolot' rntillg bplow 3. As evidence of 
the nppnl'()llt Illck of corrclntion between soil IIcidity Ilnd t.oxicity in 
this locality, nono of the] I plnnts giYin~ 110 colol' nor of the 11 giv
ing onl.1' It lighfi bhl/} or trneo is included 111 the two groups mentioned 
growing respectiyoly in soils of mnximum lind minimum IIcidity at 
the 3-illeh level. The]5 plunts thnt rnnked highest in toxicity grew 
on soils showing n pH Yfduo mnging f!'Om 4.7 to G.7 and from 4.5 to 
6.7 ilt t.he 3-im'h und 6-iJH'h loypls, I'Pspectivcly. The] J plnnts thllt 
gllye nO eolol', ('Y(l1l with tho eOJ1eNltl'lltcd extrnets, gl'ow on soils t.hat 
Ilt the SH]}]C two lpv('18 rungcd jJl pH vnllle from 5.4 to 6.7 Ilnd from 
0.2 to (U>, r(lsp(leliY('I~'. Altlh)ugh no signifieHnt ('yid('ncc of {'(IITela
tion ellll he found in tll<'s(' seYeJ'IIL cnmpfLl'isons, it cnnJ10t be held thnt 
110 reilltioll between soil. neidity and toxicity exists uncleI' nil (,ondi
tions. Tn filet, ],lIthcl' ddinite indicl1tions of some relntion between 
the two on some soil tYP(lS IItLYO nlrelldy been TefetTed to in a preceding 
seetion. 

'Tho ]'('Intive to:xieil,)T of plnnts gl'Owing eloso together should be 
('Rpceinll,v noted. It is shown in tublc \) thnt the three plnnts 82-1, 
H2-2, lind 82-~~ gllYC iti<'ntieal n'sults with the Durhnm test, und the 
RfLlllC WitS pl'lletien.lly true in the ense of plnnts 130-1 nnd 130-2. 
110\\,evol', plnnts 134-1 flnd 1:34-2 differed somewhat in that respect, 
and in the ease oC plants 84-1 and 84-2 one gllve about the mnximum 
hlue eolor nnd the other gllYO no colol·. This is nn extreme ynrintion 
in adjn('ent plnnts thut js no doubt ullusual, but if /I. sufficient seltl'ch 
weI'C mlldo similnl' instnnces could probnbly be found in locillities 
where toxic plants oeCl1r. 

HEI.ATIVI~ TOXICITY (W TBE PRINCIPAL I'ARTS OF TAt; I'I.ANT 

'rho wriLl't'R nnd othpr inYestign.tors hn,ve found thut, in Tcphrosia, 
l'il'fJi niann tit" tOxic RU bstnnees n re loeated mostly in the roots, Ilnd 
that no otht'r part of t.he plnllt is of vnluc for insecticidul purposes. 
'rhe herbnge hns 1)(1l'II repentedly tested with negntiye results. Posi
tivc results hilVO b(,t'll obtuul('d with the seed in the, few tests thnt 
hll,ve been mndc) eyell in the ('usc of ))Innt,s growing Ul Virginia the 
roots of whieh wel'(l, ('ntir(lly lueking jn color-giying substances. 
Fm·ther invt'l:ltign,t;ions on thn,t point will be mnde itS opportlmit,y 
nffOl'ds, but t,he seed, regardless of its tox-:icity, hilS no commercial 
possibilities ns nn inRl'cticidt'. 

On 80\'(,1'Il1 ocenRions Uw nurhntn test wlH'1l Hpplied to morc thnn 
ono pi(1('c of root from t.he snHlO plnnt hilS giYell different results, sug
gesting that not nIL parts of the root system of un individual plant Ilre 
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cqually toxi(', bllt in sue II instlU)('Ps the j,psts W('I'(\ not sirflit'it·/lt.!", 
qUllntitatiyc with J'cspcet to t,lIc 11lnOlin t of mutel'il! t HRed to he 
cspecially significltl1 t, 

Thc qucstion of thc distribution of tl1(\ toxic. substnl1(,('s in tllP 
Vlll'iollS Plll'ts of' the Toot systcm is impol'tll.nt in conn('('tion with the 
testing of It living plnnt by USUlg u. SI111111 pOltion of on(, or its roots 
without distUl'bing thc pllll1t'S growth; 11 ]}I'o('('dul'o tllllt, if' ]'('Iiublt', 
is ex('eedulgly uscful 1'01' lllHkulg SIlGccssh'c tt'sts of the FlfUlle plllnt ns 
it grows 01dol' und hu'gel'. 1t is nlso usdlll in milking sple('tiOlls nIlt! 
in ('onnection with nUIlWl'OliS other stt'ps nceessfu'y in stlldYUlg vUl'in
tions or chnnges in toxieity rcsulting from known nnd eontrollNI. 
eonditions, 

