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T1 lAit wq 0iJ ".l nset ticide for rreenhae- fuiiiration is to-
haln in I -. . ' Ii-. I m 1an,111v in tanes it wit lotit cl dolbit the

cheapest and sa fet in-teticis e to una atrin-t uphitlel nel an few other
treenlouse insect. It, eftectiveness, Iowever. Iulder the 1het condi-

tions is not great, us it reqllires rIel"eateel u-e at -holt intervals. More-
over. it niaV :a'-e eriou, itjurv to the plint- . In the came of violet,
it has been found to be of only slight value arain t ;llpiitles working
in the buil. and while' it usuav detIrov the moo-called " ureen ai>his " when
exposed, it i not effective in killing the h brown upihi." ()n the
other hind. tobacco mui:1y prove injiulIrioul to the folingt and flowers.
bringing ol enieeiiiic of "" Spot.- Tobacco i- also iiele- against
scale insects inl generl and mlealv hugr. The deirail1ity of sonie
insecticile as easily us-ed as tobacco.blut more pe net rating and eff'ective
and less likely- to injure p laints. was apparent. and becaie ab-olutely
necesarV in our Stualv of the dis ea-e of certain crops.

Ilvilrovanic-aci o a.,inie its int ronelition by the lhBureall of Eito-
miolo-gv in I aIu a remieilv ag-raini-t kale insects of the orange. has

proved of great value u, an it--ecticide. Previot- to our ex)eri'llent-
early in 1S9.7). though it had been occn1iinall tried inl greenhouises,
hidroevanic acid wa, not reco mietle. on account of it- injurious
effects IIpoll plants. A, a result of a Series of careful experiment. we
found that a a rule planit- were le-. itijuied )t v a ,hort expoture to a
'lat iveliv larre :111tnit of raS than the11 were 1 V a lol expolifre to a

relatively . ill 2i1101i11t. ( (ll the other 1and1. a ,troll doe for a hohrt

Exe't.LANATORY NOTE.-The fatt that a cireilar of th" iait of Entomology
should he written by an expert of the turetm of I'Ia nt Inultistry needs a word
of explanation: Messrs..\. F. Woods mul 1'. 11. Iorsett. who lpretared th1i first
two editions Jointly. found it neo-essary. in the course of their invest im ontis of
the diseases of gretenhanse plants. to destroy the insects living ulmn the plants
which they had under obsen\ation. Feor this plrpose they used Ihy'drocyaie'-

ach gas and this turnie by this practilnI experietce so well fitted to discuss
this particular phase of the use of this imlportant gas that I requesttel them to
prepare ; circular on this suiject. This Inst edition has been revised by Ir.

W14)ls at liy revtinest.-L.. Ho Il* h o . hnt'?l'n.lfui.t*
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time was the mo-t effective inl killing insects. Differelt species and
varieties of plant . however. were found to vary remCarikably in their
power of withialldiing the poison. Tlhi- in mlany case- appeared to
depend 11pon thi open or clo-ed condition of the breathing pores a.,
well as upon peculiarities of the cell contents. Fuiigation an hour
or two after -undow ii. with the temperature a low as practicable, was
found to (ive the he-t re-ult-. In all cases the foliage miiust he per-
f-(tly dry or it mIaV 1 injured by the gas. In each case the proper
amount of gas to use and the length of expo-1 are muu-t he determined
by experiment. It is ilmpo--ble at present to give a general rule ap-

plicable to all plants inl all ages of development. When the condi-
I1(0- are once determined they miu t be -trictly followed to insure the
Greatest succc-5. Methods of experiment ing will he described in the
litcr part of thi- circular. The quantity of gas in each case is al-

2i v- i(enI in terms of the potassium cyanide from which it is made,

r

z -

A# 
l Y'

Flta. 1.-Fulmicatin_ h- X. sAnn in_ trays andic lei] ut ntoOi n

and on a hasis of a ediie foot of space. as will be explained more in
detail farther on. The cyanide, as well as the gas made from it, is
exceedingly poisonous. and both munst be used with the greatest care.

CROPS AND PESTS ON WHICH THE G(AS HAS BEEN SUCCESSFULLY USED.

