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LE'T"I'E[RI ()' '1 .\N I ITR NS11TTA L.

U. S. I1'PA.1 1ENT.) OF .\Gi I(UL'I'IIE,

Washington, Mlay 111, 18S!!.

511.: I have the honor to traliinmit for publication Billetin No. 21) of
this 1)ivision, becing a report of stulies mul1 experilnesits 1In:(lc upon (110

Aii guillul, wilici is tlii cmise of tlie root-knot dlio ise of the Peach aml
()rage in Florid a, by J. (. Neal, Ph. I)., M1. 1)., of Lake ('ity, Ia.

1esIectf Illy,
C. V. IULEY,

E ntmo o)gist.
110u .. . li t s~r li,
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I"or several tears last complaintt has ib'ein niile to the I divisionn of Er-
tornlogi concerning tlt, l;inrtg, one by various species of A11 Ilillu-
lide, which allict the roots of ditli'ent plants ill dilieent sections of

tlt country, ald I have frequent ly hen urgerd,as E litomolorist, to in-
vestigate the matter. I have always becen lu/zzled to know what reply
to make inl such lases, as no Ameri('cani investigator has indertakenl a

a systemlatic struly of these Ncrnratedes, ard then do not, in a ionlogian
sense, strict belong to the )ivision work. I have contented rryself
therefore with recording the various facts of injury to different plants
that have cone to mie in the past twenty yeIrs, and some microscopic

notes ini reference to the specin ns. ()ne species scets to do consid-
erable daliage to certain plants in greelnhouses ill the North, w-hiilt'
another is equally destructive to the roots of trees al plants in the

Siuth. particularly in Florida. Towards the close of the year 1887 the
complaints of the damage done by the Florida root-inhabiting species

wcre so niumilerous that, at the request of the Cornissioner of .Agricul-
ture, I decided to coluct some inlvestigations ns a p:1t of the I)iviioln
work. The denls nppon the resources of the Division arising from

its niore legitimate investigations have been such that but little time
al small funds could he spent in this direction. 1)r. J. C. Neal, then
of Archer, Fla., but now intomrologist and liotanist of the Florida Ag-
ricultural Experiment Station at Lake City, a diligent observer, and
a0SSOCiated with me inl previous investigations both under the F. S. En-
tolmloical Comrnission ard under this Division, was 'omninissioed for
five months al instrmeted to make as careful studies ad experinwnts
concerning this pest as it woubt he possible to mlake during tihe sihoit
time of his employment. His work was done between Fehrular'v 1 and
Septelhiler 1, IS;S, ad while I do not claim for'I)r. Neal, any more
than he woubd himself claim, special or technical knowledge in this
branch of Zoology, Iis work is not wvithouit scientrlic interest. The in-
vestigations have been, however, from a practical stand-pmint, and the
results more than justifY the slight expenditure. The nlletin makes

no pretense to he a scientific treatise on tihe life history of these worms,
hut is in the mainl an effort to as'ertir a sritable renedv. The general
literature Oi the subject has niot heen at 1)r. Neal's eoininand. ard m

INTI;()1ll': N()TE.



timie is so fully ocenjiel otlherwise that I can dho little or nothing at

Present in the way of identification of speci.st, or of comparing Dr. Neal's
results vithI those of Eulrolpean invest i gators, which, as a roat ter of fact,
are of little p~racti(al importance. The studv of the fill life history of
ally one of the species is attemled with munch dillienlty, and will re-

quire much time in field aid lalboratory ; while the technical and clas-
sitie(tory treatment of the subject shoubt he uindertaken by some coIn-

petent hielminiit hologist.
\J. V. It.

' *1



AnalTI , F t., nlbcernher 2. 1SSS.
Stu : I have the honor to submit the following rport u111 ile foot.

knaot disease andi its c"anse, the AIIgi-illan.
TIhese inetiaios o1 ntinted under vou1r slitection1, be-anl inl Feb

runya, I.SS, and have buen montin u1l to this hif e.
While not conleuhsive in :1ll respects, thevv ar at least 4oit rlibt ions

to the history ot this iciirosiopi lj"st, that in1:1 eventtinally leul to its
snhjection or to the mit i ation of its rava ges.

In conc lusion, ilm me to express to N oill y th:ank:s for youri aid a14
guuiilanlce during the i'rpaI plration of the report.

Itespectfu1llY snhanlit el.

.1.\l'. N:r, I 1.,ul

Prof. C'. V. 101t.t:1.
1;I'no nlrl ix..

f :Is l' I': ;1? )1-' l"lIll .\L 1. 1
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lBiyond doubt, the disease is pecnliar to the South Atlantic and Gulf
coast within a limit of 1511 miles front tide-water. (Note 3.)

Mr. P. .J. lI erckmans remarks on this score-alnd I know no better an-
thority-11 that it is indigenous to a large portion of the South seems un-
denille, as I hae seen it in places in Georgia and Alaba ma where
neither trees nor plants had ever been introdced from other sections."

Mr. (nderdonk also states a similar opinion. (Other correspondents
at Mobile, Ala , and in 'Texas confirm these statements.

PLANT'S INVA)EI).

i.-Incultinated : I Badly affected:
a. Ai iLtlv ai11feid: Pnttilaia olra ( Pnrglanc).

Unapselin M(rsn-pastoris (Shep- Ssiin pnadn sn
he-rd'.s Pni-s). P .ln )

bttlius v'illosus t trivialis Verbesina si("&i4teeki et sine-
( Black Nrry and et'urbrry). ata.

Equptorium fwvnicularminn (Sonth- A v iaenaa(lum nc)

C)))bu Ihn/ Io ct-). (hlttpoi n mu tttrys (.t'rusalcun
Quainoclit vulgaris (f('preiss Oak).

l ill). APoirantn s in os (r n e).

Tine above list, uo doubt, Rill ini tim~e, :ttt with :t caieful i nvestiga-
ton, be greatly extended; most of these are trhe int finest of weeds in
old liels aintd badly- cultiva tedl grounds, anid the ( 'hnenoltoditin alone
woutld lbe ann amnple Silter an breeding ace for the Aiga ill rla rode.
pendnhtn of otpel ild or civa(tet rlaJts.

1T EnIatoritun ani n)hnopodiun are perenials, spread rapirily*,
ant have great vitality, and for years it las ien noted that where these

eeis abound te oot-kn;ot exists i thne greatest weireen

he Sesuvium and uivnlaca, otIn, withn tlesy roots, are very con-
mon, an are an easy prey to te iorns, btt my cxperienicei indicates
the arantus spans as the nost i headed and destructive aeint
iw the spread of the root knot, its ioots being apparently the favorite

of the Anguillula.
In Georgin, my correspondents deem the Verbesina and Artemisia

the weeds most diseased, but in Texas, Mississippi, and Alabama, the
list is about the same as I have given fin Florida. (Note 4.)

It will be seen that it will be impossible to determine certainly the
original food-plant of this pest, as it seems to attack the roots of so

mnatny; and the inference that any tender growth not impregnated with
a decided toxic principle tay be invaded is a dontful conclusion to
iny mind.