In J935, fiyc plnnts grown uncleI' (,IIJtivlltioll nt l\Iilnno, Tex" We\'(, 
sepnl'llted into theil.' sevnl'lll pn.l'ts :wd tested with the r('sults shown 
in tnble ]0, The ]OIlVCS und stcms gnve no ('ClIoI', PllIllt :R-I010 gll"(l 
lIeglttive results thl'Oughout. The ('.I'own und fibl'OlIS foots o( tIt(' 
others gnve n, trnce 01' light-blue ('0101', 'I'ho IIpprl' pHrt of tiw tup
I'oots ill two illstltl1ees gaye u.s lI1ueh ('0101' ItS the rpmnindel' of' til(' 
root syst,PIl1 Hnd IlE'fLl'ly so ill the o(,hel' two ('nses, TI'he illlpol'lllnt 
point is thut nil the roots from 11II indh'idllul. plunt giye the SIlIllB 

degree of color I'Pgul'dless of' theil' diunwtcl', ] t mlly I'ensollll.bl,v he 
('oll('lu(it'c\ from this thut til('. toxi('ity of 1\, ]llnnt, so fill' ns this is 
indi('atC'd b'y tho Dllrhum test, (,fin Iw dptt'I'lninC'd by nppl,rillg thiR 
tpst to :\II~! pu.rt. of tliC' \'(lot syst.em, lind t.llilt the l'pslIll; ohl'·ninC'd with 
It smnll pipe(' of root, isindi(,lIt.i\'C' of' t,hC' qllnlit,Y of 1111 Ihe roots or Ihnl 
pllln t, 

TAlll.g 10,- (·()I/lpl/ri,~(/I/. of thl' rrslJ/l,~ obtained wilh Ihl' Durha/ll t(',~l Oil I'(trio/l.~ 
[lllrl,~ lif Ii 1'{(Jllls of 'I'ephrosia l'ir{lini(l.IW 

--<-----
1l~J!n'I' of ('o\or t nhlnilled Wilh I Ill' llurhUl1I t~sl 

PnrtlJrpiallt ""I('d ! 
I'bnlllO. 

I 
1'IIIIIIlIO, Plalllll!) , Planillo. PlaUI lin

H IfllU 11 lOIS ! H JIIU It II!!:.! It II n 

Leaves 2' II n II (J II 
Ht~JIIs 1. II n IIII IICrown ': II I ~ 2 ~ 
Ho(}L~: 

trpper pun or !Uproot' II :1 .\ J :! 
'JFlhrous roOlS '. U :! :! 2I mill in dhulleler 3 Il :1 :r :\

I to 2 Jl1111 in tJllllllt.'I(,'r·t II a ; ;\ :\ :1:i Ulm ill dilllllell~r 3 :I :1 ,I :J
·1111111 in ditlnwtl'r~ II :1· fI, :1 :\f, mill in diHIII~I(~r 1 U II> '] .. 

l For e.XphHUltioli (}(sYJIIlwls $e~ r(lOLJHlIt~ t of tahh. I 
:t tf\~~t. Illude 011 I ('~. Or nl!()t.mH~ •• ...: I rm.'(. n·prcst.'utiJJ$! U ·1 J! or root 
3 tl'esl. IIlnde on 0.5 C(' or tilt' exl.rtlt't. 
I Jlll'lude!l with the roots or:! 111111 dinlllt·II'r. 

Iu:ru\'I'I \,t: 'J'OX WI"'" (H' 'I'" g BA ilK A 'i Il W()OIl '11>' 'I'IH: IWO"'I; 

It is important to kllow ill whkh of the root tissu('s thl' ('oloJ'-gidng 
substances nrc loeatcd, hC('ll.use the H('('urn.(,,\T of the test wht'n IIs('(1 ill 
the field must depend grcn.tly 011 the metllod of obtaining the snmplc 
of shredded root unless there is a unifol'lll distribution of thC'se suh
stallces, FiYe eultivlttcd plllllt8 of 'l'ephl'osin 1'irgim'an(l, from J\fiIuno, 
Tex" were dug in the full of ] na5, and ill ellc'h ('IlSI' the root hark wus 
removed by (,flTPfully s(,I'u.pillg it from thp \\'ood, Thl' hlll'k is vPI'Y 