Ferus.-For Daewllia lmUoraa( (1 infested with a scale insect ( Chion-
tl);1 sp.). 0.075 grain of 98 per cent pota--ium cyanide should be

n-ed for each cubic foot of -pace to be funligated, not deducting the

space occupied by the plants. Length of exposure, twenty minutes.
One hundred and fifty to two hundred plants with fronds in all

stage of development have been thus treated two or three time- each

YOar for the past thirteen years with no injury to the plants and
almost complete destruction of the insect. They were treated fifty at

:1 ine im a fuigating box (fig. 1). described later.
ii'.: :1

1
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( to('n(1(s. Sct. (idhl. Aleteor',and A-e mowan will stand one-
t(inb 1 of a grami 9S per cent c anlide per cubic foot of space for 15 min-
Hiues without naterial injury. This will kill about 90 per cent of the
aphides. but will not kill thrips. The tle of the gas for carnations
needs to be iore carefully investigated before it is recommended.
The saule is true of chrVsantheunils. on which it has been tried with
only partial success. the younlg growth being verv sensitive.

r. amb i q/usx.-The gas has been used with success in New
Zoaland , for Inealy lugs (DIrty1oi.us ai'don i L..) at the rate of
oine-third of an ounce UN per cent cyanide to 100 cubic feet. This is
ejilivalent to Iine-hundredths grain per cbliic foot. The gas is
liberated after dark and left in till next morning, when thorough
ventilation is g iven. It largely escapes, Ihowever. during the night.
The treatment is said not to injure the plants in the least.

Tintocs.- I ). Jabez Fisher, in "American Gardening " (Oct. 29,
ls )), reports using the gas for.. white Hy " (A leUde caporariorum
West v.) on tomatoes. The gas froti 1 ounce of pure cyanide of

potassium for each 1,000 cubic feet. left in the house over night. killed
all the insects without injury to the plants. This method has not
yet proved successful with us in any case, but it should nevertheless
reciV-e careful trial by other experimenters.-

CUBIC CONTENTS of THE IIOUSE.

It is necessarv in every case to determine with great care the cubic
contents of the house. frame. or box inl which the fumiigation is to be

made. To illustrate: Fir _' shows cross sections of two steles of
greenhouse structures now in general use. At the left is an even span
house 100 feet long. 12 feet wide, 2 feet on the sides. and 5 feet 6
inches from the surface of the bed, to the ridge. with a walk 14 inches
wide and 15 inches deep. To determine accurately the number of
cubic feet inl this or a house of similar construction: First, make a
roul ghi drawing showing a cross section of the hoti se o nd. divide

the space into triangles and rectangles by drawing a line connecting
the two wall plates and one from the at right angles to this:
miark on each its resepective length in feet and inches. Compute the
number of cubic feet in each of the rectangles and triangles in accord-
ace with the following method. II the even span house shown at
the left the number of cubic feet of space in the wvalk is found by mul-

Fo urth Ietii ort. IDepIt. of A r., Ney Z':iIen l. 1 PI. 141-1a1.
See ulsu Funigation M \ethuids. iy V. G. Johnsn (orange Judd) : Violet

Culture, by Gllowayv I Florist Eeohangiei : Heinenway. II. D.-Itul. 2:' i. s.,
Div. Ent.. 1'. 8. Dept. Agric.. pp. 69-71. 1901: ('hittenden. F. II.-11u1. -i. n. s.,
Div. Ent.. 1. 8. Dept. Agie.., pp. 2,1-2(. 11)1 [('ir. 37 quoted] ; Morrill, -. N.-
l'ir. U . I r. Ent.. u N. .Dept. Agric., p. 5-9, 1905.



tillying tll width I the depth 1i the hngth, ti1-: .Iultil1t I l1
2 1les by I foot :\nrIhe, Ib 101 feet : redgieii to inhe- we base 11

inches multiplied by li inwhl-o by 1.00 0 incli', etqual- 2.52,000 (lubiC

invihe-: dividing this result b)y 1.72x. Ibt, 10umber of c1hie in hes con1-

tainal in a tibic foot. i:e ha I :. 111 ::ubi feet. The rIctanigle

. I ) (i F i" corn >ted in thll -:ame wa.I txc pIt tha It ill til cn, it i -

hut nece I 1ry to redlie tlt teet to i IeI-. It \\o(b b lN 12 feet itiit i-

Ilied hi- 2 feet by 100 feet tequal- 2.11m colbic f6"t. 'hi- br1'in- ni-. to

the triangle. Th rule genierally given for culenlatin i th Ii ara of a

rilit-angle triIIngle i. to IuilltipIy th lha-e by the l(perlpemili(iilar anal
divide the >rodinct biy 2. Tiho result miiultillied bv i1l l'Iinth of the