I1 ('ultr4d1111
, I' Iful.
48. Slightly) aml ed-1"

( 40 it 1111a in ani hritr nin ( f lab -
den'se4 ( l ,at ion).

Solanna1i 1 ti1iis oitinItn et 4S ettlen-
nin ('atinand lyI'll-lant).

4 apsiin anann(pe)

Spinal tle lt 'ria (S(iinach

Jatropha1: mattihot (t'48+~r,,1

Zen: m1a i4( 'orn 1
b. thallye alfectedl.

The11 (4,11n Itra4sica (Sinap1is).

(SI'uabayi, lIt., etc.).

fIll)han sativn (lladinh).
IlihisOns eculen ittis t a kra).

P'iwnII 4ativ"usn ( feal).
Arachis hypog:Pea (Pe-a-nut ).

Iliolicho4 cnt iang (('n-e I'ra)

P'h:1vistl v lgari ( n . I t
P1h.ssln lunatus et nann11i

(Wli ).

All of the Gen4s Cncturbita

( Sepia hea t . ).

All of the Genu1s Citrollus . 11,1

ni).
All of the Gns Cn ni (V'-

rumbern).
Lycopersio1nn esetlentn1 ( To-.

neato).
eira v .lgari(, varict (I, t 1.

d. Ornamental.
a. Slightly atlted

Hlibiscus syriacus et meceinnonls.
.11esembryan thernnin, vad ous 411-

c ies (I re-1plant).

Nlikania sc~andlens (Parlor Iry).
Pharba~itis puirp~nrea ct al. Sp,.

ITlornring lonr y).
Nolana. sp1.

Pctn1niat, sp. (Petania).

H Ioussingau1ltia hasselloide,

it

r, 1:adly alle . t*

lbe ni ia 1 Ili I~ l1 11 ,U I

I 1,15l t ''. IO 1

Il1 I' oil, sp1. (1ic1uiitt
I1).Iha valiashilis.

I--mltil hI4 :111111111.

(' o11e , VIr. *i).

ArIranc,-t, var 1"
A lInar~l T

ShruX and Tres

c. It otdul.

i. Slightly :i ,. t '

Citrus v-i1a1~, /
atn ge).

Citrus aulran1tinin, % 1 .I

ange, Lean, rc. ).

Vitis, var. sp. (Grpil
h -illin11 IlllyfahaltillnsI

Ilreonet111tin papyrif la,/
111 Ilrryi

Morns. var. spi. ( Valiirur1

.JIglants cincrea ifI'lnut
Carya aliteforms (erunn

h. yiau v affected.

Annus111 dlomestica (Pl71an

Pmun1s arlnenilte (.1i'4.
P',111n1 vnly!,aris (Plarh).

Pr,111n1 comnnnis (.1/1mon~

Fi ns carica (FY).

.1inglauis regia ( l' nit,

Salix, var. sp. ( Willow,

d. I )rnainental.
Splier orhif li :.v r. -

ering .118nood
Ibuddillcia, var.

fltt ia fl m i f '

This long list embraces the greater lart of our most valiabl' f1t 1it

plants, fruit-trees, and many of the chi'est flowers, amd it fully jit-
fies the inquiry now male as to tlle history and means to prevent th1t

spral of the disease inluileed 1Y the Ang1 illula.
I think it useless to endeavor to account for the apparent vagarie, of

the Augtillula. as, for instance, to asecrtain why the roots of the linis
vulgaris are so baully affertel, while Pr'uinus c'erasus are unhurt ; or %h1
the Leguminosw are suseeptibtle and the Umbu'llitonre are not. It is
reasonably sure that rapidly l grow ing, soft tissued roots are better :;hI-

Ofe fst 111l il 1 1 1 .I 1'\ 11;111 11h m . :11111 11'1'.11 t? l' I; 1 o ,1 Oit - 1ll CI'w l 11 .1111

II
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denser strcture, and the self-evident corollary is that methods and fer-
tilizers promoting a rapid succulent growth should be avoided in all
locations infected with the root-knot.

EFFECTS OF THE INVASION OF THE ANGUILLULA.

I have found mature worms, males and non(-pregnant females, in root-
lets but a few days old, and under circumstances which involved the
necessity of invasion from without the root. See Experiment No. 22.

These Anguillahe were small enough to enter the stomata"of epi-
dermal tissues, active aml strong enough to even penetrate cell-walls, or
to separate cells in loosely connected tissues. Once within, they could
easily pass through the Cienchymatous system of the Parenchyma to
any portion of the root, and I think it not unreasonable to infer that in
this manner they obtain entrance in young rootlets.

Their presence causes a rapid proliferation of cells, resulting in a soft,
unnatural, irregular growth of the root, with low vitality, and a varied
effect upon the plant or tree.

The Chenopodium, Eupatorium, Artemisia, Amarantus. Gossypinm,
Solanum, and Petunia have the enlargements usually on the sides of
the main stem, near the surface. The 1 tap-root," descending deeply is
rarely affected, and the plants seem slightly affected till the sub-corti-
cal layer is filled with worms in all stages of growth. This checks
growth, either by their absorption of the nutrition gathered by the root-
lets, or obstruction of the Cienchymnatous ducts, the food supply is cut
oil before decay is visible, the leaves wither, the stems shrivel, the plant
dies. (Plate VIII, 1 a, 4 b.)

The roots of the Okra, Radish, Turnip, Cabbage, Cucumber, Melon,
Cow-pea, Peanut, Tomato, and Egg Plant enlarge enormously, soon be-
coming little else than masses of decaying tissues. The plant stops
growth, the fruit either becomes distorted or drops prematurely, the
leaves change color and fall off, and the plants die so rapidly as to justify
the usual expression - struck by lightning," applied to the fields of
Melons, Cucumbers, Tomatoes, and Cow-peas so often badly affected
by the root-knot. (Plates I, II, III, 1V, and VIII.)

In nurseries of young fruit-trees the greatest mischief occurs. The

soil is usually carefully prepared by heavy fertilizing and culture, and
the seeds of the Peach, Orange, and English Walnut are sown for
stocks. When the tender shoots first appear many wither and die at
once, others grow vigorously till the end of the first season, when they
are usually budded with known and valuable varieties of fruit. The
next spring these buds put out tardily and make a weak growth, the
leaves become spotted or yellow, then drop, the bud dies, feeble strag-
gling shoots sprout around the stem, which maintain a sickly vitality
till the first dromiht, when the tree dies, and an examination dis-

closes the cause in the knotty, decaying roots, without rootlets or

fibrillha.



%[fil oler trees't takes fro1ns helallth Iesim.11 u11 .1 t1 ,1w i lllcin to d ,-

ti 1, i( o sr ill varlos. t '1 et' atll ai llr t 'i I of ii - i 0 r40t01 onii

two yeafs, aill l ieMF tllt thla( is V"e- 1,1-o401 to0 114 l ifo IIIIlaIlle I , Ih l 1

th. tree takes on an i rriabI) u-gr4ow\th of stInatdll lin4hs aulsiall litI
Thile tips of these li11h1e lie back graatll to0 thl b 41V Of the trel.it' I

t ite soil is t i .la e tih'e trel' will put ou t let i- 1n41 1 I\ I I.