http:nl!()t.mH
http:l'ir{lini(l.IW
http:impol'tll.nt
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thin and represents only II, SlIlnll POI'Lioll of the weigllt of the root. 
The bark and wood were thoroughly air-dried and the wood ground 
to the extent necessllry for extrnetion with flcetone. The bark WflS 
obtained in such condition whell it was scraped from thn wood that 
grinding WflS not necessary. Both materials were. extrnded with 
acetone for 7 hours, and the yolume of the cxtrn.cts so ndjusted that 
1 cc represented 0.4 g of the mntprin.I. These -.;strnets w(lre then tested 
in a number of dilutions. The results are shown in tnhle ] 1. 'rhe 
same five plnn ts had been tested in the. fnll of 1 \)34 by using 11 small 
piece of root fl'om eHeh and sern.ping enough matel'iul from it for a 
field test without quantitative extmction. The results of those tests 
are in('\uded ill the tn,hle fOI' compn,rison. 

TAHI.g 11.-.. l?c,~1I11.~ ob/aincrlwilh fhe Dllrlwm Ic.~l on litl' bark anrl11'ooc/ (lilhe roo/.~ 
01 ,~(!fJeral Jll(ln/,~ (II '/'cpli.rosia l·irf/il/ill un 

I For explllnntion o( sYlllbols see (oot.noto 1 o( lllhle u . 
• 1 l'C of exlract represQntt!<1 O.'l/: o( lIIaterin!. 

3 These test.5 in.I9:H were Illude in the l1eld on lIluted,,1 s('mped (rolll t1w roots wllh II knife. 


It is obvious that prncticnl1y nll the eolor-giving su bstnncrs ure 
located in the wood. In fnet, the sllluil nm(l1mL of color obtnincd with 
the extmcts of the root bn.rk mny lw.ye been due to the pHrticles of 
wood thnt were undoubtedly inl'ludcd with the burk because a perfect; 
separn.tion is impossible with the method used.9 

The nlmost total absence of color-giving substances in the hark of 
the roots suggests lit once thnt field tests made by seruping the root 
may give misleading results unless the s:1mple s~'eured consists of 
bark and wood ill appro:\;mately the proportions in which these occur 
in the root. l\t{erely scrnping the root's surface would furnish a snmple 
eontllining mOI'e thun the Jlorlllul proportion of bn.rk, and for thnt 
reason would give l(,ss ('0101' thun til(' root us it whole would give. 
However, if a pieee of Toot is sCl'nped or shrl'Cldeci ('omplrt('ly the 
sumple obtnined is undoubtedly J'epl'(·s(,lltn.tin} of the whole Toot. 
Innsmuch llS the bl1rl\ eontuins prncticlllly no color-giving substances 
and repreRents such fl, smull proporl,ioJl of the root, it is orily neee~snry 
to ayoid using .lnrgely sllr1"nce scrnpings in orti('l' to g('t n. true indicn
tion of the root's vuhle. In the ('nse of the Insl; thl'N'. plants in titblc. 
11, the results obtnin(ld by the liPId h'sts in 19:34 arc in accord with 
those obtained by the. more ~r(/nnti tntive tests in 1985. 'I'l\() seeond 
plllllt, which gnve II('gn.t;ive tests with the hark, ('ontnincd so little 
color-giving substnJlces in the wood that II, fidd t(,Rt would wry likely 
he IIegative as WilS the (,!Lse in 1934. The JiJ'st; plnnl" hOWC.YC.I', when 
Lested in the field in 1934 should lmyc given a result equnl to 01' better 

'Since this paper wns suhmlttcll Worsley 1111(1 NutmnnlulYe n'I)Orte(1 thllt. in D""i., rlliJllir. roots moro 
than Ii weeks 01<1 the rotenone occurs throughuut (h(\xylem, pllrCll('hYIIIII, .\n<l corte.t, \\'OIlSU:Y, H. n. I.e 
0., IIn<l NunUN, f" J. UJ{){'UF.)jIl'At.~Tl'llIt;~ (IV tl~ltlttS ANn 1Il'Ntlel.F.A. I. TII~ IIISTOi.O'''' or ItOTESON~ 
IN IlIl:KKI~ .:t.1.IPTI!'A. 'I'he Annllis (I( Applle<l Tliohwy. Vol. XX IV, No.~. N(l\', l!I:Jj. pp. fj91l·iO~.llIl1s. 
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tlum thut ohlnillcd with the lusL thrce. JI1 tltiH case, ilJ(,lc test made in 
1934 wns pl'obnbly pel'fol'llled with insufTicien t enl'O, with tho result 
thntmostly bnrk wlIsllsed. 

