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‘Experiments with Trichogramma minutum
Riley as a Control of the Sugarcane Borer
in Louisiana’®

By H. A. Jav~zs, entomoligist, and E. K. By~uy, associate entomologist, Division
of Cereal and Forage Insee! Imvestigetions, Bureau of Entomology ond Plant
Guarantine ?
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INTRODUCTION

Thesugarcane borer (Diglraea saccharalis (F.)) causes considerable
Linjurgtto sugarcane, corn, and rice in Louisiana, Texas, and Florida
“each year. Losses in sugarcane in Louisiana alone amount to from
goone million to scyeral million dollars annually. The egg parasite
o Trickdgramme minutum Riley is an important factor in control of
-2 this borer late in the season.  Very few or no borer eggs are parasitized
O by this wasp early in the season, but parasitization incresses as the
£y seasont advences, and by harvest time nearly all borer eggs have become
< parasitized. Varigus efforts have been made to increase the useful-
o ness of this parasife by increasing its numbers in the field early in the
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17The writers are indehted to W, I, Larrimer, in charge of the Division of Cerea) and Forage Insect Inves.
tigations in 1934, to P. N. Aonand, in charge of this Division from that yeer to September 1657, and to 5. W,
Ingram, in cherge of sugarcane and riee inseet mnvestigations in the Divisicn, for supmestions sad criticlsm
made during the course of these experiments and in the preparation of the menuscript. They herehy
fcknowledge Lhe cooperation of tho awners, managers, and oversonrs of the varfous plantatlons on which the

experiments were condueterl, and the assistance readered by W £, Haley, Leon J. Chrrpentier, Whilaey
Krepper, sod others in making epg collections and infestation counts and in obtaining yield data.
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A large number of publications deal with the different methods of
rearing Trichogramma minutum and with experiments in mass libera-
tions as & control for & great variety of insect pests. As there have
been so many conflicting reports on the success of mass liberations of
Trichogramme to control various inseets, and since it has been stated
that losses from the sugarcane borer in Louisiana could be greatly
reduced by mass liberations of this parasite, it was decided to conduct
a series of experiments in Louisiana to obtain further information on
the value of this practice. The results of these experiments? are
reported in this bulletin.

EARLY WORK WITH TRICHOGRAMMA

In 1921 Cleare (3),* in British Guiana, first began the breeding of
Trichogramma on a large scale for field liberations In sugarcane fields.
He stored borer-infested shoots (“dead hearts”) in an insectary and
reared Trichogramma adults from the eggs deposited by the moths
emerging from these shoots. As many as 35,000 Trickogramma per
day were liberated during & period of 3 months on one sugarcane estate,
This practice was regarded with muaeh favor at first, but Cleare (4)
later stated that more recent investigations by Myers had shown the
inadequacy of this method of control.

In 1926 Flanders (5) experimented with laboratory rearing of
Trichogremma on various host eggs and found the Angoumois grain
moth (Sitotroga cerealella (Oliv.)) to be well adapted to quantity
production of Trichogramma.

Hinds and Spencer (8, 9) were the first to apply Flanders' methods
of rearing Trichogramme on eggs of Sitofroga to the control of the
sugarcane borer by mass liberations of the parasite. They reported a
marked increase in parasitizetion in 1927, 1928, end 1929 in canefields
where Trichogramme had been released and reported borer control in
certain fields on one plantation in 1929,

After six seasons’ work in experimental control of the sugarcane
borer by Trichogramma lLiberations, Hinds, Osterberger, and Dugas
(6) reported as follows:

Trichogramma colonization fests as made in Gelds of corn and sugar cane in
Louisiana during the seasons of 1927 to 1932 have shown consistentiy beneficial
results in the rapid increase following in the rate and proportion of borer eggs
destroved. They have shown consistent, and regularly proportional, decreases
in horer damage as measured by the percentages of joints bored, the numher of
emergence holes found and the moth population produced per acre. They have
shown regularly & very substantial increase in the pumber of millable stalks
produced, amounting to ahout 6000 per acre. The corresponding increase in
the weight of miliable cane has amounted fo more than three tons per acre. With
this there has been found an average inerease of over 20 Ibs. of sugar per ton of
cane produced in protected areas. This does not mean complete control of the
borer and never will—but it appears to show one practicable, easily usable and
very dependable and profitable methed which may be used in decreasing borer
damage in Louisiana.

Tucker (16), in 1935, reporting on 6 vears’ work with Trickogramma
relesses in Barbados &s & control for Diatraca saccharalis, stated that

* * % Whilst an adequate statistical proof of increazed general and average-
parasitism may not have been obtained, there is a definite indication that the

11p 1833 the experiments were conducter] under the direction of T, &, Jaynes from the Houma Inboratory.
In 1634 i 1035 the Jeanerette and Tloums experfments were conducted 85 sepacate unlts, with Mr, Jaynes
responsible for the experiments at Jeancrette and E. K. Byoum for those af Hourns, During these 2 years
the experiments were under the direction of J. W. Inpram, in chargo of sugarcans and rice fnsect invastiga-
tiens, who was rospongibie for outliciap and coordinatine the work.

& Ttalic Ogures In parentheses refer to Literatura Clted, p, 42,




EXPERIMENTS FOR CONTROL OF SUGARCANE BORER 3

early mass releases of parasites each year achieve their purpose of inereasing this
mortality in a manner which resulis in & measurabte decrease in the number of
‘effective borers” which survived over the period of liberation and therefore of
the final damags to the crop.

Smyth (15), reporting on the technique in the mass production of
Trichogramma used to control the canc borer in Peru, says,

Significant is the fact that as a result of mass colonizations of Trichogramma

wasps reared by this teehnique, barer damage was so reduced that the purity and
sucrose of the cane (and hence the sugar content) showed a very considerabie
increase, in a large series of fields eelonized with parasites, over those registered
in other fields of the same plantation not so colonized.
_ Mass liberations of Trichogramma have been tried as a control for
insects other than the sugarcane borer. Peterson (12), in 1930, in
experimenting with Trichogramma as a control for the oriental fruit
moth (Grapholithe molesta (Busek)) reported

Preliminary field tests in a peach orchard indicate that small liberations of

from 300 to 1,000 adults per tree are not sufficient to produce parasitism among
eggs in adjacent trees.
Allen and Warren (1), working with the same insect, reported in
1932, at the end of 2 years of investigations, that the increased pro-
duction of fruit did not justify the added expense. The releases
were made at the rate of 55,000 parasites per acre during each of the
two seasons. Schread and Garman (14), also experimenting with
the release of Trichogramma as a control for the oriental fruit moth,
reported in 1933 as follows;

The average percentage parasitism in 1931 in three orchards where no Tri-
chogramma were liberated wa= 23; in those orehards where thex were liberated it
was A5 percent. * * * QOhservations and field counts indicated that high

Trichogramma parasitism was correlated with reduced infestation, but the reduc-
tion was not enough in sore cases to be ealled commetreial eontrol.

List and Davis (/1) conducted experiments'for 2 years with Tri-
chogrammma minutum as a control for the codling moth (Carpocapsa
pomor.-Ha (L.)) and in 1932 made the following statement regarding
the results of their experiments:

They indicate that during seasons of high natural parasitism little is secom-
plished by either mass liberations or by colonization of Trichegramma. During
seasons of low natural parasitism liberations ¢an be responsible for a pronounced
parasitism but in no case bas this been sufficient to show a marked control of the
codling moth as indicated by fruit examinations.