W ith t il e s 1 the l W alnt t,ml a \i\11 1. ,l 411' t I i l 1.1 1 .1It

tionatr t j\uwtcr or so an dic \\th the netIon of a dl ( II rh ght.
In Iany ca ses, especially il h lihis, the ses of trees 11l plaase

barely germinateor cUttings hardly form rootlets till they are In h

an40d destrovedl.
In all of, these eases the 011-et is to depraw the stIn nI

food alt moistuire ; the knots gro~w, the branches; 4h) 11. U.

The anial destruction of Inurery stock is (11- n . I [

Peach, Fi", W illow, Spin-en, lIldhilein, Coleus, 4'14
In the sketches taken fromi nature, attached t 1iii 11" t ,t 1 11

typical specimens a ftar as possible.
Tile ('rape' Figt, 115lberri, 1mul' Orange arc proi11 to a ircular knob lil

knots ont te at ofthe larger roots, e nx. l ( n ni alonal telal 414non

at the junction of smliall roots. iPlates ItV dl V11 .)
'The Peach, I'lum1, Walnut, mul Spin~ea grow irr1egular masses.

ing the whole. root seemingly. (Platt, V.)
'T'he W aillow 4 kri. etc., enlarge. mul the (ae]a. is usu lly i: 1

at Ist ss ptr IIi'ew up 1it IleA i1 u ' .1 In s I i )1 t1 1e I ' t s 1 1'ilit

1 1:111 ~t 11 0 1: U ti l 1Ill. 1 1 1 t l 111 ' 1 1. \ 1.

Early in the beginninlgof, my stialies of, the Au1guilluLtll I .111b1 n

letters of intlnit y to most of the leadling unrserym nenl and) hortionttri

in till lUnitedl states esluscially those in thle southern section ak'linr.I

examlination Itt r<1 4. , n e .1u1 t no 1l1." ,I 111 ,Iaph'c~lp ri

1011 any" point inl the interior 150 m1iles tromu the coast

It does not exist except in locations frece froml extrcI11 1.1

port hern hornlary is not far froml the Janu Iary isothermn t 511 , ;1 ,hiI
inl the No. 2, Isotherin1al Linies of thet I" . Signal Scrvice, 18S1.

Letters from the Peach dIIistricts of' Michigan, Maryland, mnl Nt

Jersey comlplain1 of the " Y"ellowRs," but inv\estigator, Ilo not report li11ul

ing", the diseased roots inlicative of the AuguIillula.
It is not fndl at Denison, Tex. (Mun1son)j. only along the 1.n.11 11,

that State, anl then onl1Y inl saly~, wet locations. (Oniderdonkh.
The usual drv air of Now Memil), California, and regions \vest IIIt h e1

Mississippi River", with Ilhe sutumler parched still of these sections. forml

11p1n, ntl1 11 b1 . u ri,0 114r tol thII ,r1 11 th n l ,11111 11 1'1? Ith, 111 I m . ot so in1
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eastward it is progressively worse, till it reaches a climax in Florida,
which seems to possess the requisite soil, humidity, and warinth for the

proper eiivironment of th .inguillula, and consequently its complete
develolonent for mischief in gardens and groves.

Add to this the cultivation of special food plants extremely suscept-
ible to invasion by the worm, and there can be no wonder at its prodig-
lo1s illCeas.

TEMPERATURE.

The question of temperature is no doubt one of great importance in
determining the boundaries of this disease, perhaps more so than food-

plants or soils.
The soil that is annually frozen from 6 to 10 inches is nearly disin-

fected from the worms, especially those existing in a fie state in the
soil, or inhabiting the soft roots of annual plants, and this may explain
why southern Michigan, northeastern Ohio, and New Jersey, with as

sandy a soil as Florida or south Georgia, still escape the plague in the
Peach orchards.

The Chenopodim, Artemisia, etc., abound in these States, and no
doubt are the habitat of A nguillule, but the continued cold reduces

their number to the nuinuun each year, and the fibrous-rooted trees

are unharmed.
Again, ini some cold localities the trees kept in hot-houses are at-

fected; those without in open ground escape.
Places ftvored with hot, dry summers and cold, wet winters will not

likely v ever suffer from the ravages of the root knot.
My experiments are conclusive that below 502 in fluid, and above

that, dry, the worms are inactive, paralyzed by cold, and shriveled by

dryness ani heat, and the inference is plain that parties wishing best
results must either choose unsusceptible stocks, for grafting or budding

trees liable to infection by the Anguillula, remove to favored loca-
tions, or find some means of destroying the worns.

The arid regions of the West fill one indication, the others are still
sub judice, but in a fair way for determination.

SOILS.

It an not be questioned but that a light, sandy soil offers least re-
sista nce to the progress of the Aiguillula after its liberation from de-

ca ing roots either encvsted or free.
Experinents with air-dry- soil show that water penetrates sand in half

the time that it will penetrate clay, and over large areas of cultivated
laud the proportion would still be greater in favor of the sand.

Loose soils, mixed with decving vegetation and hiunmus, offer still

better facilities fir irrigation, and this explains the fact that locations

highlv fertilized with composts, stable manure, or leaf'-nold show the

root-knot quicker iln plants than compact or virgin soils, and the worst



results are fon d in gardcwns pl-ntedt il loll, t ultli.1tral, mill loI l, II t

anl thoronghly pullverized areas .
M1oistlure is anl essential to the vigorous growth of tl' A1_ ' 1 .

though it wvit hstatuls aln enonrtous almount of drying.

The e ysts shrivel, pre gnilat ltinales betomle irregular in out [l. u.1

t11o wvormls stillin aind rvilatin indefinitely with suspentral \ itality, butl
resume action vith the hoapplication oft ulliient lil4tu iiire. ('Note .
A friable soil, with mInip~act clay nearI the surface insuring ntw rlum

IaIlInesst. l-esents then the typical 4n1virmiinniit for tlie Arnigutilll.
and this, alas, also is reg:nil in this sectioll as the most a! atageonv
location fo r a garden or gr1-ove.

Another very favorable location for these wormls is thec' bo.~\ bil.

of a lake or river, whIere there is a iimass of wet. ili'; l 11i i\ r '2

X 'EXIllEN Is

A series of experimen'lts, ml er 1 th e et usl''ll thn 1 .Inininor 1log s 1

the I nitel States AgricullturIal ID)piartmlent, was begiiu in Febrular .

1888, to deterine the ligratioll mnl lifi' history of the Aliguillulla, a
well as to investigate the et'ect of various insectieides. That thiest ;1

not complete aId cotlclusive, is owing to tht' ie i'xtrtemt' <lin iullty of tr

ing ally individual \walrnl by reason of its sizt mul its stirro llin gs.

A qliantity of both onlinary smaly soil and elv was hitated several
hour's to a terisperature of 10011 F.

