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Tiu whit e grubs of Porto Rico ar e kri9wn to have been p1·escnt 
an d ddng damage on the Island for the last tw enty-fi ve year s. How 
set'iou~ th eir r avages ,vere pr eviously we do not know , but since tbat 
time 1:iey ha ve become gradually mor e and more destructive, until 
at pr.sent it is impo ssible to grow ratoon cane in some sect ions oi' 
the Hand. 

Diring the year of 1908 the suga r can e in th e distr ict of Gua -
ni ca Centra l began to suffer very notic eably from th e attac k of the 
whi f! g.rub ~, and the following year, matters becoming still worse, 
st re.mous me~ures were .sta rt ed for discovering methods of con-
tro)in g this ser ious pest. 

li'rom that ti me until th e pr esent, num erou s and varied experi-
mots have been conduct ed by va riou s entomolog ical work ers of 
th Insular Experim ent Station of Rio Piedras an d the Fed era l 
E ;periment Station, both in dep endently , and in co-opera t ion with 
tr '. managem ent of Guanica Centr al and other cent ral s of the Island. 

• , No report bas ~ver been publi shed on t he results of the vast amount 
c! exp erime ntal work condu cted along t hese lines, and altho ugh th e 
uajority of th e r esults a re of a negat ive natur e, they ar 2 of con-
iderabl e in ter est and some va lue to entom ological workers . Theni-
ore th e writer ha s prepared thi s brief r eview. 

A considerabl e port ion of th e work was carried out by the late 
Mr. C. T. Murphy , in charge of th e expe riment a l wor k at Guani ca, 
in c.o-operation with Mr. W. V. 'l'ower, form erly ~ntomologist of 
the F ederal Experim ent Stat ion at lVIayagilez, and Mr . D. ·L. Van 
Dine , former ent omologist of the Exp eriment Stat ion of th e Sugar 

. Producers' Assoc iat ion of Porto Ri co. Port ions of the work have 
nl~ been conclnl.'ted by 1fessrs. 'J'hos. JI .. Jones and G. N . . Wolcott, 
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form er entomologists of th e In sular Experim ent Station , and by . 
former assistant entomologist Eu gene G. Smyth. Mr. ,R. I-I. Van 
Zwaluw·enburg , entomologist of th e Feder al E xperiment Station at 
Mayag hez, has also carried out work along thi s lin e, as is not ed here-
aft er . Credit is due to all of these -workers for the da ta given below. 

Mr. Eug ene G.· Smyth , who has recentl y publi shed an articl c1 

on the whit e grubs injuring sugar cane in Porto Rico, ~tat es tha t 
t en distin ct species of white grubs have been ·Segregat ed ard stu died .. 
0£ th ese, £our belong to th e genu s Phylloph agct and one to the gen;_1~ -
Phyta.l its in t he trib e 1'1elolonthini, while th e other five 1elong to 
thr ee gener a in the trib e Dy nastin i:. 

It was in connection with the members of the genn s Ph '!}lo'p haga 
t hat most of th e experim ental work was condu ct ed an d t . which 
the following data apply. 

Th e variou s expel'iments ha ve been group ed accordin g to ·h e fol-
lowing headings: soil fumigant s, soil insecti cides, mechani cal me.th-
,0ds, poison sprays , and parasiti c insects and diseases. Spa c.-i does 
not permit th e publication of all th e experiment s condu cted ir some 

. cases, so selection s have been t aken that repr esent th e typical iesult s 
,0.btain ed in each group. 

SOIL FU.l\HGA N 'l'S. 

Und er t his heauing have been group ed th e experim ent s eondi cted 
with carbon bisulphid e, gasoline, toba cco extra ct , pot assi11rn cya:ride, 
and vapori te, since in all cases th e gases or fum es given off by t1es0 
.substan ces were depended upon to kill the grub s. 

'Carbon bisulphide. 

'To t est th e value of carbon bisul phid e a s a killin g agent, to lc-
t ermin e the best method of applica tion , and the most efficient am01t1t 
rof th e liquid to use, th e two following exp eriment s were made. 'I'hqr 
wer e ~ondu ctecl in cane land sever ely inf ested with gr ubs : 

Experiment 1.-Use of Carbon Bisulphide in Killing the White Grub. 

~o. 1 No. I 
of o f stool s Aig~inl I 

pl o1 of ca n e ttppl led I 

How I \\' he n Av~~~ge No . t~~f [~~ ~~fter Per ceu ! 

--~ -p-p lled ___ ex a m __ i ned·- - g rub s ~-=-----of gru bs _ pcr s tool De1td k lll e<l 

l 4 25cc. Ho le in ce n - 48 IJour s later 8 II 2 1 6i\ 
·2 4 50ce . te r or. sto o l. .. 16 5 60 !l'l 

_ · ! · 4 25c c. I!~le ~1 lset~ ~t .. 16 52 9 j 14 

4 I ·I 50cc. · " " 10 a.,; 6 I ll 
,::., ,1 25c,:. In L hole nt ·· I i 5:? I J5 2i, 
, r, 3 50

ce. sld e(? .fstool .. 6 25 1 
- - ,- .Tou rn ol of the D ep1. of A!!rie . of P . R-.; Vol. l , no. 2., pp . 47- 9 2. 110. 3 , pp. 141 - 169 

l 
l1 
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Experiment II.-Use of Oai:bon Bisulphide in Killing White Grubs. 

No. No. of ~mount I Deptb or I Wben Per cent 
of s loo ls of CS2 I How appli ed injection ' examined of grub s 

plot Cl\lle applied 

I Center of stoo l . .. : .... ... .... 

kllled 

I 10 12.5cc . r, in ches . . 15 day s later 60 
2 .. 25 cc. ............... .. ' ,, 65 
;{ it 50 cc. I 75 
,1 !• 25 cc. 12.5 cc . ea cb slcii, i:ir'stooi:::. 78 
ij 50 cc. 25. cc. on each sid e of' s tool. 

in~be s .. j 
76 . .,~ In center or s too l .. . ........ . 90 ............. ... 66 

As a result of thes e experiments it was seen that carbon bisnl-
ph id c vrns a good killing agent, and that the best results were ob-
tained by 'putting the charge in the center of the stools of cane at 
a depth of about three inches. It was also noted , however, that se-
vere injur y resu lted to the cane plants from the carbon bisulphid c 
when amounts greater than 12.5 cc. were used . 