Schread (/3) carried on some cooperative experiments with A. W,
Morrill and the Associated Seced Growers of Milford to determine the
value of releasing Trichogramma for the control of the European
corn borer (Pyrauste nubilalis (Hbn.)) and reported, after parasite
release at the rate of 10,000, 20,000, and 30,000 per acre, that

Data accumulated throughout the season were not significant from the stand-
point of colonization. The average parasitism in the adjacent areas was slightly
higher than in the colonized areas, whereas during the second brood the results
were the reverse. Tn the check plots the average parasitism during the second
brood was approximately five times as great as found in the colonized areas.

Clausen (2) made the following statement in 1935 about the libera-
tion of Trichegramma as a control for insect pests:

In recent years efforts have been made to extend the usefulness of this parasite
by rearing the spe . in enormous numbers upon grain moth eggs and liberating
them in the infest.d fields and orchards early in the season. This has been tried
on & number of important pests of field crops and orchard trees, but the results
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thus {ar have not been conclusive. This work is still in the experimental stage,
and at present it is not recommended to growers as a field practice.

EXPERIMENTS CONDUCTED IN CONNECTION WITH THE
GENERAL PROBLEM

In investigating the value of releases of Trichogrammae minutum it
was found desirable to obtain all information that would be useful in
interpreting the data or that would shed additional light on the prob-
lem, The results of these related investigations are given first.

OVERWINTERING OF TRICHOCRAMMA

Very little is known about how or where Trichogramma minutum
passes the winter months in Louisiana. No Diatraca eggs are avail-
able from harvest time in the fall until the moths emerge from the
overwintered borer larvae in the smring, a period of from 3 to 5 months.
Parasitized eggs of Diatraea that have been collected in the fall and
kept under the temperatures prevailing at the time have always pro-
duced adult: of Trichogramma within a comparatively short period.
It seems unlikely that Trichegramme adults hibernate from the fall
to the spring, as there are days and periods of days during the winter
warm enough for adult activity. It seems reasonable to assume that
mating and egz deposition take place in the field during these warm
days, as is the case in the laboratory.

In an atfempt to determine what environments are most conducive
to Trichogramma survival over the winter, Sitotroga eggs were placed
in the ficld from the latter part of January through to the middle of
May 1933, to determine whether they would be parasitized. From
100 to 300 or morc eggs were pasted on a small piece of cardboard.
These cardboards were placed in a field in scts of 8, each card being
fastened to a small stake and protected from the direct sunlicht by a
shingle attached to the stake. They were put out every 2 weeks, and
were placed in 4 fields of cane, 1 alfalfa field, 2 cabbage fields, and 1
turnip field, 1 wooded swamp, and 2 corncribs. None of these eggs
ever showed signs of parasitization.

Searches were made during the winter for eggs of various insects,
but none of those found had been paratitized by Trichogramma, al-
though a live adult of Trichogramma was taken on & mustard leaf in a
small plot at the Houma laboratory on February 5, 1934,

During the third week in May 1934, 16 stakes were so placed that
1 was at the edge of a wood, then 1 every 100 feet along rows of corn
up to 1,000 feet, then 1 stake every 200 feet along a row of eane, mak-
ing the last stake 2,000 feet from the woods. Cardboards containing
bagworm eggs were placed on these stakes, but none were parasitized.

It was not known what species of eggs might be available in nature
as host maferiel for Trichogramma. during the winter and ecarly in the
spring. As it was very difficult to locate eggs in any number that
might be subject to parasitization, o few bait traps were used each
year during certain periods of the winter and early spring months to
ebtain a collection of the various moths that might be laying eges
that would possibly serve as hosts. A solution of corn sirup and
water (1 to 9 parts) with veast was used as a bait. On Mareh 20,
1933, 10 traps were placed 50 feet apart along a diteh in a caneficld
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at Houma. These traps were removed on April 30. During this
period only 185 moths were caught.

On February 22, 1934, 6 traps were placed around an old garden
patch that was somewhat overgrown with weeds and brush, near an
old oak tree at Jeanerette. Four other traps were placed between a
canefield and a pecan orchard at the same time. During the first 15
days 493 moths were caught. A new solution was placed in them on
March 15, but only 110 moths were taken during the next 15 days.
The traps near the old garden patch eaught many more moths than
those alongside the canefield. Xggs were obtained from 76 of the
moths, and adults of Trichogramma minutum were put with some of
these eggs. Eggs from 22 different individuals were parasitized.

Bait traps were again set out at Jeanerette on January 12, 1935.
Fivo of these traps were placed 100 feet apart along a ditch between
fwo cuts of stubble cane o Albania Plantation. The field was sur-
rounded by other canefields. The other five traps were placed in the
woods in back of Albania Plantation. The first trap was about 230
feet in from the edge of the woods and the others were at 100-foot
intervals.

Collections of moths were made for 5 days. The traps were refilled
and collections were made at two later periods. The results of the
collections are listed in table 1.

TaarLe l.—Bail-trap collection of moths (all species) at Jeeneretle, La., 1985

Maoths collected in—

Collection period
Canefleld | Woods

Numbir | Number

1wl 62

g L5
187 m
387 306

Out of the 673 moths collected in 1935, 129 females deposited eggs
in the laboratory. Eighty of these females were from the traps in the
canefield. By exposing these eggs to Trichogramma, parasitization
was obtained on eggs from 53 different individuals. kggs of 33 of
49 females collected in the woods were also parasitized.

Since the moths have not been identified, the number of species
collected, which species deposit eggs that are readily parasitized, and
which deposit eggs not readily parasitized, are not yet known. Cer-
tain species deposited a layer of hairs over the egg cluster, and these
eggs were seldom parasitized by Trichogramma.

It may be noterd that there was a considerable difference in the
number of moths collected during the three periods of exposure in 1935.
It is probable that this difference was due, at least in part, to variations
in temperature. The first killing frosts occurred on December 11 and
12, when the minimum temperatures were 26° and 21° F., respectively.
This temperature no doubt killed some of the adult moths present, but
it did not kill many of the larvae and pupae, as a fair number of moths
were collected from January 13 to 17, a month after the freeze. The
second cold spell came between January 22 and 25, when & minimum
temperature of 19° was reached. This low temperature probably
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killed & number of the moths present, and very few were collected from
January 27 to February 2. Moths either were few or else not active,
as the temperature during this period was lower than during either
of the two other collection periods. By the time of the third collee-
tion, however, February 12-16, mothks were very abundant.

Owing to the greater protection offered moths, it was thought that
more eggs might be available for parasitization in the woods during
the winter than in the morc exposed canefields. This may be the case,
as the moths may go to the woods to deposit their eggs, but the moths
were gpparently as abundant in the canefields as in the woods. These
collections indicate very clearly that & number of lepidopterous eg;
are being laid during the winter and early spring months that could
serve as host eggs for Trichogramma minulum.

DisPERSAL OF TRICHOGRAMMA MINUTUM

Experiments to determine the natural spread of Trichogramme in
canefields were carried on in 1833 and 1934, the first year at Houma
and the second at Jeanerette.