TOXICITY 0 .. TIm CUllt'IVA'l'F.J> PI,AN'!' on:1l A 3-YF.AIl "F.IUOD 

The ('hnnges tnking plll(,c ill the toxicity of the growing rootR of 
Tep/u'()sin 1'iT'[Jiniana, fl'OIll ),('n I' to Y('UI' hnyc t1 direct benring on the 
cultul'!t11llethodR to be followed.. Thus, if i ti is fOllnd thn t the quuntity 
of tOXH.~ substnnc('s prcst'lIt d('clmes ns the plunt gl'ts older, tho roots 
should be h:UTI'St('d. 1I.('('o1'llingly, whel'ens, if JlO CIIlUlg('S O(,CUl' in this 
respeet, 01' if the qunntity of tht'se substnnces ill('rellses with til(' nge of 
the pll1nt, hlllT('sting muy bc dcfCl'l'ed in uc('ordunec with other con
siderntioJls. This question iTlYolycs not only cbnnges tlmt tnke plnco 
from 0110 senson to lI.]\other bu Ii YHrintions within n senson. Biologi
('nl tests of the root,s from :indiYiduul plnnts from su('ccssiyo years 
IlIlYeJ10t been 11111d(', bu t some <iu u~ on the nmOtlllti of ('olol'~gh-ilJg su b
stnn('es PI'('s('lIL hom )'<'nl' to Y('UI' hllYC bC('n ohtnin('d. It is l'('cog
nized thn t (·hnngt·s in toxiei ty tnking pl/H'p nH the plun ts g{'ti old{'r wUlIld 
not Jl{'('{';;snrily he ]'('wnh'd hy til(1 D\lI'hum t{'st nnd thnt this it'Rt 
though uti{'f[lint(' to illdi(,lltt' 'fnil'ly prollouneccl ehnllgt's in toxicity 
cnnllot; he J'pliNiupon to do morc. 

A 1I1IJ1l1)('I' of plunts ill th~ ('lIltllml plot ('stnblislIPd by Little were 
j('stN1 by him in 19:~2 with th('. Durluun test nnd W('I'(\ JIluclo nvnihthle 
for fmtliN' tpsis in 1933 llnd 1934. S('wl'nl piN'C'S of roots tnk{'n fl'0111 
(,Heh ]lInn t withou t distuJ'bing their growt.h wPl'e ('xt1'llet('d with IICC
tone, nlld the h'sts mnde on thpse extrnets. The eigh t plnn ts und{'r 
Obs('J'YnLion gnve the snme reslI\ts in nil 3 Y('tlrs. Two of the plnnts 
gllYC only n, truce of color, four n Jight blu{', onc it blll(" Ilnd one it du.l'k 
hlu(>, AlLhrnlgh the dntn, so fill' ohtnined lire limit('d, they indicate 
thllt these eight plnl1ts growing lIndl'r the ])J't'yuiling ('on<iitions undel'
went 110 impol'tnnt change in 3 ycuJ's insornl' IlR t.heir «utility mn.y IH~ 
judged from the Durhllm t,cst.1O 

S'l'AIIIJ.lTY 0.' 'I'HF. COLon·GlVING SUnS1'ANC.:S IN 1'HE GIlOUND rWOT 

In connc('tion with tbo t(\sts of tll('. snme individ lint plan ts in scyernl 
stlc('eRsiyo YCHrs, it WIlR possiblc tomnke some ohs(,I'Yntions on the 
stability of' tllo (,olor-giving RubstnJ1('es pJ'('sent in the ground root. 
The surplus nHlh'rinl from tlIPse tosts WIIS stored in the ground <'011
diLion ill {'ork-stoppeJ'('d jnl's in subdu('d light nnd portions of it tested 
with tho Dmhnm tt'stfJ'ol1l time to time. The sumples from tho 19:33 
t('sts w(,l'e examined uftN' u-, 18-, und 24-month int.eI'Ynls, nnd those 
fJ'OJI1 the 19:34 h'HtS ufter n, 12-ll1onth intel'\'nl. In nIl {'Il.scs the l'('RlIlts 
weJ'e tl1(\ sumo ns:in the illitinl t('stiu ]93:3-nnmply, two plnntR gn.n' 
11. tI'lIC'(\ of ('0101', four It light blue, one n blll{" lind onl} n dnl'k bille. 
'J'h('se ('('suits indicate thut the totul nmount of colol'-giying substnlw('s 
ill n, Rilln pIe of ground Toots k('pt lIlldt'l' tho {\onditiolls d('$(,J'ibed 1'(\
muins 1I1l('hungN( 1'01' Il t joust 2 Y('I1rS. BiologiC'nl t('stH 01' rotenOIl!l 
dctel'lninntions it rn Jl{'('('SSfll'Y to SP(,U l'(\ 11(,(,lll'n.te :in fo I'111 II tion ('ol1l'cJ'n
ing thc extcnt to whi('h ('onditions of stol'llge ufreet tho <junlit.y of the 
1'00t. 