An experiment was then conducted at Guanica Centra1, under 
the direct superv ision of Mr. C. T . Murphy , to test out the valu e 
of carbon bisulphide on a field scale. Some th ir ty-three odd acres 
of land planted to sugar cane were used, ai·ranged in five differ ent 
sections of 3, 3, 4, 6, and 4 plots , resp ectively. One check plot was 
left in each section. 

'l'he carbon bisulphide was inj ected by th e use of several "Pal 
Tnjcctem·s" import ed from Germ any at a cost of *a l.57 <'ach. Th ey 
were so arranged that any amount of liquid desired cou lcl be inj ected 
at one tim e. The only drawback in th e use of thes e instrum ents · 
was the action of the carbon bisnlphide on the rubber connect ions 
and leath er washers . Thes e very qui ekly clisintcgrat ecl, and th e small 
pi eces of rubber and leather clogged up the holes throug h whieh the 
liquid was forced. Specially devised rubber connections finally over-
came this difficulty, however. 

Carbon bisulp hid e was found to be a most disagr eeable and dan -
gerou s liquid to handl e, foe alt.hough no serious accidents happened , 
num erous burns about the hands and face wct'(' experi en cf'd hy the 
men who app lied it. 

In all, eight thousand eight hundr ed pounds of thi s matet·ial 
were used in the experiment at a cost of six cents a pound. The 
cost of application was $67.05. The cost of material and labor for 
the application of fifteen grams per stool of cane amounted to $15.53 
p er acre ; for the application of th irt y grams per stool, $31.06 per 
acr e. The followin g .tab les give the _ results of th e experim ent: 
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CONTROL OF WHITE GRUBS . 5 

All plots in th is experiment r eceived the same cultural treatm eut. 
The only factor that could not be controlled was th e · condition o.f 
the soil. In section four th e check plot unfortunat ely fell upon a 
pi ece of bad soil which r educed the yield at least ten tons below the 
average normal crop per acre . If we disr egard th is plot, we then 
find that on six of the ten tr eat ed plots the yield fell below the check 
plot s. In all cases wher e a double dose was appli ed th e yield was 
lower than on the check plot. The carbon bisu lph ide had a detri-
mental effect on the growth of the cane plants. 

·· Altogether the results do ,not warrant a further use of carbon 
bisulphide as a means of control for the white grubs in growing 
cane, for although it may kiU the grubs in the stool when first ap-
plied the effect is not last ing , and as the egg-laying season of: the 
b eetle extends over a rather long period the land soon becomes re-
-infected and at least three applications a season would be necessary 
to keep the ' land free from the grubs . The expense of the material 
would in any case render such an operation prohibitive . Th e liqnicl 
1s dangerous and disagreeabl e to handle, and furth ermor e it is in-
jurious to the can.e, stunting its growth and oft en killing the plant. 

Carbon bisulpllide and gasoline. 

In an endeavor to find a mixture that ,vould be cheaper and Jess 
injurious to plant life than carbon bisulphide , experiment s wer e tri ed 
with gasoline and various mixtures of gasolin e and carbon bisulphicle. 
'I'he following table shows the r esults obtained: 

:Experiment IV .- U se of Carbon Bisulpllide and Gasoline Ag ain st White Grubs. 

:-io. No . Wher e Grub s fonod alter I Pe r cent 
Amount tre Rtment 

o f of s tool s Liquid used p er stool applied lu grub ~ 
plot of cane stool klllecl 

--- ·--·-·-1 ----- -----
1 10 Pur o CS 2 20 g rnms Center . I - 96 
2 10 (; asolin e 20 ,. 20 1'17 na 
., 10 CS 2- Y., 10 179 95 

.j 5 
r;!'s- ~ 

10 31 57 6.5 
.5 5 ,JO 2 59 9i 
;; 10 <·s2- ~ 

1. 
(~ ~,:s-~ 20 18 1:n 87 

7 3 JO 9 18 66 
8 5 40 .. 6 Ci6 91 

All experiments conducted with thes e two liquids consist ently 
·showed that they had a1most equal killing powers and could be mixed 
.as desired . However , when applied to young cane all the mixtur es 
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in quantiti es of twenty grams or more severely burn ed the plants , 
and even with mature cane severe injury resulted. 

H ence it was found impossible to use gasoline as a sub8titu te 
or as an adulterant for ca1~bon bisulphid e. The great incr ease in 
the cost of gasoline at th e present time would of cours e prccluck 
its use , even had it prov ed to be non-injuriou s to plant life. 

Potass ium cyanide . 

In view of the deadly na tur e . of potassium cyanid e and of, re-
ports of its successfu l use in controlling certain form s of subt erra-
nean ins ects, it seemed desirabl e to try it out against the whit e grubs. 
Exp erim ents were accordingly car ried out in which pota ssium cya-
nid e in both liquid and crystal form was app lied in various amounts 
and at vary ing depths in th e soil, aro und the roots of the sugar cane . 

The pota ssium-cyanid e solution was pr epared by dis solving two 
hundred grams of the crystal s in a lite r of water. Five grams of 
the crys tals were thus equival ent to twenty -five cc. of solution. For 
purposes of comparison equivalent amounts of potassitm1 cyanid e 
were used in both expe rim ents. The following tables show the n!-
sults obtained: 

Experiment V.-Experitnent with Potassium Cyanide in Liquid Form. 