In 1933 2 groups of 56 stakes each were arranged with 8 at 235 feet
from the center and 16 each at 50, 73, and 100 feet from the center.
Cards of fresh Sitolroge eggs were placed eb o height of 1¥ feet on
gll the stakes, and additional cards of Sifotroga eggs were placed at a
height of 5% feet on 8 of the stakes in each group at the cardinal points
of the compass. Refcrence to cards on these 8 stakes will have the
additional netation in parentheses as to whether the high or low card
is referred fo. Trichogramma adults were released in the ceater of
1 group of stakes. The other group, which was 740 feet away {(center
to center) served as a check.

As before, the cards were protected from the sun by a small shingle.
Ten sets of cards were used during the period of 13 days on both the
release and the check group of stakes. Some 75,000 Trichogramma
adults were released at the center of 1 group of stakes on April 11,
just after the first set of cards had been placed on the stakes at 8 a. m.
There was a fairly strong wind from the NNW. The cards were
collected the sext morning and later showed parasitization to have
oceurred at 25 feet SE.; at 50 fect SE., SSE,, and NNW.; and at
75 feet SSE. There was no parasitization on the cards from the check
group. The second set of cards from the release group showed no
signs of parasitization, but in the check group, which was 740 feeb
directly east of the release group, parasitization oceurred at 25 feet
NW. and 100 feet SE. from the center of the check group of stakes.

On April 13, 80,000 more Trichogramma were relessed. Cards put
out just before this release and left for 48 hours showed parasitization
at the following points: 25 feet NW., W., SE., and NE.; 50 fect at
WNW,, N. (dow), E. (low), and NE. No parasitization appeared in
the check group. There was & rainfall of 0.45 inch between April 13
and 14. Cards for the next 48 hours showed parasitization at 25
feet N. and 50 feet B. {low). No parasitization developed in the check
group for this set or in any of the later sets. )

No further parasitization was obtained in the release group until
the last set, exposed from ¢ a. m., April 23, to 9 2. m., April 24, when
parasitization occurred at 50 feet E. (high), W. (high), and WSW.
The westher during this period was not favorable, but the experiment
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showed that the parasites spread at least 50 to 75 feet within a few
hours after release, apparently by drifting with the wind, which was
shifting.

In 1934 2 groups of 40 stakes were arranged with 8 each at 25, 50,
and 75 feet from the center and 16 at 100 feet from the center. Cards
were placed at & height of 134 feet on all stakes and additionsal ones, as
in 1933, were placed at a height of 5)¢ feet on 8 of them. Cards
containing fresh bagworm eggs were placed on these stakes, and were
protected from the sun by small shingles. Six sefs of cards were used
during the period of 8 days. The center of the check stakos was 1,200
feet west of the poing where the relesses were made,  Approximately
40,000 Zrickogramme adults were released on April 26, and another
40,000 were released on April 27 at the center of the test group.

No parasitization was obtained on any of the cards of the six sets
placed on the check stakes. No parasitization was obtained from the
first set in the release area, which was exposed from April 26 to 27.
In the second set parasitization was obtained on seven different cards,
as follows: At 25 fect SE.; at 50 feet SE., 8. (low), N. (high), and
N. (low); and at 100 fect E. (Jlow) and E. (high). On April 26 the
wind was first from the southesst, then later a fairly strong wind
blew from directly south. On April 27 a slight breeze was from the
southwest. On April 28 there was a fair breeze from the north. In
the third set parasitization was obtained at 25 feet SE., and at 50 feet
8. (high}, In the fourth sat parasitization occurred only at 25 feet S.,
and in the fifth set only at 50 feet S. (high). A large number of
Trichogramma were still on the center stake on May 1. Parasitiza-
tion was obtained in the sixth set on five cards, all at 50 feet, E. (high),
8E., 8. (high), 8. (low}, and N. {low).

On several of the cards all the eggs had been eaten by spid.rs, ants,
beetles, and other pests, although sll the stakes had a good band of a
sticky material around them just above the surface of the ground.
No rain fell during this period except for a slight sprinkle on May 2,
when the sixth se6 of cards was being put out.

It may be noted that parasitization was obtained as far as 100
feat from the release point within 48 hours after the Hrst relense of
Trichogramma. This agrees very closely with the results of the
previous year, when parasitization occurred at 25, 50, and 75 feet
within the first 24 hours after relense,

These experiments were conducted in April, rather than later in
the season, to minimize infericrence by parasites elready present in
the field. At the time parasites are being released for control pur-
poses the cane is higher, and dispersal may vary from that found at
these earlier dates.

Lexcta oF TIME PARASITIZED AND NONPARASITIZED [n¢c CLUSTERS OF
THE SucancanNE Borer Reyary ov Prants

To determine the relative length of time parasitized and non-
parasitized egg clusters remain on plants, and thereby the reliability of
counts including emerged or hatched cge clusters, 168 freshiy i’uid
borer egg clusters were located and marked on corn and cane at
Jeanerctte bebween July 12 and 19, 1934, The majority of these
were on corn.  These clusters were examined as often as possible until
August 14, when other work prevented further chservations. One
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hundred and sixty-four clusters, or part clusters, that were not
parasitized remained on the leaves an average of 23.4 days. Fifty-
seven clusters, or part clusters, that were parasitized remained on the
leaves an average of 21.4 days. It appears from thesc observations
that there is little difference between the length of adherence to leaves
of parasitized and nonparasitized egg clusters. If the observations
had not been interrupted, results at variance from these might have
becn obtained.

RErLaTioN or Actoarry Borep Joints To Joints SHowing BORER
Inyury EXTERNALLY

Investigators in this and in other countries have differed on the best
methods for determining borer injury to sugarcane. Some have used
only the percentage of stalks bared, and Tave nov made counts of
joints bored. Since the reliability of joint counts as a measure of
borer injury was unknown, investigations were conducted to deter-
mine their dependability.

During the 3 harvest seasons of 1933-35, 200 stalks per plot were
usually examined to determine the nuraber of bored stalks and bored
joints and thereby the relative damage in colonized, buffer, and check
plots. Of these 200 stalks examined, 50 stalks per plot were split and
examined for internal borer injury in each experiment except in those
in Jeanerette in 1935, In all, 6,235 stalks were split open and a record
was made of the total joints bored and of those that showed this
damage externally. Of the 6,235 stalks split, 5,567 were bored, and
the record of the joints bored externally and internally is shown in
table 2. It was thoughi that in some cases 2 borer might cnter a
stalk and bore through several joints and the stalk might show
externally only 1 or 2 bored joints, It will be seen from table 2 that of
all the stalks examined only 1 showed a count of 5 joints more bored
internally than showed externally. There were 2 statks showing 4
more beored internally than showed externally, and the usual limit
was not more than 3 and this in a very small proportion.

TasLE 2. —Number of joints of sugarcane classified wilh respect to both joinls bared
exlernally and joints bored internally by the sugarcane borer, Louisiana, 1935-35

wanther S1alks haviog indicated oumber of join!s bored interoally
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To ascertain the degree of association between externally and inter-
nally bored joints the coefficient of correlation was obtained and found
to be 0.97 with a probable error of 0.0059. This correlation was
besed on the total of all stalks examined, no consideration being given
to variation due to vartety and to year of crop.

With the knowledge of this high degree of correlation, considerable
time can be saved in making infestation counts by substituting
external for internal examinations and it becomes unnecessary to
destroy a large number of stalks just before harvesting.

The data obtained by splitting the stalks have been arranged in
table 3 to indicate the number of joints showing boring externally, the
total number of joints bored internally, the nember of stalks bored,
the number of joints bored internally per stalk, and the ratio of the
number of joints bored internally to the number of joints showing
boring externally.