CUI/t'IJIIAI. BXI'F;1U1IU:N'l'S 

In 1I1idsummcl' of 19:N LiUlc's f'xIWrillH'ntul plot nenl' :Milnno, 'rex., 
with uddi tionnllnnd totnling nbOll t, 5 tWI'CS, WlIS includ('(l in the proket; 

tQ DntuSe('ure,l$ill('I' this !lapel' wll<sul>m1\lo'd illlllc'nh'lhai ill ~tlJlll'lo('l\J1lirs ('01l5I,h'rllhlc ('llIIlIges in this 
re$J)I!(" uN'urln Indh'itluul plulll5 rrulII (jill' rl'/Ir (f) :IJl(llilt'r 111111 SU/!!'('<l lh,,! S,'l\SOll!l1 \ Ilrilllinlis ill loxi('lly
IlII1Y he ('ullsltlerulJle. 
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of tho Depllrtment lI1Hinl' the (·.oopol'lttivll ngL'('(\l1lcnL with Lite rrl'XIIS 
Agriculturn,l ]~xpcriment Stntion. l1 On tbis lIct'puge Tephl'usi(& 'pil'[Jini
ama is being estl1blished ns rapidly ns good pl'opngn.tinf;{ mntel'inl cnn be 
securcd (pl. 5, .11), Thc mnjor pOt't,ion of the field WIll be devoted to 
cxperim('nts on eultnrnl prlwtiecs, hnl'Ycsting, yic'lds, pl'Oduction costs, 
ctc" while other portions nre being used fOt, miscellaneous invcsti~a
tions pel'tv.ining to the Teln tion of vnrious factors to toxieity, stu(lies 
on heredity nnd selection, nnd for b'inl plnntings of other species of 
Tephrosia" . 

The ('ulturnl exp(wiments will he ('onclunted mninly 011 thc :Milnno 
plot, but, us hns nlrcndy been ll1entionNi, plnntings nt'c nlso being mnde 
in other Iocnlities, nnd cxehange of plnnting stoek between those und 
Nfilnno arc cxpected to fUl'Ili;;h jnfo/'ll1l1tion on the Rignifiennce of 
vnrious fnotol's ('onC'l'1'Jling growth and toxicity, At the Plant Intro
duction Gnrden of tlJ(l. Burenu of Plnnt industry nt Glenn Dalo, Md" 
seedlings, of the westet'n type of '1'eph'l'08i(~ 11iJ'[Jiniana, grown from sced 
from toxw Texns plnnts, hnyo 1I11e11 plnnted flS well ns seedlings grown 
from seed of mmtoxi('. plnntR of tho enHt('l'n type of thc speeies hom 
Ronthern Virginia, Cl'Own divisions of T, latidrns from wcstern 
Florida were niso plnnted there in the fnn of 1935, li'aeilities for 
similar expOl'iments huyc boon provided by tho Georgia Constal Plain 
"Expcl'imont Station nt Tifton, On" I1n<l tho Snndhill substation of thc 
South Oarolina Agl'ieultul'Hl ExpPl'iment Station, Pontiae, S, C" the 
fOl'lnor boing in one 01' tho so('ondnt'y di!cltricts of toxin plnntR and the 
lfittOl'in n. distriet whol'c the wild plHnts nrc n.bundnnt but nontoxie. 

rrhc wide distil'ibu tion of 1', latiden,'! in the Choetawhatehee National 
Forest in west('l'll FloridfL hns been ),pj'c1'l'cd to (p, 14), Innsmuch fiS 
this spccies appem's to be uuiformly toxie throughout this district and 
the soil is also velY uniform, eultul'lll experiIll('nts were undertaken 
through the eooperiltioll of the FOt'pst 8('t'"i('c nnd with the assistance 
of Distl'iet Rnnger H, A, Snydel' in the fOl'cst nont' Vnlpnrniso, FIn, 
In N ovem bel' 193.5 alld Mnreh 19313 pllln ts 0r T, 1J?'t'[Ji7J;I;CLnCL from 
Texns and Virginia nnd pll1nts ofT, latidellS obtnined locnlly were 
plnnted, Through th('sl\ s(wol'l11 exchnngNI of plnn ting stoek, it, is 
hoped that some of the bt'oudl'r problems of tbe pl'oje('t mn,y be worked 
out, 