Plot I No. Amount Depth When When No. gru bs fouo<I 
N of stool s applied How app lied ap plie d applied examined 
' 

0
· of cane 

- - - -
l 8 25cc. Ce n ter.of stool 3 in ch es Feb . 21 Mo.rch 3 84 I 13 
2 8 H ,, 5 " " 87 I 

I 7 
3 7 ·?~ :: .. 3 . , . . ,. ., .. ~9 2fi 
4 7 .. 5 .. .. " .. .. 74 i 16 

I ~------- - ---- ---- ---· -

Experiment VI.-Experiment with Potassium Cyanide in Crystal Fonu . 

riot N o. Amoun t Dep tb Wilen Wh en No. grub s fount! 

No. of stools applied Ho w applied applied appli ed ex amined 
of ca n e Ali\ ·e Dead 

---- - - ~ 
J 1 ?, gr!~ms Cen ter of stoo l 5 Inch es Feb . 21 F <;~- 28 II 2 
2 l ,. 8 " " ,. 27 u 
3 2 10 .. 5 .. )farch 2 26 8 
·1 5 a .. " 3 45 HI 
5 4 5 5 ., 6-1 2 
6 4 " a .. 68 2G 
7 5 10 ., 5 

.. 78 5 
8 5 3 " lll l 2 

From the above tables we see that ther e was very littl e differenc e 
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in favor of eith er .form of the cyanide as a killing agent. In all case1; 
the injection at thr ee inches' gave better result s than at five inchC's. 
However , neither form of potass ium cyanide gave r esults that would 
warrant its use as a soil fumigant in cont rolling the whit e grub. 

The exper iin ents tend to show that the poison has but smal l 
powers of penetrat ion when appli ed in such a manner. The dan -
ger incid ent upon the app licat ion of such a powerful poison und er 
exist ing labor condition s, would in any case render the advisab ili ty 
of using th is substance very doubtful. 

Tobacco. 

'fobacco is an old-time reinedy for insect p ests , and although H. 
is only effective when used against delicate soft-bod ied insects, fr e-
quent attem pts were made t o control th e white gr ubs with it. 'l'he 
following experim ent indicates the average results obtain ed with thi s · 
substan ce. Tobacco wat er was_made by steeping eight ounces of cur ed 
tobacc o in three gallons of water. It was then applied in pint doses 
to holes in the soil around the cane stools. 

Experiment VIL-Experiment with Tobacco Water Again st the White Grub. 

:-.o. :S:o . o f When I. Wh en 
No. ofgrn bs founcl 

or st'l o ls o f Amo u nt llow appli ed 
,, rot can e appli ed a ppli ed 1cxumin ed 

Alive Dead 
- --- -- - --- - --

I 6 J P))lt Hole In ce.~ter or stool . .. . Mar ch 28 AJ>.~11 2 45 2 
f, l .. 33 ;; 

8 6 1 .. Hole ea ch,~ld e of s too l :: :: " .. 15 8 ., 6 ., .. .... .. .. 4~ 5 

It is readily seen that the toba cco in this form had but very lit-
tl e effect on the white grub s. Tt is too . weak in action and too ex-
pensive as well to appl y in thi s rnanner. 

Vaporite. 

The last substance to be discussed und er the headin g of soil fn. 
migants is vap orit e, a commercial pr eparation put out in the fo 1·m 
of a gray powd er, which on coming into conta ct with moist soil grad -
ually gives off a vapor. In accordan ce with dir ecti ons for th e most 
efficient method of using this mat eria l, it should be applied at some 
depth below th e root syst em of the plant tr eated so tha t th e vap or 
given off will kill th e grub s and oth er insets in festing t he roots as 
it rises to the surfac e. 
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· The following table shows th e genera l tr end of all th e experim ent s 
~ondu cted with th is suestance : ' # 

Experim~nt VIII.-Experiment with Vaporite Against the White Grubs. 

No . No. o r A mount 
of stoo l s of applied 

No. of grubs found 

p l~.t cane s~~ l 
Ho w a p plied When 

a pplie d 
Wh en 

ex am ined 
Aliv e De ad 

- --- ---·1 -- -- ------ - --- ----- -- - --- -- -
1 2 4 oz. Uol e in center of stool .. . . J une 8 ,Jon e J4 6 0 
2 4 2 oz. g 0 a 6 I 01.. 17 1 
4 1 2 Oh. ~J 8;~r 2S Mrtf 27 14 0 
f, l 2 oz. 20 0 

The above results would tend to show that th is substance had. 
no effect what ever on . th e grub s. It is possible tha t the mater ial 
had deteriorat ed somewhat befor e application. 

SOIL INSECTJCIDES AND DETERREN'l'S . 

Under the heading of soil insecti cides ai:id deterrents have been 
grouped experim ents with a large nnmbcr of differ ent chemicals and 
manurial agent s in their relat ion to th e control of the whit e g rnb. 
No special ord er has been observed in pr esenting them other than 
to~ arr ange th em as logically as possible. 

Experiments with lime and variou s chemicals and chemical compounds mixed 
with lime . 

Experiment IX. - Experiment with Ammoniac ' and Lime Against the White 
Grub. 

- ·- - ---· -
No. Amot1111 lle p1h of ~Ji.qu rc use d 

.stoo l appl! ecl applied 

1 3 ounces Lim e 6 i nc h es 
% .Ammo ni ac 

2 ., M Lime 
J-<J Amonin. c 

4 
:, 8 
6 " 
7 
8 

1 Snl ammonia(· (amm oniu m chlori<le). 

I, 
I· 
I 
i 

I 

- -- - ----- -

H ow npplie•I 

Ench sl dt· of stoo l 

:So. g rubs fo.un d ofter 
Lr ent mcnt 

Alil"C' 

8 

!)(!(lei 

0 

II 
0 

t ., 
:i I 

Center or stool I 1; :! 

_L _} __ - _I -. t 

As may be seen by th e above tahle. t he a111moniac llll(] lirnl' hn.1 
l ittle or no efft>c-t on the whit e grn hs. 
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Experiment X.-Experiment with Carbolineum and Lime Against the White 
Grub. 