Italls m l \Y I e IVO e 1 10 111111 (00 cad 1 1 1 . 1 tit 1 -Pia 1 l ardH Ji ff lil Ill)1-

tain-. For exapIliIe. taking the trianlre .\ C E: C ftet miiultiIIil by
: feet 1 inchie. equjal- 1 fIet. uliviuled by 2 equal- 111.:1 felt. muiilti-

plied by 1101) feet euilal 1..50 uill feet. TIV arIa Tf the t rianu'gl-
EC( 1) and the cubic feet in thii- part of the husl-e are uetirmile, in

---- or-- + -- -or -- I .

I 'I I
Flo. 2.-End section of even span house at left, same of three-quartor span house at

right. IOrlainal.

the wine way: or, in this case. -ince the triangle- are equal. the de-
sired re-ult is obtained by mul1itiplying the nIIber of cubic feet in the

triangle A C E by 2: 1.0:0 multiplied by 2 equal 2.100 cubic feet.
The contents of this home is therefore IH5.3 phlu 2.400) plus 2.100.

equal- 4.145.53 cubic feet : t hi- re-ult multiplied by the required do-e
per cubic foot of -pace wvill 1rive the amnolnlt of cyanide of potnsiumll
1ece15arv for 011n fumigation.

Fig. 2 show- at the right a cro ection of a three-quarter span
house 100 feet long. 1- feet wide, front wall 4 feet 4 inches, back wvall
1, feet 4 inches. and 11 feet 1) inches to the ridge. The cubic content-
of this hon-e is determined in the smane manner. except that the two

tr iangles being unequal. each one will have to be calculated separately.
The house contain: 15.050 cubic feet. It will thu- be -eenl that the
cubic content of a liouie or frame of any style can be readily deter-
mined by simply dividing a cros section of the same into the nece--

32S)2-Cir. 37-OS- 2
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:ure- numbert-I' of triangl(- and rectangle, and calculating as demnon-
-trated above.

A -iimpler Method of obtaining the cubic contents of a house has
bwel de cribed by ( allowav. Tills consists in laving off a cross see-
tion of the house according to scale, on a piece of paper ruled in
-juares. each -quare being equal to a square foot. For example. sup-

Io(e the ,quares are one-eighth of an inch to a square foot. The end-
-ectiol of the house is then accurately laid off on these squares, and

-Y counting the squares and parts of squares the number of square
feet of pace in the end section can he easily determined. This. mul-

tiplied by the length of the house, will give the cubic contents in cubic
feet.

AMOUNT oF POTAsSIUM CYANIDE To USE.

A ter the umniber of cubic feet in the pace to be fumigated is deter-
i1ned. the amount of cyanide required is found by mltiplying the
'itbic contents by the dose per cubic foot. For example, if single
-iolets are to be fumigated the do-e would be one-tenth of a grain per

clhic foot. A dose. therefore, for the even-span house. containing
4.i4; cubic feet. would be 4.O4; multiplied by .1 equals 464.6 grams.
To reduce this to ounces. divide the number of grams by 28.35 (the
lumber of grams in an ounce avoirdupois). 4h4.G divided by 28.33

t-quals 16.3S ounces avoirdupois. It may be necessary to reduce the
fraction of ounces to grains: 437.. (the number of grains in an ounce

multiplied by .3S equals 100 grains.
If double violets are to be fumigated the cubic contents would be

multiplied by .15. thus: 4.(4( multiplied by .1) equals 696.9 grams.
divided by 28.33 equals 24.58 ounces avoirdupois. .5A ounce equals

3 grains. In the case of a small space of less than 10 cubic feet
the dose in grains should first he determined, and this, if necessary.
can be changed to grains by multiplying the number of grams bV
15.43 (grains in a gram). thus: 30 (cubic feet) multiplied by .15
'rai equals 4.5 grains. multiplied by 15.43 (grains in a gram) equals

1,.43 grains. or approximately 69.3 grains. The reduction to ounces

ur rains will not he necessary if metric weights are used, which is

-t ronglv urged. When the dose for certain plants in a given house.
frame. or box is once obtained, it -hould be carefully recorded on the
hio1l-e or box thus:

Il tents: 1.13 Cubic feet.{Ferns, .075 gram lIer cubic foot equals 7T.1 grams.
Violets. double. at .1- gram per cubie foot equals 152.25 grams.