I'HOI'AGATION 

According to presont i1lformation T, 1'i7'[Jin?CLlla. mny bc ])l'opngnted 
1'1'0111 seed and hy erOWll division, :Both methods J)OSSeSR some nd
VftTltngo, but which one should be ]'e(~oml1lelldcd will depend hugely on 
the cireumstnnees, find IL detniled study of thevnl'ious fadm's involved 
is being made, Little CO), Jrom his oxpol'i(lllc'('s with the propngation 
of' ']'. vil'[Jinia-7ln, points out thnt (1) the easiNit meiU1S of' propngation 
is by Reed; (2) sl'ed is fl'Pqlwnt.1y YNY s('nrne duo to the l'I\.\'nges of 
inRe('t.s thnt dCRtroy it 01' the bloom; (a) the glwmitHttion of the s('od is 
improved hy treating it with sulphlll'i(" Heid; (4) the ('rown l1ln.y be 
divided into sever'ni portions 'with roo{,s nttnehed and t\t('so plnnted; 
(5) the roots alone arc worthless for pt'opngnting; (13) propngntion f'rom 
seed is chl~l1per, but propngation by crown division prOdUl~l'S larger 
plunts in It given timc; nnd (7) thc plnnt grows much more Tilpidly 
under cultivation than it does in the wild state, 

The damage done to the flow('1's nnd R('ee! of Tf']!ltl'(),~i([, '1'il'{!i'lliall(/ by 
VIl,l'ious illSC'etS, which appel1l'S t.o he gl'lIl'rtd til t'OlIgholl tits rllnge, is 
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A. 	1',11'1 lui 1'11'\\' o[ ('uiinrnll'lol of '/'cpliro,,;(/ I'iW;I/;(/1I 11 Ill'!lr ~lilllllO, 'I't'x" 11111111/1111\[1,1 lu ('()opurnt.loll wll h 
the '1'~X1LS A~rlculturlll 1';xp"l'illll'llt ;':llItlol\; 11, s~(',!1111~s of '/', t'iruil/;uwl (I'JlSI,'rn 1,)'1"') [rulII S('('!l hrollll
cust In ~('('!lhc'l lllW ill "PI'J! {phologl'llplll'd III OctulJ('rJ. 51'1'd WIIS 1I0t Ilcid-lr,'IIH'''. 1111" \-It'l'lIlilllltiOJI 
l'Xll'Iltll'd 0\'('1' 10 1\ l'('ks, 



NATIVg ~pgOm::l OF TKl'HItO:;JA 37 

of much importance in connection with the commercial cultivation 
of the plant. Yip (8) has made a study of the damage done by 
insects to the seed of T. vil·uinianCL. It is reported thnt in Texas the 
flowers are nttacked by blister beetles, and no doubt this is also the 
case in other locnlities where the plants fnil to produce flowers. 
Wcnther conditions mn.y also have an important effect on the flower
ing. In Texas the loss of flowers appears to be greatest in wet seasons. 
In the case of T. latidens in 1935 in the Choctnwhatchee National 
Forest the flowers were either destroyed 01' their development pre
vent.ed by some agency to such an extent that only two or three plants 
with pods could be found during t1 day's search. A large commercial 
planting, if such were advisu.ble nt this time, would have to be de
veloped slowly becnuse of lnck of seed. If the plant is to be grown 
commercinlly from seed some pmctical menns of controlling snch 
insects in fields of the cultivnted plnnt mny lw.ve to be found. 

Trentment of the seed to improve germinntion hns so ft1r been 
confined to the sulphuric acid method described by Little (6) and 
found ndvantageous in that it lmstens the germination Iwd incrense~ 
the number of seedlings obtained. The seed is subjected to the action 
of concentrated sulphuric acid for about 15 minutes, the acid is 
dritined oft', Iwd the seed is repeatedly washed with water and then 
dried. With this treatment a germina.tion of from 70 to 90 percent 
will be obta.ined with seed of good qun.lity in several weeks. However, 
much of the seed collected includes a considerable proportion that is 
not vinble from one cause or another, hence the percentage of germina
tion would in most cases be somewhat lower tlllw the figures given. 
Other methods of treatment may be equally 01' more effective in 
improving germina.tion. The use of scarifying devices, such as fl.re 
successfully used for some other hard-coated seeds, wns tried on a 
small amount of seeel and found to have possibilities. 

Seedlings may be grown in pots, in secdbeds (pI. 5, B), or directly 
in the lielcI. Field sowing n.PPCt1TS to be quite satisfactory so fn.r as 
the growth of the seedlings is concerned, but it is subject to the usua.l 
huza.rds which may result in an incomplcte stand. This method 
involves less expense than growing the seedlings in pots 01' seedbeds 
with subsequent trn.Ilsplunting and may be found practical on t1 large 
scnle, if the seed are sown thickly enough to allow for losses from 
various cn.U::les. 