-- --- ---- - - - - ~--- ----~ - -- -,--~- - - -
A mount p er stoo l I ~o . 

of 
plot 

No. of 
stoo ls 
cnne 

malerl!LI used \\"hen 
How ap pli ed examin ed 

No. of g rub s foand 
afte r treatment 

ca,· bolineum Lim e I Alive D ead ' 

- i- ---~- ----~-g-~--~-:-, ::~:::::::! In sidt;_ofstool::::: J 3 da)'.~ Inter. __ i_b ___ 
0
_2_ 

5 ~i ~;.: I :'. . :::::::r ii 
7
:6 , •. )u,. ~o" cc. . ......... Euch s id.~ of stoo l. .. .; 2~ 

a cc. . . . . .. ... . . .. . 
25 cc. ., oz. I " . . . . 2 o I 23 cc. . . ... ... .. In cenLe,~ of stool.... 

2
f g 

:; L 1 _ 'E l! 1 :i. f . . . . ! 
The carbolineum, both alone and mixed with lime, had appar -

ently no effect at all upon th e grubs as a killing agent . Wheth er 
or not it had any value as a det errent was deter mined in a field trial 
together with a number of other chemica ls. 'l'he results are shown 
in the following table: 

Experiment XL - Experiment wit h Lime and Combinations of L ime and Other 
Chemica.is Against the Vinite Grnb. 

-- ---- -- ---- --,-------;-- -- ----,----,---- -,----,----- -,--- -
:-o. 
of 

plot 

2 

.. 
,, 
G 

Ton s 
Amount and klncl of No. a cres yield 

mater lnls u sed tren ted pe r 
A 

Kreso <lip 3 gals. Live 
lime 300 lbs. 

.183 3l .8 3 
20 en rbo lfo o.cld 5 gals. 

Lime 500 lbs. 
.275 35.36 

C arbo line um 5 gal s. .298 ~0.86 
Lim e 500 lbs. 

100 :;: ca r bolic nc h l 5 gtt ls. 
Lime 500 lbs. 

.298 W.15 

Li ve lim e 250 lb s ...... .. . .138 28. 08 
ClJeck ......... . .......... 

1 
.275 ~~.St 

----~·-·- - --

Avail- No . 
Hrix Sucrose rur! t ,· able ton s grubs 

· Sl'g llr found 
per ncre per stool 

~ .5 17.6 8-o.~ ·1.45 10 
t!),£; l i;,4 78,6 1.19 JO 

1-1.2 9.8 GD.O 2. 75 14 

I D. 8 "'· 9 so.a 3.6'> I S 

HI. I 1;;.~ 80 .1 3 .28 14 

1D.5 lG. 7 8C1.G ,J.51 l f, 

Th e sugar cane ns ed in this experim ent was planted in January. 
1910, a.pd reaped in April, l 911. Th e lime and oth er chemimils wer e 
appli ed Ma,v, 1910. As is sho,rn by th e tab le, non e of the tr eated 
plots <lid so well as t he check plot. Plot 3, although higher in yield 
per acre, was extraordinarily low in purit y, but wheth er this was 
due to th e tr eatm ent received or to some other factor. it is difficult 
to say. 

The fact that mor e grub s were found per stool in tbe elieck plot 
,,·ould suggest that some of the ehemi c;tls appli ed exPrcise d a slight 
deterre nt power , but not sufficient to haYc any prattical val ue. 
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Expe riments with manurial agents. 

To test the value of va riou s fertil izers or manurial agents as 
deterrents of the whit e grub an extensiv e series of experim ent s was 
conducte d. At :first, trial s were mad e on a limi ted scale wit b hcctles 
in confinement. · Flower-pots contai nin g soil and a small amount of 
fertilizer were pla ced in a cage with the beetl es. Eac h pot had a 
different fe1:tilizcr mixed wit h the soil and th e beetles had the oppor-
tunity to burrow in the pot ·that was most att ract ive to th em. I 11 

th is expe riment adva nt age was tak en of th e habit of th e hectics 1>f 
hiding in the soil dur in g the day . Examination was made of t lw 

I 

pots each day and a coun t of th e beetles in each made. Thlls at the· 
end of a week the tota l numb er of vis its per pot was known and . onw 
idea of th e repellent or attra ctive powers of each mat el'ial could· 
be formed. 

After a num bct· of these p i·elimin ary t ria ls, an exjJer irnent was 
eoud uct ed on a field scale with certain of the manurial agents, to 
determin e thei r effect on t he yield and qual ity of tf1c cane. as well 
as th eir deterrent effect as exhibi ted over an ent ir e growing season . 
Th e results are shown in th e. tabulation s that fol io\\·. 

In the fir st exper iment nin e pots of soil, each containing a smnll 
amount of fcr tili ze1·, were p laced in a cage wit h fifty beetles. 'l'lw 
following tab le -gives th e amount and kind of fertili zer in each pot. 
and the number of beetles that visit ed each pot dail y for a week: 

Experiment XII.-Repellant Effect of Variou s Manurial Agents on M ay Beetles. 

No. Amount :-umber o f beetles found in pot on the 
of Mo.nnr inl Agen1 used I 

pot 1st. do.y 2nd. 3rd . 4th. 5th . I 6th. itb. 