A numbiher of 1; inch earthen pots were also snhjected to the 114me

heat. The tallb1 ;mul lit put, \\cle l' ~ l : 1 - In i m \;I; a
floun sterit .

(1) F ou r .I, 1 I ,.. p. . . ' I~ I
(2) SamIte as No. 1, using sttrth- cla- ins1tecad of -ul lacc
(3) As No. 1, losing yellow subsoil front inihctid locati

(f) As No.3,using cay subsoil from intheved locations.
.:) As No. 1, using inthctedl surface soil from inftheted loI

In each pot were planted four seeds of the Cow-pea I 'I ; l r - i
because of its ease in germinating al great slsceptibtly I I .\

guillula.
All cale up within the week and grew fairly well; at the 'cIIl I

week one plant w-as removed and the roots exauninel.
In Nos. 1 and 2 no knots were visible at anly stage of growth and ti

last plant grew to maturity.
In Nos. 3 al I the plants were but slightly 1alt(4l.: 111 it tht ('111

of the fourth week each remaining plant had 11I ni 11 -1 .'t U Il
spite the terminal roots were beComing enlarg'.
In No. 5 half the plants died before the a.1pe14.r r rot tit liha ll Ie,.

aml the retailer Inlde a sickly, feeble growth. Th'e roots Were badl
knotted, decay in every case appearing at the terminal eiuls of th1l rnV
lets, Which turned brown and d11ropped ofi at the slightest touch.

I repeated this series of experinments, uusiig small seedling hed Ii t w
itl place of the t' n.V\'-pe.15. 1T' results wert iitiI lr-tIle trel- il NI . I
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and 2 growing vigorously, with fully developed roots and1 leaves; in
No. 3, at tle etnd of four months tile trees were living, but feebly, and
the roots showed signs of decay.

In No. 4 the trees hail grown somewhat better and had a brighter
color, but the roots were knotty.

No. 5 showed poorly, leaves smaller, rotini Ute knotty, and onie tree
dead.

The sane results followed using the Weeping Willow as the test

plant.
The inferences are : That the Anguillula is destroyed by a heat of

212 ; that healthy trees set in infected soil soon are invaded by the
free Auguill ula in the soil : that soil taken f on the depth of 2 or more
feet below the surface is comparatively free from the worms, and that
clay subsoil is less infected than the sand.

Another series of experiments testing the ellect of various Chemicals,
fertilizers, and insecticides was tried, using tour sterilized pots in each

test, the pots each containing , cubic foot of infected sandy soil, and
the chemiical, at the rate of , of the weight of the soil (21 grains), thor-
ouhly inxed or dissolved. In each pot was planted a seedling peach
and four cow-puas.

No. Gi. Tobacco dist.

7. tobacco dust with24 grains sulphate potash.
H. Tobacco dust with 2- grains sulphide potash.

1. Tobacco dust with 24 grains suplite potash.

10. Tbacco dust with 24 grains inuriate potash.

11. TFolven dust w ith 2t giius h1y i Ipulpihitt soda.

12. Tobacco dust with 24 grains sulphat( iron.

1:. Tobacco dust with 24 grains caustic lime.

I1. Tobacco dust with 24 grains unleacled ashes.

1.. Tobacco dust with '24 grains sulphur.

i;. Bisullhide carbon.
17. Sulphate potash.

1.,. Muriate potash.

1. 1nleached ashes.

20. Caustic lime.

These experiments were also repented in the nurserv aid open field
on small peach trees, using 6M2 grains to each tree, eqivalent to ,uo
part by weight of the soil. (Note 6.)

In the pots the results in Nos. 6, 7, 10. 13, and 14 were very elcour.
aging; the peas grew to imatturity, w ith good color and very few en-

larged roots. Nos. 8, 9, 11, and 15 made a very poor growth, and died
soon after the third leaf. No. 12 died immediately after sprouting, as

did No. 16. Nos. 17, 18, and 19 grew nearly as well as Nos. 6 and 7;
No. 20 made a tine growth, with very few enlarged roots. The peach

trees died soon in Nos. ". 1. 11, 12, 15, and 16, made a fair growth in Nos.
6, 7, 10, 13, and II. were killed at once in No. 16, and grew the best in
Nos. 17, 18, 19, and 20.

In the field Nos. 11, 16, and S appeared to at once kill the trees. Nos.
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f ill ( I II 1 " 1I I I I 1 1 1- ; 111 .. 11 11 1 1111 I Ir . u iu ts ( * e .

4I 13, 1I1, II, IS. I 111as .11 ga 1 le 11 good r sults, csin-clalm ls I I 1 ,(1imal

11, 11 ;mul 111. Th s nei 111l Iure1s seenical,1 to1 pr'omot11e :1 vigor'ous gr.ow l th

ItalidthN1 moots,; aml Nots (l -ttll20 _',lach 2B plindls to1 thle tree, wecll illite I1

with thl, surface soil, appears to be as neal a ntierei4 'Ivef the " kliml

as anything I halie tri el.
I triedl thll histilph1itic l'c;tholi without ailly elliectother than1 thll t1"Il1t

of the tr lees, some tift or mome, anl (ll' keroscnl tinillsion to s:lttati Hn

of (1he surface soil presittee~d itsillile result, ai ill view ofth 111 11n

;Ind Lthor- inlvolved I hlul not repelat thll expcriml int. (Note T

A n111umber of the prekpared artilivial thetilizers %%vrv trial: 111. is 11

ttilling amnan nia. gnano, hl l,,an m l - 1 111hw Ins u li' ;11 ,, Io n Il H. 1I

ati easily attacked by tll, Angiiillul.l

In a litbl l neat' nl y place, heavily t1 I i)44 .1it 111 .1 ii. . I [t 1 , 1i

con mun. the roots 1,f the pva nut her ml IIIn.e a of knit imrot,, I Iim
worst cases of the disease I vver saw, adt peah-triees growing ill th:1

fiehi are ruined.
I have fomuldnothing of value when applied tool hearing fruit tree-,

if hadl v alI'eted, as aly insecticide capable of absorption by tile rot

invariably has Lilled till trees when used to the mnolunt (of I"I", the

weight of the surface soil, I foot in depth anl the ;area: of thel crve
killed by the roots. Alkaline mixturs, 211 to -110 pulds to eacI tre, ti

vaistic lime, kainiite, miuriate ail sulphatte pota.lh or woil ashes, usti

several years ini snlc'tessil, have colnie I&'earest a clire, destroying 11.

11oublt mnanly free ivormns, -an1d imlucing111 a vigoro)Ius. tough~l growth of rfool s

11m01r1e dillieult of penetration, all possible reldering the salp ill stlnit
way abl)oxion1s. (Note S.