TanLe 3.—Ratio of joinis of sugarcane showing exlernally and iniernally the boring
of the =ugarcane borer, Louisiona, 1338-35

Ratio of the
cumber of
Total Joints Joints ored (]oInts bered
Joints showiog boriog externally {number)} bored in- intsrnally | internally to
ternally pet stalk t?e oumber of

riEE

R D DT
=

S8
=%
5

BERNEE

E

RevaTion oF Rate oF ParasitizatioN o Host DENsITY

In the early parts of the three seasons the perasitization renged
from 0 to 100 percent, while toward the latter part of the season it was
always fairly high.

The eggs collected from July 18 to September 28, 1933, have been
grouped n table 4 according to the number of eggs found per uni$
hour of search. In comparing the percentage of parasitization with
the average number of eggs found per hour it will be noted that para-
sitization rises very rapidly until some 400 eggs per hour are found.
After that there is a slight rise until when from 800 to 2,800 eggs are
found per hour there 15 very little difference in the percentage of
parasitization.

To ascertain whether there was a possible correlation between
the percentage of parasitization and the host density, a correlation
table was made in which all eggs collected on an hourly basis, between
July 2 and September 28, in the 3 years were plotted. The class
groups for the eggs were 1-50, 51-100, ete., up te 4,701-4,750 and

245090—41——2
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included 522 separate hourly collections. The class groups for the
percentage of paresitization were 0.0-5.0, 6-10, 11-15, etc, The
coefficient of correlation was found to be 0.59 with s probable error of
+0.019. This shows that there is » decided correlation beiween
percentage of parasitization and host density.

Tanpre 4. —Reale of parasiiization of sugarcane borer egps by Trichagramma minuium
as relafed to the number found per unit hour of search in Louisiana, 1938

Totud AVersgs Average
Eggs found per hour July 18 1o Sept. 28 h Taotal epgs ot

our Totsl eggs A perasitiza. | for eggs per

(rumber} nmits parasitized | 0, unlt kour

Number | Number | Number Fareent Number
581 18 3.1 5.5
19 1,381 3 0.3 2.7
14 1,873 a5 3.2 133.8
] 1,518 1,081 L2 1087
22 €, 352 4, 283 87.5 83,7
i2 8,050 5, 181 85.8 BOA. 2
15 0, 283 8, &g .0 £34.2
] 5, 240 4, 806 1.7 RT3
1,001 200 2 2,140 2,085 96.5 1,078.5
1201 to L 00 L eiieiaoan 4 5, 138 4, 551 88,8 1,284.3
T4BE to 1,00, oo 4 & 802 5,351 9.5 14730
1,661 to 1,800 1 1,795 1,612 #1.5 1,795.0
1881 to 2000._ 1 1, 0 1. 667 8.8 1, 0R0. &
2001 to 2,200, a 8, 3% 6, 342 958 2 107.6
2,201 to 2,400, 1 2,280 2,061 9.2 2, 260.0
L 1 L4 I [, ) . ES
2601 to 200, e 1 2,760 2,852 5.8 2, T60.0

In collecting borer egg clusters in 1934 and 1835 each unit of col-
lecting was drvided into 10-minute periods, and a record was kept
both of the number of clusters apd the percentage of parasitization
of the egps in the various 10-minute collecting periods. To determine
the reliability of the egg collections made in connection with the
Trichogramma experiments, & statistical snalysis was made of the
1934 data from the Houmsa ares with the assistancze of George Arce-
neaux, agronomist of the Burean of Plant Industry. This study
showed that date on parasitism obtained by egg eollections prior to
August were of doubtful reliability, and that only the data obteined
during August and September were dependable. During the spring
and es.ly summer months the primary purgose in making egg col-
lections was to determine the prevalence of borer eggs so as to time
parasg{ae relesses properly. Data on egg collections in 1934 are given
m table 5.

TanLe 5—Average numbers of egg clusters of the sugarcane borer collecled per
10-minule period at different dates during 1884 al Houma, La.

Average for
Egg clus- -
K-minute clusters per
Oullection dates 14T
periods Hmlecte
vollected period
Number Number Number
-R{Dr- 11%1‘32?5 .......................................................... 10’; 4'2 ﬂ-g
& .- .- T .
.‘l’ma".::r 1-15. 151 81 .53
Jume 130, . 85 i.7
Joiy I-15 . o0 244 27
July 16-31. - - 108 Pie] 27
ABE. 131 e tb———— e 188 ] L5
oL T o O N 180 2,310 12.8
Tantel and aversge . 30 3,880 L1
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EXPERIMENTS WITH TRICHOGRAMMA MINUTUM IN THE
CONTROL OF THE SUGARCANE BORER

During the seasons of 1933, 1934, and 1935 experirents were con-
ducted by the authors in Louistana to determine the efficacy of mass
releases of the egg parasite Trickogramma minutum for the control of
the sugarcane borer in sugercene. A preliminery report (10} covering
results of these experiments has already been published.

Nine experiments were carried on in cooperation with the Louisianz
Agricultural Experiment Station in 1934 and 1935. In 1934 two of
these were located on Raceland Plantation, Raccland, Le., and in 1935
four were conducted on Reserve Plantation, Reserve, La., and three
on Shadyside Plantation at Centerville, La. Parasite releases were
made jointly in these experiments, the parasites being supplied by
either the State or Bureau representatives or in some cases by both.
The Buresu representatives made egg collections, infestation counts,
and small-miil analyses of the cane separate from those made by the
State. The harvest records and factory analyses of these experiments
were usually obtained jointly. A Bureau representative was present
during the harvesting for all experimenis. These cooperative experi-
ments are designated in &ll the tables by the letter ¢ preceding the
experiment number.

SeLECTION OoF EXPERIMENTAL FIELDS

In 1933, Trickogramma adulis were released on 17 plots of sugarcane,
and 15 comperable plots were used as checks, with 10 intervening
plots serving as buffers. These plots ranged in size from 2.73 to 26.00
acres.  In selecting the plots care was taken to sec that the stand and
soil of the colonized piot and corresponding check were 8s nesrly
similar as possible. Practically sll the experiments were conducted
with varieties of sugarcane most subject to heavy borer injury and
were located in the vicinity of Houme, Frenklin, or Plaquemine
where the injury was usually sbove the average.

Ten experiinents were carried on in the Jeanerette area and 10 in
the Houma ares in 1934, and in 1935 11 experiments were completed
in the Houmsa area and 9 in the Jeanerette ares. Each experiment
covered an ares on which parasites were colonized, and an untreated
check area of approximately the same size, with an intervening area,
usually larger, called the buffer. Smaller plots were used than in
1933. In 1934 the colonized areas ranged from 2.53 to 7.84 acres,
the buffer areas from 3.14 to 9.57 acres, and the check areas from
2.34 to 7.18 acres. In 1935 the colonized areas ranged from 1.09 to
6.87 acres, the buffer areas from 2.31 to 8.64 acres, and the check
arens from 1.00 to 4.97 acres.