I Ammonl11mS11l p lu,1e
1_1_0-~:-,c-c-1- -6- -;-a- - -g-- ~ ~- 17-

2 l' otnss lum Ch lor ide. . , 2 3 l O O I 2 2 
3 l'otnss lum Sul phate.. ·· 4 5 4 5 t O 4 
4 .Blood....... .. ....... . :: I 9 12 11 3 7 21 17 
5 Cyo.namicl .. .......... I O O 2 7 2 O O 
6 Lime . . .. . .. . . .. . . . . . . " O O O O 11 l O O 
7 r.h eck . . . . . . . . . . . . . . . . " 16 9 ll ,I 1-1 O 5 
8 lloaeP.1ea! , ............ :; 9 7 13 18 2 / 5 4 
g Pbos phone Acid..... 9 12 5 10 4 10 11 

To to.I 
for 

week 

48 
10 
2:l 
80 
11 
11 
59 
5:l 
61 

In the experi ment that follows th e same mat er ials were used arnl 
in the same proport ions. Howev el', in this case ten beetles were plac ed 
in each pot and_ at th e end of a week the pots were exam ined an d 
the living and dead beetles in each counted. Thu s some indicati on 
of th e killin g power as well as the rep ellant _act ion was given. 
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Experiment XIII. - Repellent and Killing Effect of Various Manurial Agent s: 
on May B_eetles. 

No. 
o f 
po t 

)lunurin .l a.¢ent 

J.. A1llmonium s ulphat e .. ..... . .. . ..... . .. . . .. . .......... .. 
2 Po l.asslnm cb lo rid e ....... ... . .. . . ..... .. ............... . 
3 Pot Mslum sul p hat e .................... .. . .. ...... . ... . . . 
4 Blood ....... . .. . ......... .. ................. . .... .. ..... . 
5 Cyanamid ....... . . ..... .. ... . .. . ....... .. . ... .. ....... . 
6 Ume . .. .... ..... .. ......... ... .... . .... ..... .. .. ........ . 
7 (;h eck .... .. ... . .. .. .... .. .. .. ...... ........... .... -..... .. 
8 Bone mea l ........... . .. ...................... . 
9 . Pho s. ocld . ......... .. .... .. ...... ...... .. ..... . 

Beetle s founcl at e11<i 
Amount . of w eek 

used 
Dead .Alive· - _ / __ __ _ 

1 onn cc :m 2 
L .• 3 0 
1 6 0 
1 a u 
1 " u l 0 0 
J :) 12 
I 10 J 
l 10 1 

From the data given m the two pr ecedin g tables the followin !.l'. 
facts a1·e suggested : 

Ammonium sulpha te doe~ not act as a r ep ellent but shows good. 
killing powers. 

Chlorid e of_ potash acts as a good repellent. 
Potass ium sulpha te and acid phosphate do not rep el but !ta \'l '" 

some killing act ion . 
Cyana mid and lime are good r epellents, wher eas blood and bone 

meal ar e very attr activ e to the· beetles. 
Wheth er or not these qualit ies hold up und er field condition s, 

may be seen in th e data given under Exp erim ent XV. 
The following exp erim ent was condu cted in th e same manner as: 

Experiment XII , with the exception that differ ent chemicals wel'(:· 
appli ed to the soil in th e pots . 

Experiment XIV .-Repellent Effect of Various Chemicals to May Beetles . 

No. Num b er of bee tl es found iu t,he pols on 
of Chem i ca l added Amo u n t T otal used pot l s t duy 2d day 3rd d,i y 14th day 5tb dR)' 6tll da y 

·- -···· - - -- --
l Lim e 9 pts., s ulp h ur I 2 OUll CP.S 0 12 6 2 0 3 2:1 
2 Carbolic a ci d J4 ~-... 2 .. 0 11 8 19 I 0 ' 1 3U . 

I 3 Bolled lime sa lph nr 1 ounce 0 0 6 8 J 8 23 
2-2-50 

.J Se lf-b oiled li :nc sul- 1 .. 0 i 6 2 u 3 21 
pbur 2-2-50 .. 5 Ca ustic soda 1 lb. , .] 10 0 6 2 5 9 -_, 
s nlphur 3 lb s .. 
w ate r 50 ga ls. 

2 ounces s 6 Fil ter- p re ss cake, ..... 6 10 6 7 a9' 
7 Kero se n e emnls ion 2 .. 20 Jr, 6 i 4 6 

I 
5!} 

1-8 
8 Ch ec k ..... ........... ······ ······ 12 2 6 0 26 12 68 
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With the exception of the kerosene emul sion, th ere was apparently 
very little differen ce in th e repellent properti~s of those chemicals. 
None of them can be consider ed as first-class repelle nt s. An experi-
ment wit h the same ~hemicals to t est the,ir killing power s gave such 
confli cting r~sult s that it has not been included in this report. 1 

The following exp erim ent was carried out to .test th e value of 
some of the · fertilizers previou sly referred to, when . used under field 
couditions. Plot s of one hundr ed stools of cane wer e us ed tor each 
<litferent fertili zer, and at the end of th e season the effect on th•J 
yield .a1id qualit y of the cane. and th e numb er of white gr 'ubs was 
(let.ermin ed. 

Exp eri ment XV.-Man uri al Agents as Deterrents for White Grub. 

:--o. Amount Yiel <I in 
or Manurial ngent 11secl per ton s stoo l plot npplied per acre 

B muc.1 Pur. 
Averugc A,·ernge 

rlx Snc. 96:C s ugttr No. 
perncr . grnbs 
In tons per stool 

- -- ·---- -- - - - - --
I Ammonium Sulp lrn te Bounces .26.53 
2 Nitrate of Sodo . .. .... 4 ,. 37 .22 
a Cyo.namid ....... ..... 4 22 .5i 
4 M llrin,te of l'otus h .. .. 25.i4 
5 Pota ssi um Su lpilnte .. :?2, !)7 
6 A cid Phos ............ 29.30 
7 Lim e .1 lb. 25. 74 
8 Check·::: ::::::::::::: 26.93 
g Kainl t .......... .. .. .. 4 ounces 28 . 12 

10 Knlnit .. ... . . . ....... . 8 " 20. 30 

19.4 15.3 2 .50. 79.0 3.15 11 
19. 2 15 .8 2.38 82.3 4 ,45 6 
20, 1 15 .·l 2 .38 i6 .6 2.55 1 
18. 7 16.8 2.27 89.8 3. 44 8 
19. 7 16. 7 2.17 84.8 2 .98 10 
20 .4 li .4 1. 78 85.3 3.9i 10 
20.2 li .3 2.08 81.7 3. ~8 1-1 
19.fi 16. 1 2, 17 82.l 3 .27 ro 
21.0 18.4 1.92 87.6 4.08 7 
18.9 15.8 2.2 7 83.6 3. 70 5 

I 

From th e clnta pr esent ed in the pre ceding table it is seen that of 
the mat eria ls used cyanamid alone maintain ed it s repellent effect 
t lwoughout the season. Jts effect upou the yield, howev er , was . not 
good, and th e <'Ost of su ch a tr eatment, without obtain1ng a fertil iz-
ing compensation to partly offset thi s cost would make such a pra c-
tic e prohibiti ve. l<.,urth er exper iments with c:vanamid alon e have 
moreover given but poor results and hav e fa iled to confirm th e re-
sults previously obtained. 