The atldlition of tobacco dust in large u111tities supplies nitrogeln
mll makes a very Vigorous growth of roots ndit li)s. It also seems t-

have considerable prevelntive ethMct oil the wNoiins. :xIelilts m: 1

dlnetel by one of our market garldellers has col hviuclIim li that tih'
mixture of tobacco dust wial Inutiate of potash in l tilehis in gre.i

measure prevents the ravages of the Anlguillula in ( )kira.( l'abbIle, dlit

Egg plant, and he has adopted this as a stallilard fvrtilizr fillo all Ii

products. I have seen his use of this. adlt am dill ieau prepaid to su>
taill his views. Klillite is 1io dtitahih fully as good. buit furtheltr expel I

Ienlting is necessary.

Another series of experimenlts was nlal 1111011 plants to determllin
the title atl derte of illfction.

No. 21. Sterilizel pots with r ahic ftiot of sterile soil, in which flt

comyW-petas were planted at various depths, one-half inch, threefoirti
inch, dl 1 inch, Were covered I inch With infected e:rt1h and kept l.

tered. The results slhownI :n
11 7 - 11 ! ' I _



tio as thodistance fronn the murfAce. lReversing the process, putting the
inflected soil below, showed the roots l 1eted soo nst in the peas planted

deepest, indicating but little action in th wom'iiis outside of that pro-

duced by the percolation of water.

No. 22. Another series of pots were atlerd \with muddy water from
infected earth, and though the pots contained sterilized soil the roots
of the peas were badly affected. 'Microscopic investigation of the per.
(.(late showed both free and encysted l Aguillulw. (Note 9.)

No. 23. Pots with sterile soil had one transpla ated infected peach

seedling in each, and four cow-peas.
The trees soon died, and very shortly afterward the peas showed the

ii fiction, those nearest the dead peach roots the most markedly.
li a spot of new and non-infected ground several trees, Peach and Fig,

were planted. The central tree was knotty-rooted and died in a few
muonths: tile next year the roots of the nearest trees, 15 feet amway, because
knotty nearest the dead tree, and now, after the lapse of four years,
Slie disease extends to the tips of the roots of all the Fig and Peach trees

in a circle 120 feet distant each wayv from the original infected tree.
In another case, inI a nursery on high pine land, clay subsoil and free

Front disease, ai number of peach roots, hadly knotted, were brought

fromt a distance and heeled in for a week. The disease spread in all di

reactions front this nucleus.

Again, in another peach nurser- was a spot of low, damp, black soil.

There was no root-klnot the first year it was planted in peaches; the
seedlings grew well. The second year, a few trees were found iln this

spot with enlarged roots and destroyed. The third year, hardly a tree
escaped, the disease extending along the thickly set rows of seedlings

upward and in all directions on to the higher land fromt the hollow spot
first inifected.

In another case, clean fibrous-rooted trees were heeled ill a day or so

and planted ill nll-infected ground. The next year proved the most of

thea diseased.
These cases prove conclusively that in areas not intected the disease

can be easily introduced (1) by planting infected trees ; (2) by the use
of coiposts of muck and weeds fromt infected soils; (3) by the distribu-
tive action of water and air, the water carrying particles of soil and

worss downward from an infected elevation, or by dry soil, frag-
Inents of dry roots, desiccated free or encysted worms carried in the air
during sand-storm1Is, wl irlwillis, or the heavy currents of air preceding
storms that often blow ' have " acres of plowed land and ovr421Whehn ad-
jacent fields with the soil thus bone on the wind; (1) soil containing
these woriis I have no doubt has been carried oil the fret of ment and
animals and deposited in healthy fields, fonlling tle nucleus of a de-
struetive agency, months afterward made visible by its ethets.

Instances are not wanting g that .ant not he explained except by some
such theory of contagion and inner of travel.

I"'
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Man~y ;, ntrens anll OrchaII;1 s arel ballI lo 11 ' 1 . i 1a 111

rated with water, either at the mlargi(ni ri\, IV i, , ,

Imsits of veg-table t iln is both l(N glow m l e
Thei 1reasonIls for this c hoice are e now ti rall fl ' th '1i1 it i1- 1 s 11 i 1o 1

land mnd the rapidity 4of :;gowth inulneed by the moimsture, bill In 11

territory infected h the Augre lltla thle heat mull rich soil cause 1tte ll ltJ

the losegess ofi tissue so favorable to t he spread of the wAi n.

A l driy' s il, with 1 solid nmt-ro wth11, is nI the contH r ry 1un1f,1il 1,l

hence in mnanly loathions drainage has entirely changed the lhlu*wl

i he land, so that lmhes and ligs o where theey woul i ot befotI
Exloerintents inl Texas conflirm this fully atnd sug eat the. utilit%

thoroigh drai nage ( wet lo tt 'jt. tii iu i i 1 1h" I III n i I ii

places for groves and gard lail

In this connection it may i 1 1e o. s . ''n 't h. Ie P

results of the -* Nvw Agrieniture" in maintaingiu a plermnluently 4than
soil by means of water pipes belwl the Sluce that when it is in Vso I

Nve will ha not nly a great increase t1 crops but a greater 1i11'1(',

ot'1 rout-knot" in the cabbages, beets, radishes, etc"., thus grownu. Wh.1.
elliet the ingestion of Auguilll.l will have upon the hrina eeonom t

remains to be seen; as, so f or as I know, of wood Neaurs. experuno1:
having been tried to usc4ntain. (Nocte 110.

In many places north of 2' there i. 1.om1 111111:h 1,11'h .\1'n 1t .1
times freeze the surface a onsierable depth. Where this e s, I.

plowing the soil at the beginning of winter ial at te.nes uin- th.
seas , it is reeut nl.thh1 t l 11 h...u 111'11s1ct 1i 1111 1' . s v nl1, lIII~t I
11h1. will ensue.

The value of heat in the dlestruetiot of ihe uln1 weed Iad r ants-
has btee often demonstrated in F14, 2l ortida ea l unwittinily, ma HI.I
lesson taught has beecn in a1 measuree lost.

In clearing old fiehis, 1 ully inteted with the ivormls, as shown ha 11In
crop~s o f cotton m. peas, it is customary to hurn l)'-he'ap).oad statin
if', then, peaches mul figs have been planted lon this hnued 1I111l 11
result has been freedom from root-knot for a series of rears.

Such trees make a vigorous growth and hear well, wAhile ,1-1bi .
trees, not on turned ground. wither and (lie.

It worbt seem p~racticable ill this woodell section to easily hnild sinn11
complaet heaps of chills, wood, pine knots, evell dry weeds ando gona'-

over the aIrea oif sav 2 Ie-t r.olpus frm each1 tree stakel p riolr to1 ph;11



ing, Ibrn the heap to ashes, excavate the soil as fl as heated, and re.
new the fire till the subsoil is reached and the depth of at least a foot
of soil iln all is thoroughly sterilized by heat.

In uany cases, where wood is plentN, dead standing timber to be
reiioved, atd St nimps to be burned, the plani vould succeed to stake
out the field and build a log-heap at each stake; but if not convenient,
the au al growth of weeds and grasses, wvell dried, will furnish fuel

4. STERILE SoILS. (Note 11.)

Aniong the early settlers of Florida the practice prevailed, when

planting trees, of dining out the soil to the depth of 2 or more feet
and filling in airounl the tree with clay or yellow subsoil obtained froim
vir-in land and 3 or more feet below the surface. This plau1 succeeded,
inl that it surrounded the tree vith sterile soil till it fored firm roots
and a hardened elpideruis.