If a scale weighing with avoirdupois weights is used, the dose
-hould be recorded in ounces and grains.

[Cir. 37]
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-peondi~ni2 to the iumiber of jar,. Wrap each part up in a single
thickness of ordinary newspaper and put in ordinary brown paper

aus,. and attach the bags to the strings, as shown in fix. 8. While
the jars are empty test the arrangement to see if it works satisfac-
torily. After each hag is suspended in place, the other end of the
>t ring, securely fastened where it can be reached from the outside.
an1d the arraigement tested. move the suspended bairs to one side so

they will be out of the way while putting the water and acid in the

jars. When this is done. pour into each jar an amount of water

about equal to the bulk of the potassium cyanide in the bag. Eight
unces of cyanide will require about half a pint of water. The sul-

phiuric acid should then be poured in until steam rises from the

l. i Violet hou 7e repaired for fu -igation. y r IUgial.)

water. This would requiire for a pint of water about a p)int and a

half of acid. It is not necessary, however, to measure the acid. as the
evolution of steam indicates when the right amount ha-. been p~ouredl
in. Always put the water in first and then pour in the acid. As

soonl as this is done place the bags over their respective jars. 'When
all is ready. go out, close the door. and carefully loosen the strings.

allowing the bags to settle into the acid. While the method just de-
Nribed. is desirable for a large house or series of houses from which
exit old be diflkult after lark, it is not necessary to go to the
tul de of lowering the cyanide into the acid by strings in most

[(Jr. :87]

b



Zll -. lu1 (pUlO J- 11.11 ,uA

1:p11 l .u11111.. 1111 1 nj 1111lId il .10 414a1 n ll 1l I U fbLi o 4m 1111:un 14 1111

I)lo a nllu ;1 U A.1 d11 d ial p ilt "11 11 u1 all!Id l )d I11d 141u(t1( dill onal

1:. 1)111, .1 1u.11 1 O I n .1(41 (l13111 1)1i 11(I.1.11 , t: lltl fl 1 111 11~r 111 Iii tool)

jaq noi ii .~Iiii I " .up.ldI a ' sno41.~ I " !)m uJ0

-11 Ao )111U.I ' .U d ( thU.) SI! 1 ,{ l tll) \ )t1u uo .n) o)nm X1(S .r.I3i 11 mp

1I1,1(ll:.,1 '.Ill .4 t(l4.1111 i:0.d d ltl d ad lp "iU 1 (43ll111a.dJ !IA (" l, "I *J
0  XIII

1.i: u(11:;;1 I I) 1 j4)i1j1.\ i 11 "V .)ho(01 p .11th 1 1 ) d 11i1 * .\IlM .i

,)( -11'., \1:.)Ud 1111 I)111)11 ".43U IIIIU .1.) ,i I 111( td~~o la~ .1 1 j( Ih.t 41111 .A111

*\j~i Ut1 -1 11 d ll posit 1.1 11 11 .1-1 11)il t-o ul 1piiut .\l 0114 14.11:il.1 1 .11. 1

Wl N JI 41 11 dil\\0i '1101 1 d1111

-,)1 IIII ). 111 Mhlol !" 1 ( 1 1 11 .n l h i t 'Ilh "la.II ! .nj j l d

111.\l l(1l ~ *E 1l: " 111 t1 ..11.11 t: 1(I I I l .bI, \0 (I jlid .111 3( 1 )f3 11(

11(11, 1h I( i.1 , ol ~il~: llU .It.N1IU,(I .1111X ( I 4)1,' "It! dI) 1(1 ~l 11 1 1.144J" 1 (1l