'l'he nitrat e of soda had an excelle11t effect on t he yi eld and ap-
parently had some slight detel'r ent power. 

Bot h applications of kainit gav e an iuer ease in yield over the 
<·heek p_lot and exercised some det err ent eifc•d over the whit e gr11bs. 
:,.Jone of t he fe1·tilizers, howevel', can be considered as giving result s 
of nny very pradiea l v;ilu e in controlling th e white grubs . 

:\Ir. R. II. Van Zwa luw en burg , entomologi st of th e J<.,ederal Ex -
l><'riment Statio ll, has recentl y carried out a seri es of fonr exper i-
llt<'nts with eyauamid and \\'ith cyauamicl an d ac1d phosph at e, as 
.agents for killing wh ite grubs (Phyllophaga spp.) in cane land s. 
Ili s result s an• appended herewith : 
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Summary of Results. 

HACIENDA SAN'rA RITA , GUAN ICA QEN'l'RA LE. APPLIED M.\RCH 13, 1917 ; 
COUNTS MADE APIUL 3, 191 7 . 

Cyanamid lb . per stool ...... .. . .. ...... ... .. . 
.,, I " " , .... . .. .. • . .......... . . 

No. a.ppl!catlon (check ) .......... .. .. .. ... . .... . 

Nu mber of stools Avera ge grub s per s tool 

299 
91 

115 

HACIENDA P U LIDO , CEN'I'RAL ROCHELAISE , MAYAG tlE Z, P. I,., AP PLIED OCTO-
BER 8 'l'O SIX -MON 'rHS -PL ANT OANE ; COU N'l'S MADE NOVEMBER 23, 1917. 

Cyanamid 11nd acid p ho sphate 1 lb. per st ool .. . 
Cya.unmld and acid pllosphfile 2 lb s. per sto ol . . . 
No. application ( chec k ) ... ....... . ....... .. .... . 
- -- ·------------

Number of stool s ,\ ve rngegr ubs per stool 

50 
39 
59 

· 3 2 a:3 
5.l 

In this exper iment there was so much variation in soil conditions, 
a ledge of tosca coming out near th e surface over much of th e field, 
that not much reliance can be pla ced on the figures obtain ed . 

At Central Aguirre appli cati ons \\;ere mad e in the abs ence ol' 
sufficient grubs to obtain any l'eliabl e figures. In one field it was 
not ed that first- insta r grubs Wl-'re present in t reated stools, indi cating 
that t he eggs ar e not killed by app lications of one pound of cyanamid 
per stool. 

'l1he app lications made at Corsic ·a Central were not disturb ed. 
App lications of one pound of cyanamid and one pound of cya nam id 
and acid phosphat e caused no inj ury at all to young ratoon cane. 

Cyanamid alone and cya namid mixed ,,·ith an equa l weig ht of 
acid phosphat e ar e of no practic-?11 value against white grubs when 
applied in amounts up to two pounds to the stool , either wh en ap -
plied as a surfac e dressing or when worked into th e top four inch es 
of soil. 

Poison sprays. 

Num erous att clllpts have lwen made from tim e .to tim e to kil l 
t he beetl<'S hy sprn ying thrir food plants with arsenical poisom. 
Si nce the bertles have biting monthp arts, ar e hearty feeders and 
do not fly far, bnt confin e their feeding activit ies to th e immediate 
vicini ty of the cane fields, it seemed highly probable that such 
method s of control would meet wit h some success. Th e arsenica ls 
used in these expe rim ents were ar senate of lead and Paris green. 
Of the nnm erous expe rim ents condu cted the following fou·r ha ve 
bee11 select ed as lwi ng · indi cativt' of th e result s obtained. 
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Experiment XVI. 

Five hundred beetles were caught while feeding on th e foliag e 
of young cane. They were plac ed in a cage and fed for ten days 
,on a common weed, " bleda," (A rna.ranthiis sp1:>., a favorite food 
plant of the beetles), th e foliag e of which had been spray ed with 
.a solution of arse nate · of lead three pounds to fifty gallons of wat e,·. 
At th e end of this time th e cage was examin ed and four hundr ed 
.and sixty-eight of the beetles were found dead whi le the remain -
ing thirty-two were very sluggi sh. An ana lysis of the dead beet les 
revealed tra ces of arsenic. 

Experiment XVII . 

A patch of " bleda" in th e vicinit y of some cane fields was spra yed 
with a solution of arsenate of lead of th e same stre ngth as that used 
in the previous experiment. At night fh·e hundr ed and sixty-five 
beet les wcr<• caught Eeedi11g on this poisoned " bled'a" and were i m-
mediately placed in a cage and fed 011 fr esh, un spr ayed material. 
At the end of a week one hundred and -fifteen were found dead, and 
:1. week later two hundred mor e. Analy sis showed traces of a,·senie. 

Experiment XVIII . 

'l'his experiment was a repetition of Experim ent No. XV l, with 
t he difference tha t a solution of Par is green was used to poison the 
"b leda" in place of the arsenate of lead . The solution was mad<· 
up of one pound Paris gr een, one hundr ed and twenty-five gallon s 
of water , twelve and one-half pounds of flour and two and one-half 
ga llons of milk of lime. At the encl of ten clays an examination 1·c:-
vea led two hundr ed and nin eteen dead beetles, two hundr ed and 
eight y-one st ill being ali ve. 