\ly investiga tions show that in infected soils the deep roots are but
sligIhtly atected iln comiiparisoni with those near the surface, and ihat
the greatest destruction prevails in young trees, nursery stock, anid

plants having surface roots.
If a tree acquires age and the roots reach deep subsoil, the Anguil-

lule do little damage. Hence the utility of using clay or subsoil, derived
from virgin forest, around newly-set trees.

This old plan deserves attention and canl be recommended; but since
the war, in their haste to proutote the growth of groves and gardens,
the later horticulturists reverse this method, imbed the young tree ini

surface soil, and use nitrogenous fertilizers to encourage rapid develop-

ment, this certainly causes increase of the root-knot.

5. DISUSE OF LAND.

Keeping land clean, free from all growth for two or more years, has

puoved of great benefit if done before trees are planted. I believe the
wanrits require living tissues to develop in, and deprived of this they
would die, probably within the limit I have given.

In many places where the soil has not been cultivated for a long

series of years, and the Broom Sedge Grass has exterminated all other

weeds, I have failed to find any traces of the Auguiilula, and I regard

this as confirmatory proof that disuse of land prevents the root-knot.

G. DISUSE OF EASILY INFECTED CROPS.

II most of our Southern States, where the Clovers and Buckwheat

will not prosper, it has been the almost universal custom to substitute

the Cow-pea as a soil-renovator. Drilled or broadcast it is the great
crop for "' laying by" corn, and as a second or third crop after rice,
oats, or market garden. 1ery few groves or o-chards but have annu-

ally front one to three crops of pea-vines plowed inl for fertilizing.
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(ipon crushing a mature, pregnant worm various forms of micrococci
are visible by the microscope as existing within the Auguillula, evi-
denltly not hurtful, and when seen exterior to the worm seem not preju.
dicial to its life; but more study is needed on this point.

8. USE OF VERMICIDE FERTILIZERS.

Experiments looking to the adoption of some mixtures capable of de-
s1 oving the worms while in the root tissues have not proved a success.

ThIe use of smaller quantities per acre than one-tenth of 1 per cent. of
lie surface soil For 1 foot in depth and 10 feet radius to each tree-

about a ton to the acre-produced no perceptible effect on the disease,
and a greater amount injured the trees.

The use of hisulphide carbon, kerosene emulsion, and various arsen-
iwl solutions destroyed so great a percentage of the trees that on that
, woint, and the expense of application, it was abandoned.

Alkaline mixtures have done better, and will bear repetition, espe-
ciAlly the sulphites and nuriates.

For ni umsery stock, it no doubt will pay to thoroughly incorporate
"nine of these chemicals with the soil some weeks before planting seeds,
('ions, or young trees, using it at the rate of at least one-tenth of 1 per
cent. of the surface soil cultivated.

Alkaline fertilizers, as hard-wood ashes, muriate and sulphate of pot-
ash, kainite, or ash element produce a hard growth but little, if any,
ai)fected by the root-knot. Usually- the fertilizer is applied in too small
a quantity. Not less than 3,000 pounds to the acre should he used to

1irodnee the reIuired effect, one-half in December, the remainder in
May.

A fertilizer containing a small percentage of carbolic acid, earbolates,
ti.imtol-crvsol, or an easily' decomposed sulphite would no doubt be valu-
able in this infected section.

9. NON-INFECTED STOCKS.

After all, I believe the use of trees that are not susceptible to the
root-knot, for stocks on which to graft or hud the susceptible varieties

is the proper solution of the root-knot problem. The matter of location,
soil, fertilizer, and prevention then need not worry the intending or-

chardist. Find the disease-proof tree and the thing" is done, and most
of my experiments have been directed to secure in some measure this
result.

It is, perhaps, too soon to say that complete success has been realized,
but the gain is perceptible.

For the Orange I can reconmend the hardy hitter-sweet or sour

species as nearly disease-proof and a vigorous grower.
The Citrus trifoliata and the Japanese 1, Unshin," or Satsuma, both

seem resistant, but the time of trial Ias been too short. This last is a
slow grower, with dense roots, and promises to be the best of any of the



41'trits family11. Its hlardIim*es, freed n , 1n u

niit'Iitl it.

Grapes ofIll thll \'Iithmer tN'pe as well as those IIf thet .EstiX.-II _I 11 .111

silliect to tli' rout-knit, if grown on t heir own1 roots, It 4s. 11 1 i
stocks of tlt' (I')rialiuiia m. \'iijulinia raccs have iiialite super growth

fiee' of ti' dIise.ast.
I have tninual no stok fr Fig or .11iilherrv that has stomd the tc-i

Fm- th4e Peach f:Urnilh either thlt scedlingrs of' the W\ibll (os im) lan' I :

the Marianina, I1r the rectlyIv intrmiuiiedI .J:upainest 1l'111ns. K'Isev, S;It

sunia, or ()rn, are vallahie. Thiret l';ars' test of tlhe 11ianiina Iri

that for that time, at least, the loots resisted the Algliiiiiii~a aind \%t\l

free front knots. When the peach dicael tle .lvrmbolaI was inftit

slightly, mnl even the native 1)ains sllil'eel with thet disease. It is to,
84)o11 to give an inllualitiedl aplroval of this as a stock, but so far it

th v"ery' best, growing f111rm1 enttings aiitl vteryv rap)idl, mllakinlg a
that is nearyiv hielrer-primlo as well as free frmii til, A ug1ii1liihi.

Smile seedlings of ouir Alleriean 1lulims art. destiniel to nr
Peach as a stock, Iunless til' .Injpanese varieties proved suetrimit

I have fm tlld nothline -11 1\O , 11 I'l _I I" 11

for. the Weeping W\illkit
I have imlicated the j 'i I n

disease inl gardens-thet nle m1 aIlkaline lecrtlliicr , the 4'posureI~ In 1f1ro1
tIle gath erillg tf diseased'l roots to ilt I. the I ' i' ,11 , ' t H ' ' .

amtl til' disuse of laint an y p;t -

EXTENT OF )ESTRICTIVE 1! I I I II 1

Within the district infteted ly the An guiiillula it would he \I'll Illh
anl imp possibility to give evven an app Iroxima.te ide~a of the losses ;I

tainlle each yearll hl' thle f11nnler, thet rder1tner, mnl the hortionitu
Irml the ravagt's otf this wvorm.

All over the soilthern section of the Unitel States hundreds of n111.
gardens have teen planted at anl immilense un)tIy of tint ad mn1111evy, tl

to have the fiehs of vegTetables blighttd from this myN sterious tronle, I

it scorched by fire or frost. 'hLousands of tres have leen planted ill
to dwindle away and dlie; and, as the defect has been usually ascril
to the fertilizer or the climate, the injury has heen enormous, while tii
real vauise has oIlt beeni suspected, ant, as fir as I know, lt etlort lnau I
to ascertaint a relmedyv. The Orange is slightly allected now, but in ti:

fhiutre, when the soil will he tilled vith cysts and wormiis, Oran1ig'e tree'
will be as uncertain, I teiar, as the Peach or Fig at til present time.