Still greater care was taken during these years in selecting the
areas, as all experimental plots were checked for uniformity of soil
type by A. M. O'Neal, associate soil fechnologist of the Bureau of
Plant Industry, snd were approved by him as comparable for experi-
mental purposes. All experimental areas were also checked with
plantation managers, scientific advisors for the plantations, and over-
seers for similanty of past treatments and equality of pest yields.
In 1935, as a further check on the similarity of the colonized, buffer,
and check plots of each experiment, measurements of gaps in the
rows were made. All gaps of over 18 inches were recorded. Usuelly
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100 feet of row in 20 scattered locations in each of the colonized,
buffer, and check plots, or 6,000 feet for eacn experiment, was exarmn-
ined and measureg for gaps. The gaps were recorded in groups of
6 inches above the 18-inch gap. 'Those gaps measuring batween 18
and 24 inches would fall in group 1, with an average of 1.75 feet;
those between 24 and 30 inches in %roup 2, with an average of 2.25
feet; and so on. From the total of the gap messurements and the
total number of feet ex-
NORTH amined, the percentage
of gaps was obtained.
Gap ﬁounts Evell('ia msltlde
£0.281, FIRST- 1 |4 g1, FIRST-STUBBLE CANE in all canehields that
STUBBLE CANE SOYBEANS ware being considered
for use in the Tricho-

grommae experiments,
Nearly twice asmany
fields as would be used
|.527 ACRES for the experiments
were tentatively select-
L b 1785 ACRES ed ocarly each season.
During subsequent
€0.281, FIRST- examinations some
STUBBLE GANE 1.974 AGRES felds had to be elimi-
nated beeause of an
BG4 ACRES uneven siand, others
because of exceptional-
soveeans ly light infestations of
2.395 ACRES bOl‘BI‘S, and others
because gap measure-
; nlllents igdicated that
the stand was not uni-
2391 ACRES form. The study of &
large number of ficlds
2.366 ACRES and the checking of the
progress of cane growth
and borer infestation
c0.281, FIRST-STUBBLE Cane [soveeans fTom the first of the
’ season to the time
when they were ready
T1iooRE 1.—Typical lay-out of & Trichogramma ex- for parasites gave a
periment in a field of Co. 281, first-stubble cane, hetfer opportunity to
as conducted during 1934 and 1935 at New Hope gplect fields that were
Plantation, Lafourche Parish, La.: 26P represents compamble for use in

the two cuts on whieh the parasites were released p
in exporiment 26; 268, the corresponding buffer the experiments than

area; 26C, the cheek. eould be had by wait-

ing until moths of the

second gencration were laying eges and selecting the plots then or

even later. TFields were selected where the borers were usually most
TIUMerous.

The immediate enviconments of the fields used were aleo considered,
care being taken to sce that where possible the colonized and check
areas were bordered by a similar kind of erop. A diagram showing
the plan of an experiment is given in figure 1. This is {ypical of the
experimental fields used in 1934 and 1935. In some cases, however,

ROAD

L)

ROAD
I
L]

4_.......'3_____.‘..4__4.-__ a——-

Ly
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the colonized plot or the check plot copsisted of only one cut instead
of two. The buffer ranged from two to five cuts, depending ¢n the
size of the field available.

RELEASE oF PARASITES

A close check was kept on the egg deposition in cane and in the
eatliest corn to ascertain when parasites should be released. When
dead hearts of cane and stalks of corn were split, especially those that
were stunted, pupal skins found gave an indication of the number of
moth. that had emerged and were depositing eggs for the second
generation. The parasites were released when three or more clusters
of ur}11hatched second-generation eggs could be found in an hour's
seprch.

In some ficlds three or more batches of unhatched eggs, laid by
moths from overwintering borers, could be found in an hour during
April, but there was a period in May or early in Jure when there were
very few eggs in the field. It had been recommended that parasites
should not be released until borer eggs from the second generation
began to appear, after which there would be a continuous supply of
eggs throughout the remainder of the season.

It has else been stated that one release at the rate of about 5,000
per acre may be sufficient for the season if rightly timed, but that
colonizations made after August 1 should be at the rate of 79,000
per acre. (7). :

In 1933 parasites were released at the rate of approximately 13,000
per acre in cane and, in addition, 2t the rate of 9,000 per acre in corn
when this was adjacent to the colonized eanc plot. The first relenses
were made between June 10 and 17 in all fields except one. Tt had
been planned to make 2 additionz! similar releases 10 days to 2 weeks
zater, but this was not done as there was a decided decrease in the
number of borer eggs during the last of June and the first of July, due,
no doubs, to the occurrence of & long dry spell over most of the cane
section. Borer eggs began to increase in numbers again late in Julv
and in the first part of August, and further releases were made in all
fields in August, and some were made as late as September, but only
because parasites were available. Approximately 2,404,000 parasites
were Teleased in 173 acres of cane, and 722,000 in 80 acres of corn.
Two experiments were catrried on in com to observe the increase in
percentnge of parasitization and possible difference in yield, Other
cornfields in which parasites were released bordered some of the
colonized plots of cane. In table 6 are shown the dates and approxi-
mate rates of the relenses made in 1933.

In 1934 the first release of parasites in the Houma area was made
on Junc 14 and the last of the 10 experiments received parasites on
June 25. On June 16 a hurricane swept throuch the Jeanerette
region and whipped and tore most of the corn and eane leaves into
long, thin shreds, desiroying practically all the borer eggs present,
as only fresh eggs, laid after the storm. ecould afterward be found.,
Since this reduced the available supply of host eges, parasite releases
there were considerably delayed, and in only 2 plots were porasites
released in June—these on June 20 and 23. Only the edge of the
storm reached Houma, and the borer eggs in thet loeality were not
destroyed,
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TasLe 6.—Releases of Trichogramma minulum in yugareans and corn in
Lotiiginne, 1938

IN BUGARCANR

Paraaltes released on doies speclied

Bize o Total | Released
Plot No.
[+ y Jaly 48] AUE Aug. Avg. | g released | per sere
i 7aly 10 | i4-1p | e |Beot4d

Number Number

ElepnERoR

CROoOQoo

Fecan tree..
Tatal

=

During July and August additional parasites were released in the 10
plots near Houma. More parasites were released in the middle and
last part of July in the 2 plots at Jeanerette that received parasites in
June, and parasites were released the last of July and the first of
August in the remaining 8 plots. Approximately 15,500 Tricho-
gramma were released per acre in the Jeanerette area and 18,500 per
acre in the Houms area. It may be noted that the numbers of
parasites released were considerably larger than the 5,000 per acre in
June, or 10,000 per acre if the release 1s delayed until later, usually
recommended by commercial and State agencies. Approximately
1,390,000 parasites were released in 82 acres of cane and a few addi-
tional thousand in corn adjoining some of the cane plots. In table 7
are given the approximate numbers of Trichogramma released per
acre in 1934,

In some of the tables and in many places in the text the letters P,
B, and C have been used to designate, respectively, with the experi-
ment numbers, the colonized (parasitized), buffer, and check plots.
As previously stated, a prefixed letter ¢ denotes a cooperative ex-
periment.
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TapLE 7.—Releases of Trichogramma minulum in sugarcane in Louisiana
JEANERETTE RELEASES, 1034

Parasites relensed on dates specified

Plot No.