Propagl1tion by CTown division ns described by Little (6) produces 
Imoger plants in a given time but is more expensive than Pl'opttgation 
by seed directl'y in the field, nnd calls for t1 large quantity of initial 
propagating material. Recent experiments have shown that pro
pagation by crown cuttings may be fen.sible. This is actually a form 
of crown division but mn.kes it possible to secure a great many more 
new pln:nts from one individual. The crown wood is cut into small 
pieces, which make excellent young plants with a good root system 
in n. comparatively short time. It is not necessary t1ll1t any roots be 
attached. In one instance a piece of crown wood 2 inches in length 
planted in a. pot in the greenhollse in May, produced by October a 
fine pln.nt with 15 inches of top growth Iwd four principal roots from 
8 to 10 inches in lengt.h wi t.h many hl'n.nehes. It is estimn ted thn.t a 
3-yea.1'-0Id. plnllt. wouIe.' furnish nmtorinl for probn.bly several dozen 
such cuttmgs. Experunents are uncler Wl1y to determine whether 
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such cuttings may be placed directly in the field with eq ually good 
results. This method is pn,rticularly considered in connection with 
Tephrosia latidens, the widely branched crown of which would perhaps 
lend itself well to such purpose. An observation made in the Chocta
whatcheeForest further suggests that such a methodmuyhu;ve practical 
possibilities. A tract of several acres typical of the forest n.s a whole 
on which pine seedlings were later plnnted hnd been thoroughly worked 
over with hen,vy implements including disks thnt chopped most of the 
small vegetation, including T. latidens, which was present in consider
nble nbundance, into small fragments. I~t),ter it was observed that 
numerous small plants of th~ latter were growing nil over the trnct. 
These had the appearance of seedlings bllt l1ad developed from pieces 
of crown wood. It may be feasible to chop the branching crowns into 
small pieces and scatter these in rows 01' broudcnst them in suitably 
prepared. ground. It is quite likely that the crown of 1'. vil'{Ii.ninna 
OP.ii also be utilized ill tlmt way, though it is probably less wen adapted 
for the purpose. Special attention is being given to the possibilities 
of this method us no means of expediting the propagation of that 
species. 

SUMMARY 

The discovery by Little and Clark tha.t the roots of the deyil'f; shu('
string, Tephl'osia 'v1rg11liarUL, n. nn.tive legume, possess inseet,ieidul 
properties and contain rotenone in some cases suggested 11 study of 
the commercial possibilities of this and other native species of Te
phrosin. Theil' cultivntion ns tt commercial source of nIl insectidcle 
in the South nnd Southeast, where they are "..-iekly distributed, would 
provide a new crop for those regions and n,t the SiLIDe time be a forward 
step in the senrch for insecticides hnrmlcss to mnn and n.nimnls. 
Cultural experiments were therefore undertaken nt J\Iilnnu, Tex" in 
coopel'l1tion ,....ith the TexHs Agricultural Experimell t Stnt.ion, with 
minor experimental plantings iLt the Buroll.u of Plll.nt Industr'y's 
Arlington Experiment Farm, Arlington, Vn." :t.nd Plant. IntToduet,ion 
Gltrden at Glenn Di1le, Md., nt the GeOl'gin Constnl Plu.in Experiment 
Stat.ion, 'rifton, Gn., the Su,ndhill substation of the South Cu:rolinn. 
Agricultuml Experiment Stution at Pontiae, S, C., and in the Choc
tnwhatchee Nationn.l Forest nt'H.I· Valpn.miso, Fla. 

In 1934 composite ]'oot sll.mples of T. 'L~il'[Jinia1l(L were collected il1 
many localities from lviaryln,nd to Oklahonm nnd Texas and from u. 
few localities outside of tlUlt general region, Acetone extracts of 
these samples were tested by the Durhnm color test to indieate roughly 
the amount of rotenone and rolnted substances present, jJ,nd their 
toxicity to flies was determined by the Burenu of Entomology lLnd 
Plant Quarantine. The results indicated thn.t: (1) Plants from 1\11 
but a few l'estricted districts are lacking in insecticidn.l value; (2) toxic 
plants are found almost cxclusiyely in the region extending south il.Jld 
wcst of central Georgin" in northea.st Floridu., aud in 1101'thCIlst Texas; 
u.nd (3) the Durham color test, which is easily mn.de, gives n. l't'I1,sonn.bly 
reliable indication of the plltnt's toxicit.y to flies and is, therefore, an 
excellent means of determining the vnlue of plants l'l1pidly in the field. 