From the best testlnny I ean get, in the early lays of the white 1111-
mitigration, except in ilall locations, peaches grew without any disease,
save the " Iorer." Now, ill many places, the trees that do well are the
exet'ptilll, and ill these locations it is idle waste 10,t 1 I ill t r'u'i's. tiill
tertilizers tt attelplit th culture of a1l ortharl.

In1 slich infected spot s the uI l 1 pI )"M x.11 1, 1. 11111 -)1111' tl
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amoniacal manure to the lLnd, cultivate early vegetables between the
trees; then, after that crop is removed, sol\ the laid inl emw-peas. The
result is bewildering. Next year the unfoiirtunate planter is discouraged
to find many of the trees dying hack, the vegetable crop with knotty
roots and irregular fruit.

Another heavy fertilizing, another crop of peas, and that spot is done
for. The disgusted former tries another vocation, and gives over the
place to weeds and desolation.

With young, closely-set rows of trees the disease causes greatest dai-
age, spreading rapidly fron tree to tree.

In market gardens, especially the Tomato, Cneumber, Melon, and

Squash, the Anguillula often either destroys the plants before filing
or reduces the size of the fruit till it fails to pay- expenses.

A number of disastrous failures with gardens, that have come to illy
notice, no doubt resulted from this cause.

LIFE HISTORY OF THE ANGUILLULA.

The study of uis microscopic worm has been exceedingly difficult,
and many points in its listory are not yet fully ascertained.

The limit of its existence, periods of growth, sexual characteristics,
generation, variation of ftrm , and the precise action oceasioning the
abnm-iormal growth in roots, are all undetermined questions which will

take a long continued series of observations to solve. (Note 12.)
As first observed, a mass of cells appears within the uterine corona,

cells averaging -;,,,, inch in diameter, arranged iii hands front (,,Q

to Q., inch in width, reading across to the walls of the uterns.

Plate XX, A, 1.) These hands appear at the smaller end of the uterus,
beginning froml ,-,n, to iiap, inch from the free extremities, extend-
ing down ward ",, to i, i, inch. Lower down, these cells show a tell-
doeiy to aggregate into irregular masses (Plate XX, I , C), then into
ovate forms, eventually becoming ovals ,,,,, by , jj,, inch.

At first these cysts have no elidermis, bu it a thin coating appears
and thickens as they approach the nol nal size of ,, inch in length
and ,; inch in width. (Plate XX, 1), 2.)

During the life of the female the cysts form rapidly, until the whole

uterus becomes enormously enlarged, and contains cysts in every stage,
from the primary agglomeration of cells to free Auguillnhe. (Plates

XIX and X VIII.)
The decay of the environing root exposes the pregnant fl'nale to

changes in weather, and with a slight increase in heat the coitraction
of the exterior expels the contents of the uterns and disperses them.

This in most cases appears to be through the upper segment, though
often it occurs through the fissure in the head. (Plate XIX.)

The cyst at first is a solid mass of granular cells. (Plates IX, 1, and

X, 1.) It divides centrally at the shorter axis (Plates IX, 2, 3; X, 2,
26, 4); each half repeats t his process till four or five segments are visible'

A longitudinal fissure then appears, causing eight segments (Plates
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Th head m .u ites frou a fo-r like Plates X VI1, 3, 4,7, a, and XVI,' ,

12, 13, 1-, to that slowing by Plates X VI, 10, 11, 15; XVII, , 5, 8, and

X VI l1, the neck fromt a mere contraction of the body, Plates X VII, 6,
i1id XVI, 15, to a long tube, as in Plates XVI, 14, and XVII, 9.

The bo(y varies fromi almost a globe (Plate XVI. 9, 13) to an oval
(Plate XVI, 11; XVIl, 9), or nearly a cylinder. (Plate XVI, 15.)

The worms found in woody tissue are usually of the forms of Plates
N VI, 1, 11, and XVII, 5, 8 ; in soft tissues like Plates XVI, 14, and
X VII, 7, 9, but I ain liable to understand the reason of this variation.

In roots, as a rule, the bodies radiate from the central axis of the
root with the " heads" to the axis.

When once enlargement of the body begins, the worm becomes a fix-
t mre, and remains incapable of progression in any direction ; the em-
largeinent is gradual and the cells of the root tissues become smaller
b1 the pressure, forming a rigid wall on every side of the worm.

Hlow long the worm exists is an unsolved p rolent which I lole to

sOlve in time.
A Ipart from vegetable tissues, I have noted signs of life in the An-

guillula after being kept air-dry six months, but have no record of any
reliable experiments with the worms in the roots; but the vitalit- is
very great.

When motion is first perceived in the cyst, the worm is an average
of inch in length and ; extreme thickness; soon after it he-

Smines free it enlarges and lengthens till it casts its skin, which it does
as shown in Plte XI, 5, leaving the old skin shrunken as at (1, same

plate; a fragmentary cast is seen on Plate XII, 1, but I have not de-
termined the number of times in its life it sheds the skili, as it is rare
to find a perfect cast for ineasureinent.

Among the thousandsof Auguillah I have examined, therearea great
many variations and arrangenentsofeells that are not easily explainable.
Plates XV, XIII, and XII, 5, 8, 7, 7 exeimplify some of the most marked.
Plate XIII, 2, 3, is very singular; a cyst-like form, with segments.

Also at 3, a peculiar arrangement of cells, large and small; in fact. I

have never find two worns exactly similar in the grouping of cells;
the resemblance is general, but with wide vaition of details. The ex-

amples given inl the plates justify this conclusion, sketched as they were
from living specinens.

The arrangemnent of the cysts in the uterus is generally as shown by
Plates XVIII, XI \, and XX, though that often becomes changed, as
indicated ill Plate XXI. (Note 1.)

In mature and apparently aged worms. I have found as many as a
dozen free wormus within the uterus, having attained motion and liber-
ation there.

In plates showill.g the changes in vegetable tissues, "A" refers to the
enlargemients and nests of Auguillilhe. " " to spots of deeay.
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NcIFES.

Nermx I.-thring to ia lack of lrera tur on the subec. I ha111\ e pieeo Smionally naimied
this wrII .flueullula areIari, blst it Imiay lhe olig to a Ilftlercnt glins. If al Aegnil-
Inla, it is %ery near tlte A. brevispinens, lbut as ties' Hpinle dIiapilenor ie im aturli' forms,

I h13ve calle this A. arenaria.
Ni rr': '.-This informatin mne fron one of t he blest citizen, whoiee learne'l of it

fronm the Spallish reshilents in 1- 0.
Nonr::1 -Let tern rece vede from corres ponlent at nearly le'very important towe'n gave

1n heata.
Ncr'mF: *.--Mesr. Iterekmanis, I)ndalerdlonk, Mnlson, :usl Stelle are referereic to.
Note:.5.-I kept fully devcolpedl lereamel -emalesina watch glass. dIr forix months,

and whenI 110i, they exanediimlt, andl the grown 11ornes within tii- cysts in tle Uteri,

runnwal144 umction.