Favorite food plants of the beetles in th e fields were sprayed 
with different st 1·engths of' arsenat e of lead and Paris green. Beet les 
,re 1·r eollcck d at night foPding on these spra yed plants and were 
ke pt i11 cagPs "·ithout food to wat<'h t he effcl't of the poison on them. 

Experiment XIX.-Experiment with Arsenate of Le ad a.nd Paris Green. 

:-.o. 01 f I e xper l· llo s 1 11lu11t used Poison use<I 
ment I I . __ 
bl c;,~.ne::·::: : : :::: :: I Arse.~ate ?.rl ~~d: oun_ces. igii !?" s 
a , Casnu.rt 11 n 1 •• • ••• • •• 11 

• • • 6 r, 

No. Beetle s 
S1rength ap plied bec~/~s n?t:~dlO 

lecte d d uys 

9 0 
16 2 
35 16 

.J I :: .. .. .. .. .. .. P~
0
ri s green . . . . . . 15 !.;rtnns. 5 

:-> • • • • • u, ·· r, 
1 i~~~~~~~1\:::::::: I ~: : : : : : · I ~g :: 

116 23 
6 0 

0 
96 2 --- -

: S rhr an kict JJM'l ur h·ensix. 
I 

1!011r 
of 

cnptur ~ 

9 p . m . 
9-10 
9-46 .. 
9-15 .. 

10-30 .. 
10-JO .. 
9-1:, .. 
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In this experi ment the death rate of the beetles was not gr eat er 
than would be normal with health y beetles kept without food. lt 
seems probab le in thi s case. that th e beetl es wc1·c c~pt ur ed befor .:! 
t hey had consum ed any consid erabl e quanti ty of the poisoned foliagt•. 

As a result of these experiments it would appear that the spra y-
i'nr,r of t he food plant s of thr beetl es ,rnuld undoubt edly cause t lw 
deat h of a portion of the beetles ; that the workin g of the poison 
js slow and that the beetles would probably craw l to t heir burrow s 
in the soil before dying ; and that ars enate of lead is ·mor e effect ive 
as a poison for the beetl es than Pari s green. Unfo rtun ate ly the 
practi ce of spraying lar ge fields of cane and the tt·ees in tlie vici11ity 
of th e fields is too expensiv e to be practical. 

MECHANICA L METHO DS. 

Use of dynamite aga inst the whi te grubs . 

To test the value of dyna mite as an agent with which to dcsfro:v 
the whit e gr ubs in infested land an experiment was carri ed out, in . 
which various charges of dynamit e were exp loded at diffel'ent depth s 
in the soil an d at distanc es of five feet apart. Pr evious to thr blast-
ing a caref ul estimate was made of th e numb er of grnhs prr sent 
in th e field. Thre e areas of eight squa re feet were srl erted in dif-
fe rent parts of th e field and a count made of all the grnb s fou ml 
within those areas . By thi s method it was estimated that th e1·r we 1'(' 
one hundr ed and nin ety-six thousand and twenty grub s per acl'e. 

Experiment XX.-Experiments with Dynamite Against the White Grub. 

No. 

I' 
Amount. Dist an ce liep tb of lli •m ete r of Soil left Exp . dyn,unlte Per ce ut 

No. o f b la st s used pe,· l)etwe eu cba.rg e ho le made u n to u ched grub s 
mad e ch arge ·char ges In soil by blast by bla st kill ed 

l --~~- ~----··· 
I r, J4 .,t!.ck ;; f(•et 8 Inches 2 feet s feet 52 
2 ,; J4 16 II , , 

52 
:1 ! •I J4 .. 8 2~" 2~" 72 

As may be seen from th e chart , hest results were obtaine d by 
nsing a charge of one-half stick of dyn amite. However . even that 
-amount explod ed at distan ces of five feet apa rt left one-hal f t lw 
sur face of the gr ound undi stur bed. and in the area th at was thrown 
np by the explosion only seventy-two per cent of tlw grubs \\·pre 
kill ed. Many of the grubs were thrown ont on the surfa ce of the 

.soil without injury . With char ges at five feet apart it would haYP 
Tcqui red one thousand seven hundr ed and forty-two charg es pr r acrr. 
which would have made. th e cost per ac1·e. rxc lnsive of fu ses. c·aps. 
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or labor, $239.46. Thi s, of cour se, mad e such a pra ct ice prohibi-
tive, even had it been successfu l in destr oyin g t he gruhs . 

Flooding as a method of controlling the white grub. 

In localit ies where the1;e is an abundant suppl y of wat er, it wns 
thought pos~ible that by flooding th e in fested fields for a cert ai~ 
t im_e th at th e whit e grub s migh t be destroye d. 'ro test thi s tJ1eory 
the following expe rim ents were mad e. 

Several lot s of whit e grub s were subm erged in a tank of water 
for varying lengt hs of ti me. 'l'hey were th en tak en out and examin ed. 

Experiment XXL-Effe ct of Floodin g on White Grubs. 

No. No. of hou rs kept Per cen t. Per cent 
of No. of grubs used uuder water of grubs ali ve aft er of grnh s dead af te r 

Exp . tr eatmen t treatm ent 

1 JOO 2 hour s M 4 
2 . JOO 4 100 0 s !;() 4 .. 100 0 
4 15 4 .. JOO 0 

--- -· -- ----
I 

In practically all cases the submer gence had no other effect than 
to make the grubs rather sluggis h and limp. They soon regain ed 
their normal act ive condi tion after being exposed to th e air. A fur -
ther experim ent was condu cted along thes e lines to det ermin e whether 
or not a longer submerg ence would hav e different result s. Several 
ditches were p lugged at each end and filled with wat e1·. A larg (' 
numb er of whit e grubs were th en pl aced in the dit ches and left fol' 
a period of two weeks. 'fhe water was then drawn off and the gru bs 
found to be still aliv e and active. It would seem from the resul ts 
of th ese experim ent s that flooding would he ns eless as a method of 
contro llin g th e whit e grubs. 