More clahomte field. stiudies in 1935 confirmed tho conclusion that 
the species is toxic only in It few relu.ti\rely smn,ll districts in 'l\~xn.s, 
Florida, n.nd Georgia, the locntion and size of which 11re described. 
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Twelve of the seventeen species of Tephrosig, occurring in the South 
and East were studied with regard to their taxonomy and toxicity .. 
Judged by their insecticidal properties and their fnvomble gro\'lth 
habits, T. virginialla and T. latidens are the only species of inunediate 
interest, but seventl others should be further investiga.ted. T. [.atidell~ 
is abundant in the Choctawhl1.tchee Nn.tional Forest in the western 
part of Florian where its toxicity is quite uniform. This fnct ond its 
growth hnbits, which nre flflvnntngeous in propagation, suggest that 
it mo.y have commcl'ciul possibilities. 

The soil nnd vegetlLtivc environments of toxic and nontoxic plnnts 
of the two spedes mcntioned were st.udied in mn.ny locnlities with a 
view to finding some eOl'l'elu.tioll between soil t.ypes and the toxicity 
of the plnots. These studies were ineone1usive, but the observlI.tions 
mude IWd. their possible sigllific.anee are discussed. Some chemicnL 
11nl11yses of the root ash n.[1(1 also speetogmphic 11.11l1lyses of the ground 
roots were IDnde. The limited datu. obtained do not indicate 11 definite 
relation between the inorgn.lIi0 00llstitucnts lind rotenone content of 
the roots. 

No l'elu.tion eould be observed between auy botll.llical chn.mcters 
nnd the tm.-i.cit;y of individuul plants ofT. l'il'!liniuna. The eastern 
n.nd 'west,ern types of this species, though quite distinct, are both. 
subjc(·t to wide yu.l·in.tions in toxicity. 

Dn.ta hn.ve been obtained suggesting thu.t the eu.pacity of several of 
the species to produce rotellone n,ncl related toxic substn.nces is 11 

genetie eha]'fi.('.ter, n.ntl thn.t n. v:tl'iety or strH.in of gren.ter insecticidal 
yu.lue thn.!l u.ny thus far observed may be developed by selection and 
breeding. There n.l·e indicl1tions, however, t,lmt such. a chl1racter is 
subject to modifkn.tion by environment. 

).Iiscellnueous studies of Tephl'osin dl'giniofl(/, fumishecl the follow
ing informo.tion: (1) l\'foro thn.n 200 plants ~rowing 011 1 squu.re a('.l'e 
in 1'CXlls vlLried gren.tly in t.oxicity :IS determilled by thc Durhn.m test, 
indi\·idulI.ls growing in dose pl'oximity to Ollll :t.nother showing, in 
s('wl·n.l instu.I1('.(·s, n, widll difl'C'l'elH'e in this respe(\t; (2) the l1<'I'bnge is 
:J.ppa.l·elltly :t.~wn.ys nontoxie, the see(~ is sOIll('timef;' toxie" n.nd when .the 
roots arc tOXH~ tlwy n.ppeu.r to be lllllfol'lI1ly so, WIthout rcgn.rd to SIze, 
:l.1le\. tohe toxie subst.nlH'es :1.l'e pl't'l:-opnt in the wood of tohe root.s ru.thel' 
thull in the bn.l'kj (:1) I,oxic. plants n.ppn.l'elltly rcmn.in so in su('cessin\ 
Y('un; if eJwirollll1ents n·lltH.ill unelmnged; and (4) t.lw eolor-giving 
substu,necs in tho grt)lInd root properly stored remlt.in lU1eht1uged for 
some time. 

For the prim'ipul ('ul t.uT'lll studies the original plot n,t l\[ilu.no estnb
jished by Little hn.s been enln.rged and pln.ntings nrc being inc-renscd 
to u.bout 5 n.eres. Hel'c methods of propugn.tion, cultivn.tion, find 
hm'\'csting 1t.I'C being determined as mpidly us possible [mel dahl ob
tninl'cl on yields, produetion costs, nnd the genel'l11 economic nspeets 
of the projeet. Exehn.nges of pln.nting stoe\( n.re being mn.de het.ween 
t his plot n.nd thc smu.llf·r onps est.u.blished elsewhere in eoopcrn.tioll 
with tho several n.gencips mentioned to note the effects of em-ironment 
on growt,h I1nd toxicity n.nd in connection with efforts to improve the 
toxicity of thc pln.nli in dpp'ec n.nd uniformit.y by selection fmd breed
ing. '1'0 study the possibilities of T. latide'li8 as u eultivn.t.ed ('.rOPl II. 

f'ultul'Ill plot IHLS been (,SLII.hli;;lwd in thl' ('hol'tn.whn.tchee NI1t.ionll.l 
]fol'est in western Flol'idl1 .. 
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