Tuna Taly .
13-41 Aug. 2-5| Aug. 69

Number

PRBEPE LN
ARRERRRERE

Total. ... eeimeciaeceaass

-
S
—
o

210, 000

HOUMA RELEASES, 1834

Paras{tes released on dates specified

Plar Mo,

Aue.
16-18

June July
B33

Aup. 1

! Number | Number

13,332 | 10250 |
SRR B ]

¥, 202 1 135025 | TS, 417

IRANERETTE RELEASES, 1935

Parssites releazed oz dates specified

Plot No. ; 1l -
une wy -
e shedg | Aug. T | Aug. 13

Number | Number | Number | Number
44,325 11, 350
11, 250

Toanens

A
&5

ERE

-7
L3 T
F e

[EYEISTEREINRY
ndsy

5025 | 15,308
Total. .o eemceeeeeeans 2| eleod| 7120 @L012) 39,37 0 40,000 | 1a9m
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TaABLE T.—Releasss of Trichogramma minulum in sugarcane in Louisiana—Con.

HEOUMA RELEASES, 1335

Parmasites relersed on dates sperifed

Plot No.

Fune 14 Aug.s | B

Number

o
BESNBEN

32y

NI R G

b
=

| g
o | &

$49,825

In 1935, parasites were released at rates of from 10,000 to 45,000 per
acre. In the Jeanerette ares an average of approximately 14,000
Trichogramma were released per acre, but in the Houms area the aver-
age number per acre wes about 31,000. The dates and approximate
rates of releases made in 1935 are also shown in table 7.

Herbert Spencer, of the Division of Fruit Insect Investigations of the
Bureau of Entomology and Plant Quarantine, kindly supplied from
Albany, Ga., all the Prichogramma used in these experiments excepting
those supplied by the Lousiana Agricultural Experiment Station for
release in cooperative experiments. These parasites were all of the
dark, Louisiana strain, being progeny of adults obtained from eggs of
Diatraea saccharalis collected in Louisiana.

Paresites were requested as needed, and disks of cardboard eontain-
ing approximately 30,000 Sifotroga eggs that had been exposed to
perasites were sent, usually just after the eggs had turned b?ack. A
count was made on each card at 2 or more points to obtain the pereent-
age of parasitization. The cards were cut in halves, quarters, or
thirds as desired and were placed in petri dishes for emergence. The
day after the parasites begen to emerge o sufficiently large number
ususally hed emereed and mated to justify their release. The dishes of
parasites were protected from the sun and heat while being transported
to fields for release. It was sometimes necessaryto use ice in keeping
them eool. In the latter case the Trickogramma adults became active
a few minutes after the container was placed in the open sir,

QCare was taken to get as even & distribution of the parasites in the
field as possible. The method vused was to open a dish slightly and
aliow the parasites to eseape while the operator was walking between
rows of cane, From one to three complete rounds were made in each
colonized plot in releasing the parasites. The cards containing the
parasitized eggs were often retained for another day or two in the
dishes after the initial release te allow any parasites that had not
emerged to emerge and mate before being released. If, however, prac-
tically all the parasites had emerged. the cards were torn into small
pieces and placed on various cane stalks.
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RATE OF PARASITIZATION

Examinations for borer egg clusters were begun in April each year.
Additiongal examinations wera made at intervals of 2 or 3 weeks there-
after until the middle or end of September. A record was kept of all
egg clusters collected. In 1933 the percentage of parasitization was
based only on eggs from which neither borers had hatched nor para-
sites had emerged. In 1934 and 1935 the percentage of parasitization
was obtained on eggs from which borers had hatched or parasites had
emerged &s well as on eggs from which neither berers had hatched
nor parasites had emerged. The parasitization was usually higher in
the unhatched clusters. However, the rate of parasitization between
colonized, buffer, and check plots ran in approximately the same
proportion for both groups. This can be seen in tables @ and 10.

TaBLE 8.—Duata on the parasilizgtion of eggs of the sugarcane borer by Trichogramme
minutum, Louisiana, 1533,

EXPERIMENTS IN SUGARCANE

Colonized areas Bufler areas ! Check areas

Date examined . i
Total Parasit- | Total Parasit- ! Tota} Parasit-
eges ization erEs ization 1 egas ization

Apr. 72 L. ..
My 150 __
May 13-Jume 1.
Jang 51§

June 26-July §
July 1013

July 1828 ___ ...
Fuly 31-Aug. 17
Avg. 18-Sept. 8
Sept. 12-25

Zept, 2528

t i
Percént - Number | Pereenl | Number | Prereeat
AL 3l 0.9 135 .

W, @

[T e e e )
-

WNEmat,

R T R - TE PPy )

BEBN-,
gmcﬂa

June 5-18_.
Jupe 28-Tuly 5

! Not all ef the buffer ar2as were examined when colonized sod check arens were examined,

Usually 1 man-hour of search was made for borer egg clusters in
each of the colonized, buffer, and check plots, with the exception that
early in the season when eggs were scarce and while a large number of
plots were under consideration sometimes only 30 minutes was spent
in each plot. At the time of collection the egg clusters were divided
into four groups as follows: (1} Parasitized elusters from which no
insects had emerged, (2) parasitized clusters from which emergence
had begun, (3) unparasitized clusters in which no eggs had hatched,
and (4) unparasitized clusters in which some or all of the eggs had
hatched. The eggshells of the completely hatched or emerged
clusters were counted at the time of collection or later. The para-
sitized eggs of the unemerged clusters were eounted Imnediately or
placed in en ice box until counted. The unhatched and apparently
nonparasitized eggs were held for at least 4 days, then examined or

245300—41——3
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placed in the ice box to be counted later. This allowed any eggs that
might, be parasitized to turn black and thus hecome evident before
counting. Separating the clusters from which no emergence of either
parasite or borer larva had taken place at the time of collection pre-
vented classifying them wrongly later, as a number of these clusters
would begin fo produce parasites or borers before the final count
could be made and the empty shells might be misclassified.

Tasre 9.—Data on 10 experimenis in releases of Trichogramma minulum against
the eqgs of the sugarcane borer at Jeaneretie and 10 at Houma, La., 1934

AT JEANERETTE, La,

Unbhatched antd unemerged | Hafcbed, unhatehed, pmerged,
GRES and unemerged eggs
Trates of examinations and plot treatments P - 7 .
Pars- NpATH- _ Ara- npEra- }
dtized | sitizod | PR | givizea | Sitized | GESTE
L4221 £ggs 43 344
Fune 18-23: Numher | Number | Pereent | Number | Number | Percent
Colomized_ oo 0 474 QG i 73R L &
Buffer_.. 0 s 0 [ 151 .3
L A, 0 S o ¢ 718 ]
July 21-Aur. 6:
Colonized e 368 1,900 16.9 450 4, 467 9.1
Buffer. _._.. kji 1,442 17.7 418 3, 588 104
Cheek. oo micrnccacraans 626 1,122 368 785 3,178 20,1
Ane, 1517
Coloni 7,073 1,253 83,0 0,740 4, 250 9.6
7,059 1, 13% 8.2 19,353 4, 130 7L 5
7,362 1,004 8.4 0, 163 4,350 en1]
Sept. 12-14:
Colonized. . aaliia- 7, 560 1,286 85.4 16, 268 2,887 84.5
Baf 7, 003 1, 334 84.0 15,159 2807 84.4
6,873 1,409 2.0 158510 32, 556 B8, 1
AT HOUMA, LA
June 15-23:
Colorized. oo e el 6 439 .3 f 1,1 0.5
e e 0 154 .0 [+ 426 Ry
I8 460 3.8 18 718 2.4
185 300 32.8 287 148 1.3
81 TS 2.8 85 1,868 1.9
Check. 118 326 26.7 130 2, 187 5.4
Aug. 10-16-
Colanired_ . mmamaen 2, 689 741 78.4 3, 906 2,034 5.7
Buffer....... 3,15 aa7 18.8 4,325 A, 381 551
Check , . 1,763 601 7.8 L1 2,728 5.6
Sept. 11-17:
Colomized 742 387 95.1 16, 875 i 85.0
Buffer.. ... 8,55 185 g91.9 16, 8904 1,499 864
Cheek_.... 8, 51 175 #8.0 18,178 2,23 58.2