-spa nollt "LL .1 11 1.\I ""l .; l "I! ni i I )(x I ILII 11 l;

s! I II l 'SA XM :) \a <.lm'I Kn AAn

-c n n .y o as. un -an l"I nl1. 4ut

-11P I t( ""111 I 111 .v""' I IIP l _\ ).I .1 1 1 4 II 1 I od! 1a(

1:a va1.n1 " "-.1.\ 1)11 "'I11 1.111111 Pl "'is man ad p apr' ll 'LL1 x4'11 1(1
aq I eI "1.( .1( 111 (1 1" : 1(!1 Ia 11t a ( ' ll ( l J" 1" l" 11! tl 11
-un11nh1!11 '" atI " PII!;71.( 1 \ N 1.1:1- " ""1 1-l" ) I" ha" l) 1)" I !~u 1

I)(v .),1 -1 1 :.u 11 ( I ): l 1:I."" I 1 ""l'.I 1 l"" 1( It " 1" \ 11 ' ' "I II -(1

t:11n t( la it: l.' : Ill %) .0 al 1111 14 ""O 1:IU x11 li 10.1so '"LL P "11111

-.\\l 111 o s 1 "1111{ 1"-11.. .1 ! .nll 1 s m lo 11n1\a s ; o 11111 .11 1),n 11n .1u

' ""11! "1):, ' 1111s 1. 1:1n o 1)11 I,11 .11n 1 i ussman( O. :< 1 11 ,! " Iull m e

-. 1110 11 .1.1.\. 110 pill..1ps u .."\ I 1 11 "" .1 .\I 11o\ pu 41 .I o o'l ""

111 .1n :. 11111: u .111 .w .n,1 age)1 ( m :(I "I11. )11.1 1 ll 1 .11.\\ ill 1nu 11s m

'"It a ' 1.1 111:" 11 11! (1(11 )1.m 11u .(. 11) ,")1 " 1" :saul ti : g 11 stm "111111

1:1 I.I. I:1I an l 11111n \'un .I: .)1:,t .(11 IIIion )1111,1. "It " "a .mold

G



1 1)

ui licldv il teal. \w\ i tilt desired length of time has elapsed
ike ol11 the conen and open the door and retire, so as not to breathe
I Ie gas. In a few minutes the gas will have onfficiently escaped so

that the Ilats may be taken it and o1their treated in tle same way.
Ijury- (if there is any) to the plants mtay not show for two or three
ays. so. in the case of experimenting. conclusions should not be has-

1ilv drawnl. The box nay he used in the daytiiie if the work is done
in a cool place. For experimental purposes and treating plant on a
-inall scale. a small greenhouse containing 1.00) enuhic feet. or less. is
hitter 1ta a box. as the results obtained with it are more reliable
11i wlre i- le-- clanger of injury to the foliage.

oND*DENSED DIRuECTItnNs.

(1) Carefullv detel nuine the cielic content= of the house and the
imuntt of evaniide of potassi m to use.

( - Il ake th e Imuse a tight as possible.
1:) Airrane so that the ventilator- can he opened front the out-

1 I) Place the jar, and strings in position.'
1 5) After d sk attach the bag, containing the cyanide to strings. as

le-tribed. and find if they woirk correctly.

I ) Hang the hag, to one side and put water and acid into the jars;
itrrange protection and put the hugs in place again.

When all is ready lower the hags into the jar- by loosening the
-tin':s front outside.

(*' ) After the proper exposure open the ventilators from outside,
leaving them pelt from thirty- to forte-five minutes before entering
the house.

(;) \ext limning bury contents of the jars.
(11 ) The foliage u1utt le perfectly dry.

CA TI(N.

It should he remneibered that hydrOevanic-acid gas is one of the

deadliest poisons known fatal to human beings and plants. as well as
t( insect-.

Greethoutses which are within :)0 to 7: feet of dwelling- should not

ie funmigated unless the windows and doors of the latter on the side

!wxt to the greenhouse can be closed during the operation.

If the potassium cyanide is to be dropped int the jars by hand. place the

I :itg hioside each jar: then a iman for eatth separate group of jars should

ir it one end and wiOrk towards the end from which quick exit can he made.
Afftr proper exttoslure open ventilators, etc.
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