Use of light to attract beetles. 

Know in g t hat th e majority of in sects 111·e att racted to light, at -
t empts wer e nrnde to destroy th e beet les by takin g advantag e of thi s 
na tm·al plwnomenon. ,Arc light s ,rnd five hund red c-ancll(i pow<•r 
Pi t ner ga solin e la mps " ·ere used in th ese experim ents, and were run 
th rough th e beetle season fro m l\far ch to November. Th e lights were 
er ected over larg e ha.sins filled with molasses and water , so tha t th e 
beet les attra cted to th e light s would fall in and be drow ned. In 
tbe followin g experim ent two of th e lights were erected in the midst 
of c·ane fields heavily infe sted with the whit e gl'nb, whi le the third 
was prettecl 0 11 th e roof of a two-story bu ilding i II th e vicinity . 

• 
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Experiment XXII.-Use of Light A!fain ~t the Beetles . 

---- ~-- ~-~~-~- ~----------~-- ~ - -
No. IAn ,rni;e 

ofbeetlcs No. 
No. 
of Wher e located Kind of light 'fim e when run 

li g h t 

1 I n cane field ..... Ar t;,llgllt ......... Night ly fr om A,pril '.lO to May 31. 
I On roo f of bicig:.· 500 C. p .. Pitne~ Run for 23 1 even ings In Ju ly. 

near can e fie ld gos ollnc lamp Aug. , Oct. and Nove mb er 

1 On only 7 nii:;:hts w en' ?i.fny beetles takrn. 

I caugllt 
cn.ugllt pt1r ni ght 

250 
65 
2~ 

Ii 
I .a 
l 

Th e results of th ese t rial s clearly show that litt le success can be 
expected with light as a means of attra cting th e beetl es. Since thes e 
exp erim ents were conducted it has been found th at Phyllo phaga 
beetl es of t he Islan d are · ordinaril y attracted to light only dm ing 
their flight to t heir food plants in the early part of th e evening. 
'rl1e flight only lasts about an hour, and once they have st ar ted 
. feed ing the be~tles are no longer attracted by light . H ence it won lei 
be us eless to run the lights for mor e tha n an hour each night. 

Collection of the grubs and beetles. 

Th e most successful method of cont rollin g the wh ite grub th at 
ha s yet been found is that of collectin g th e grubs and beetles. The 
method is r ather expens ive but it is the only sur e way of keep ing 
th e pest from increasing. 

Some idea of th e expense may be obtai ned from th e following 
figur es supp lied by Gu{mica Centra l, where th is method is pra cticed. 
Durin g seven months in 1914, a total of 2,255,000 beet les and 1,662,000 
grub s were collected at a cost of $2,710.60. The following year 
2,468,000 beetl es and 2,425,000 grubs wer e collected at a cost of 
$3,443 .77. Mor e of the gru bs and beet les are being collected each 
year by this centra l in an end eavor to reduce th e numb ers of this 
pest, but un fortunat ely the method is not very generally pra cti <:ed 
by th e cane growers of the Island, and in fact the major ity of th e 
gtowers use no method of contro l whatsoe ver. 

Collections of th e gru bs should be made when the land is being 
plowed. Larg e num bers of t he grubs ar e turned up at this t ime and 
should be. collected by · boys and women following the plows. Where 
turk eys, chicke~s , and hogs are avail able they should be turn ed into 
th e fields at plowin g t ime, as they will find and devour th ose gmbs 
that the pi ckers fail to see. 

The beetles feed at nig ht on the foliage of the cane and the trees 
in th e vicinity of the cane fields. Th ey are ra th er sluggi sh in th eir 
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movements and may be readil y captur ed.. Boys and men can gu 
around at night with bags and lan terns an.cl collect t he beetl es in 
large numbers by shaking th em from t heir food plant s. 

'l' he beet les fly during t he month s of lVfarch to November , inclusive, 
hut th ey are rnore abund ant and hence more easily collected at certa in 
t imes durin g this period . Th ese per iods of abundan ce vary some-
.what with th e locali ty and it is necessary to watch condition s car e .. 
fn lly in order to tn kc adv antag e of the m. 

] NSEC' l' l' :\R :\ Sl 'l' r,;s .\ND l"( ,NGl "S DISK\SES 

J n view of t ht• fact t hat t he \\·bit e gm bs oJ' Porto Rico suffel' but 
litt l.e from the attacks of inse c.:t paeasites. nttem pts \\·ere, ma de to 
introdn c.:c some from other parts of the world . Report s on these 
efforts have been, made in other pub licat ions of this sta tion , so t hat 
no fur th el' ment ion will he made of this work hen •. 

Jn addition to th e introduction of ·insect parasites .att empts were 
made to util ize a disease of t he gmh s and lwet les known as the green 
muscardine f nngus, 11'fotan-hizin 111 anisopli<e. ·A repo r t on this work 
has been made by. l\lr . • fohn A Stcve11son, pat hologi st of th is Station, 
:and may be ·found in this num her of the J ounwl. 

CON Cl,LJ$ 10N. 

ln eorn.:iusio11 it 1Hay he state d that con tro l of tlw whit e grnb is 
still one of th e largest entomological pr oblems of t he lsla nd and 
that und oubtedly a vast amount of work st ill reH1ains to be carri ed 
out. The collect ing of the grubs · and beetles is at pr esent the only 
practic al method of holdin g them in check, and it is far from being 
entirely sati<;;factory. · 

Jt seems likely that th e most pl'Omisi11g road to succ.:ess in white-
g ru b control for Port o Rieo will hr in tb r intl' oducti on of p reclacions 
.and para sit.ic 1enemiPs. 