The progress of parasitization in the borer egg clusters found
throughout the three seasons is shown in table § for 1933, in table 9
for 1934, and in table 10 for 1935. It may be seen that in 1933 the
rates of parasitization in the colonized and check E;lot‘.s of sugarcane
were closely similar from the middle of July until the end of Sep-
tember. In 1934, at Jeanerette, during the last of July the parasiti-
zation in the checks averaged 20.1 percent while that in the plets to
be used, or which had already been used, for colonization averaged
9.1 percent., At Houma the colonized plots showed 11.8 percent
parasitization to the 6.4 percent in the checks for collections made
from July 20 to 26. In the September counts there was less than &
2-percent differense between the colonized, buffer, and check plots,
at both Jeanerette and Houma. At this time little difference in the
percentage of parasitization was expected, as the uncolonized plots
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had had = chanece to catch up with the colonized plots. In the collee-
tions made during the middle of August, however, a muech higher
percentage of parasitization should have been evident in the colenized
plots theu in the check plots if any benefit were derived from the
relesses, In the Houms oxperiments the colonized plols average 57.7
percent parasitizgiion compared with 53.6 percent in the checks, or
only 4 percent more, and they already had a lead of 5 percent over the
checks in July. In the Jeanerette experitments in August the check,
the colonized, and the buffer plots had practically the same percentage
of parssitization. Although they were even in August, the eolonized
plots had actually gained more in parasitization since the end of July,
as the checks at that fime had exceeded the colonized plots in the rate
of parasitization by 11 percent.

TasLe 10.—Dala or. § experiments in releases of Trichogramma minutum against
the eggs of the sugarcane borer al Jeanerelle, La., and 11 ai Howma, La., 1533

AT JEANERETTE, LA,

TUnbatched apd uremerged
egRs

Hatched, unhatched, emerged,
and unemerged eggs

Detes of expminations and plot treatments

Para-
sitized
eRgs

Unpars- i
sitized
eggs

? Pars-
isittantion

Para-
sitlzed
eEES

Unpars-
sitized
egES

FPara-
sitization

Jupe 511t

Number

Percent

. i
1 Number | Number | Pereent
[ 137 0,

Colpatzed. . aceaen. .. 158
245

i72

1, 738
Bi6
678

LI
63
£34

1,454
1,382

7

3, 455
1,433
1,653

1,366
i, 417
1,253

o

1z 150 T
G juil

524
256
it

-

x5

B

24

2

Check 73
July 26-Aug. 12:

Celonized k 663
665

-

BEE B

-

WM A O Owa

H9
38

v )
BEB .
- by LA e e L [ ] IO [=T N =]

gBF eBR

£06
: ; 824 .
.__--___----i B3G &

B
-1k

s3g B8
B e InED

AT HOUMA, LA,

i3] 487
2§ | 81
e /|
156 |
g
19’

LB aho
Do Cleies

June 17-217°
%olonize(i._.

Chaek | |
July et
Colonized. |

L =B

SO SO

B
13 ke £
LR Rt

Aug. 16-53: )
Colonized

BUY so3

g'—éﬂ-
P
i
Ly
Bl
[ RN N E Y ¥

Sept, 524
Colonized
Buffer......

REE BEY o
-1 gm

138310
o
g3

ud ) =] [ A}

g

3
5
[ ~R-cCN]
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In comparing the parasitization in borer egg clusters coliected
during 1935, in both the Jeaneretie and Houma areas, it may be seen
that the rates of parssitization between the colonized, buffer, and
check plois were closely similar tlroughous the semson, especially
after the first of July. Similarly, in comparing the progress of para-
sitization of the borer egg clusters found throughout the three seasons,
very little difference was noticed between the colonized, buffer, and
check plots (figs. 2 end 3).

00 T T ! T T
95

S0
a5
80—
51—
TOR
85
SO
55
50—
45
40—

A5 COLONIZED
3ol ~— ~~BUFFER

PERACENTAGE OF PARASITIZATION

25

20 |
15 -

10 =

Sk-. - !
e ] 1 i

JURE JUNE 2£- JULY JULY 31- AUG, 18- SEPT. SEPT,
516 JULY & 18-2% AUG, 17 SEPT B i2-25 26-2

1933

Figues 2—Average percentages of parasitization in the colonized, buffer, and
check plots In sugarcane in experiments on the centrol of the sugarcane borer
by Trickogramma minutum, Louisiana, 1933

During 1933, 77,972 eggs were examined to obtain the percentage
of parpsitization. These did not include the parasitized eggs from
which the parasites had emerged or the hatched nonparasitized eggs.
In 1934, 221,119 eggs were examined, including both emerged and
unemerged parasifized eggs and the hatehed and unhatched non-
parasitized eggs. In 1935, 94,766 cggs were examined for parasitism,
including emerged and uncmerged borer eggs. Fower eggs were
examined in 1935 than in 1934, more because examinations were made
at greater intervals than because of any reduction in the borer infesta-
tton. Date on the collection and examination of borer eggs are given
in detail in table 11 for cxperiments ¢2 in 1934 and c20 in 1985
This teble shows the progress of parasitization in representative plots
in the cooperative experiments. '
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Figure 3. —Average percenfage of parasitization in the colonized, buffer, and
check plots in sugarcane in experiments on the control of the sugsarcane borer
by Trichogramma minulum in experiments at: A, Jeanerette, La., in 1934;
B, Houma, La., in 1934; (', Jeanerette in 1935; D, Houma in 1935,
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TABLE 11.—Progress of

13, U. 5 DEPI. OF AGRICULTURE

arasilizalion in represeniutive plots of the cooperalive

- experiments in mass releases of Trickogramima minufum for the conirol of the
sugarcane berer in Loutsiana, 1934 and 1985

HOUMA EXPERIMENT c2, 1931

Cundition of eggs in—
Time .
Colonized plot Bufler piut Check plot
Dulgaf | SPent P
examina. | 38, 1
tian P 1 Hatched, Hatebed, Hatehed,
I.im; Unhatehed : unhatched. | Unohatched | unhatched, | Unhatched | unhaiched,
anmd b emerped. aml emerged, . and t  emerged,
uaetilergel and unemerged and unernecged R
! unemerged unetnerged unemerged
Min- | Nume! Pere | Num-} Per- |Nam.| Per- | Num- Per- | Num-| Pere | Num-| Per-
ufex ber gent b ber | eemt | ber ) eent ber cent | ber 1 ocent ber | cent
Apro 1l L 30 w00 f 27l 0.0 0] 0o 0| o el 04 0 oo
May 17, __ 30 { 0 Q .0 1] .0 Q Ml 0 R 0 .0
Juned. . 30 ) .UE bt il 24 .n 34 -0 it .0 el .0
June 17 _. k] 2 .0 2 .0 10 L0 3 .4 32 N 2 .0
Jupe 18._. 30 45 00 T .0 50 0 ’A O 47 .0 189 .0
Jualed oL 3 10007 92| 4.3 [H .0 23 .0 53 N et .0
July 20 .. ) 19 ] 100.0 1 3] 8.8 n .0 4 .0 1] .0 0 0
Julv 26_ .. an 148 801 397 2.3 14 .0 L H .0 an Nl 0 R
Aup. 4 L €01 B 8§33 1,000 | 76.9 43 f7. 8 it 45,4 ot 07,6 T 558
Sept. 12, L I M 1] G3.G | 1,976 | BN T ) 100.0 | 2,335 87 4 803 9a.1 1,672 | 861
Qe s .. . 20 ! 254 H.2 1 65T ] BLA 211 6.3 2 86.0 41 82,3 e
: |
JEANEHETTE EXPERIMENT 20, 1935
1 ) i
(LU 129 .1 255 r | 132 6.3 193 18. 1
B0 25 65.2 a2 320 HoO0Q, 1A 3e4
G - fifi 51,2 .6 32 810 W0 2.3
60, 420 - 789 97 1 6011 3 D000 ! 1, 7 fogty
60, X3 921 ReQ D BT 253 | RLO: B ey