NITetF .-- T'ie' average Weight olacuhic taut of ordinary samilysurface-soil is6 i12,62.
grains, 4nl:1l to s6.0h ponsulicels avoieloplhiis: this at tll- temeeleraluir of l 7l , the' soil

lbeinleg air-dry\.
Norv 7.-Tlie qlu entity relueire41 to saturate .1 enhic foot was 2.3gillcnsof the keiro-

4tone( enal11sionl.

Noe 4 .- Te' amountt of linmo tllsu4 wai 201 i poisul to theo tree, forty-nine trees to 1Ihe

NOIT: 9t.-W\'ater poured upoin the pots percolatedl through the ,oil al out at 1h1e'
hole in the bottom of the pot. This waallowed io eva:1ora:tc ionsilrably a 811 i-
in-l with :nagnilie'r :3I diameters, eye-piece it, ob1ijecti'e' one-h:ilf inch.

Noe-: 10.-'alixlhes and turnips are very suscei'ptibll to the Annillnla. ( e'e IPlate
III, draw n from actual sprcimen, natural size.)

Noe 11.-A coinumon practice aiong the' ell -tine " slaves. who tell meee' it was the
rie inade ly the ohl whites as far hack a. l . 'h4- rleaon the'y g'Ve was "the
peach lov es clay andil yellow wind.",

NoT 1.-I cnnhc1)1only approximate tile growth and development by the lis' of sich
plants as the Cow-pea al Radish-planting sedcl inl inticetee soil, aced at certain elates

pulling lup the plants and examining the knots, making a caretfel sketch, clrawni to
scale, each tie. All attempts at cultivating in 11iis failed.

NeTI 13.-ity softenuing the exterior with a solutionof e' canstic potishe, snipling off
the head aned gentl y pressing thic behdy in 1I l. 1 tie :th : c h .1;rh_1 11,4 111el.11- e\11i4le4
as shown in Plate XIX

J
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I'XPl'LANATIONS T) PLATES.

PLATE I.

Roots of Cow Pea, showing enlargements eansed by Anguillula: A, enlargeient

and nests: I, spots of decay. ( )riginal.)

PLATE II.

Roots of Okra, showing enlargeni~ts causeL by Auguillula: A, enlargements and
nests; It spots of decay. (Original.)

PLATE Iii.

Roots of Radish, shoeing enlargmtutil c;iunsl Ly A.uguillula: A, enlargements and
nests: It, spots of decay. kOriginal.)

PLATE I'.

Roots of Grape [Black Hamburg], showing enlargements caused by Anguillula: A,

enlargements and nests: It, spots of decay. (Original.)

PLATE V.

Roots of Peach, showing enlargements caused by Anguillula. (Original.)

PLATE VI.

Roots of Weeping Willow, show ing enlargements raised by Aguillula-natural

size. (Original.)

PLATE VII.

Roots of Fig,showing enlargements caused by Anguillula-natural -size. (Orig-
inal.)

PLATE VIII.

1, section of root of Okra, showing enlargements caused by Angnillula; 2, Peach,
same: 3, Grape, sane-enlarged four tines: 4, Weeping Willow, sarme-natural size:

A, enlargements and nests; B,spots of decay. (Original.)

PLATE IX.

Reproductive cysts which form in the iternii of the fnale Au-ui llula: 1, first
stage, solid mass of granular cells: 2,3,segnientation or division into two parts; 4.
26, 5, 5a, (, segmentation into four parts; 7, longitudinal tissure appearing, which
causes segmentation into eight parts: 8.9, 10, 11, 12, 1,14, 15, 16, 17, 1-, walls of se;-
ments absorbing each side of the central longitudinal fissure which extends to the
margin of the cyst in one direction, nutil upon separation at that end motion lans-
greatly enlarged. (Ori.inal.)
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PLATE X.

Reproductive cysts (continued) .1, la, first stage; 2, 3, 4, 26, bi-segmentation or di-
vision into two parts; 5, 6, 7, 8, 9, segmentation into four parts; 10, 11, 12, 13, 14, 15,
16, 17, 18, segmentation into eight parts-greatly enlarged. (Original.)

PLATE XI.

Developed or free Anguillubw within the reproductive cysts: 1, free Auguillula
within eyst not yet broken; 2,3,7, cyst broken; 4,4a, empty shell of cyst from which
Anguillue have emerged; 5, young worm casting skin ; 6, empty skin cast by young
worm--greatly enlarged. (Original.)

PLATE XII.

Growth of Anguillulae: 1, cast skin of young worm; 2, 3, 4, 5, 6,7, 8, worms showing
bluntness at one end, with fissure having a circular, hinge like termination at A, and
granular masses of cells within-greatly enlarged. (Original.)

PLATE XIII.

Growth of Augui llu he (coit inuled): 1,2, 3, worms showing masses of fine cells irregu-
larlp arranged within, and fissure at blunt end with circular, hinge-like termination
at A-greatly enlarged. (Original.)

PLATE XIV.

Growth of Anguillula and changes within the female: 1, 2, female worms showing
granular masses within; 3, 4, 5, 6, changes in shape in the female, preceded by for-

mation in upper and lower thirds of body of dark masses of cells, A, B, C, which

eventually unite-greatly enlarged. (Original.)

PLATE XV.

Changes within female Auguillule (continued): 1, 2, 3, enlargements in shape of
the female, with formation of masses of cells at A-greatly enlarged. (Original.)

PLATE XVI.

Changes in form of female Anguillulhe: 1-15, outlines showing changes in form,
from leaving the reproductive cyst until the female is herself filled with cysts, also
showing changes in the form of the head and disappearance of the tail-greatly en-
larged. (Original.)

PLATE XVII.

Changes in form of female Anguilluhe (continued) : 1-9, outlines of changes in form
of body and head, with the disappearance of the tail-greatly enlarged. (Original.)

PLATE XVIII.

Gravid female Auguillula, showing contracted head and neck as in some females,
and the arrangement of cysts in the uterus-greatly enlarged. (Original.)

PLATE XIX.

Arrangement of cysts in uterus of female Auguillula and expulsion of young worms
through fissure in the head-greatly enlarged. (Original.)
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ILA.vTE XX.

Arrangement of cysts in uternts of feual Aoug ill ula teontiuied): A-B,cymts at
ranged in hands reaching across to tho walls of the uteruN; H-C, aggregation of cl l
into irreguilar uases within the uterus; ('-D,iaggregations of cells arranged in two

rows in tho uterus; D-E, cysts that have attained tho normal size and become en.'ated
with ta thin epidermis-greatly enlarged. (Original.)

PLATE XXI.

A changed arrangement of cysts within the uterun of the female Anguillula which
often occurs-greatly enlarged. (Original.)
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GRAVID FEMALE ANGUILLULA, SHOWING CYSTS IN UTERO.
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