Borer-InFesTaTION COUNTS

In the fall of each year borer-infestution counts were made, and
the percentage of jeints bored was ealeulated. An average of 150
stnlks were examined from ench of the 3 plots in 1933, but in 1934 and
1935, 200 stalks were examined from cach of the 3 plots. The total
number of joints and the joints bored externally were recorded for
each stalk. Holes made by the borer larvae for the exit of the moth
were recorded in 1934 and 1935, but the data on exit holes were
considered questionable, as it was not always possible to distinguish
between exit holes and other holes made by large larvae.

The data from these experiments are given in detail in table 12,
with each set of experiments summarized at the end of each section
of the table.
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In-

Jestation by the sugarcane borer in colonized, bufier, and check plots of sugarcane
as judged by the number of slalks and joinis bored

HOUMA AND JEANERETTE, LA, 1533

Stalks Joints
varlety and erop I;}gt Trentment rotal e Total r‘.‘:‘,ﬁg
- - olnd ax-
umined | BOTed | yiined | Bored
Number | Pergent | Wamber | Percent
1| Colonized . .. 105 1.4 1, 5 4
2| Buffer...... 108 52,3 1,485 2.7
3 Cheek..o.... 105 93.2 1,463 280
4 | Colonized. .. 150 85.0 2,47 2.9
57 Butler....... ¥ 6.3 Blia 17.8
] - 130 3.3 2,209 i8. 4
7| Buffer . ... Ta M7 1, 88 3.8
FP. 0. 1. 34, Orst stebble.. .. 8. Colonized. _ 150 98,0 2185 32
20 | Colonized. .. 150 8.3 2,0
n 45 2.2 st
» 150 T3 2,113
113 150 w9 3 2,121
114 . 150 a0 2,007
115 | Cheek. ... 150 910 L 023
109 | Colonized. .. 150 100. 0 L 166
P.C.J. 24, plant ... { 11| Cheek. .. 130 .3 D2
9 { Colonired .. 150 100. 0 2,09
It | Buller, .. ... 130 99,3 Z O
P.O.J. 213, plant oo 11 | Cheek ... 150§ 1000 | 3007
12 Uolonmd_ R 300 88,3 3,932
16 | Cheek....... 300 Frari 3,741
14 0R 5 2,335
18 . il 100, 0 1, 847
17 | Check.. . __ 9.0 2,418
P. 0.7, 213, first stubble. ... 198 | Gplonized .. A S B ot
168 | Colotired. . 150 o0 3 1,589
127 | Colonized . _ 13 e Q 1,511
126 } Check . 150 $#9.3 1&a2
P. 0.3. 213, second stubble..[{ 12} | Splonized . 21 '%s e
i3 | Colonized_ .. 350 o|v 4, 067
P. 0. ], 21}, second stubble. _ 4 a5 109.0 273
15 350 046 4,009
14 2,355 5. 4 29,45
Total and average...... 8 A0 092§ 10, 420
12 ! Cheek. _.._ __ 2,055 a1, 4 26, 150
JEAWERETTE, LA, 1034
] ]
1 i Colonlzed.. a0 1 89,8 2,132 26,08 -]
. Q. T, 213, first stobhbia. ... 1: Buffer....... 20 971 LIEH 323 39
1. Check,-._.__ 200 9r.n 2, 141 31.92 n
2 ’ Crlonlzed. .. 200 9.5 2362 288 31
. 0. 7. 213, seeond stubble. . 2 ¢ Buifer....... 200 §7.1 2t M6 jirg
2 ! Cheele _...-. X0 I 20 2,087 1520 1]
3! Colonized... 0]  8s.0] 05| % 42
™O. 1.2, plant o oee ol 3 Buffer....... 200 82 5 3,13 2. 88 5
3 [ Check....... 200 B4 5 3,033 2150 H
4 | Colonized. .. 200 915 2,244 .38 )
Co. 281, Mrat stabhle. ... .. 4 200 80,5 2, 55 1 24. 00 ke
4 LI 0.0 2117 } 18 14 19
i 5. w0 FeA] A8 1808 a
P.0OL L34, plank oo . ] 5 15 ac. 7 2,158 25,88 )
H 5 10 e 2,240 20,08 | 6
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TavLe 12 —EBzperiments in the mass Hberation of Trichegramma minuium. In-
Jestation by the sugarcans borer in colonized, buffer, and check plols of sugarcane
as judged by the number of stalks and joinls bored—Continued

TEANERETTE, LA, 14#33-—Coentioued

Stelks Joints
Plot \ s Exit
Vurlety o erop lreninent
N Totnl ex- Bored Total ax- Hored holas
nrnined res ntined res
MNumoer | Pereend | Number o Pereent | Number
8 | Colvnlzed. .. 5 00, ¢ 1y bt I L&
Co, 200, plant. oeoeemamnnnanne 6 | Buffer ___.. 50 720 477 16. 14 !
6§ Cheek....... 50 5.0 404 28,88 12
7 | Colopized. .. 200 9.0 2,342 34,07 &
7| Butfer....... 2 97.0 2,308 37,60 0t
7| Cheek...... 00 90,0 2,418 0.5 80
Co. 281, plant_ ... O,
Y Colonized. .. F2] * 8510 442 43.67 18
i Balfer. . _. L 8.0 &2 3. 84 15
o Choeek. ... - 5 93.0 169 39,74 20
5 | Colonized. .. M| B5S 2,700 3.75 n5
B O, 234, Aest stubble. ... 4y Oufler.. ... 20 L0 2,605 .31 83
8 Cheek...... . 200 - 57.5 2, . O ]
¢ | Colonkzed.. . 200 B5.3 2,015 17.32 25
oI, phant., ol 01 Buller_....... 2000 &4, 2,058 16.09 "
% | Check......, 200! BLS 2,983 i 18.09 20
10 | Colonized. .. W00 100.0 2,507 50.85 19
PO %4 plant oo 10! Bufer_...... I ] e ! 49.30 | A
10 i Cheek. ... . 200 9.0 2, T 321t 194
HColynized, .., 1,850 ;90,43 2352 ! 40 5
Tolal atti) A¥ETARD. caeodfen oo HBuTer L0 1 ETD [ QLT W Mn . 205 &6
[ heeX....... i LB 8011 2408 2B 505
1 B
HOUMA, LA, 1034
- : i - :
H ol } Colonized. .. 111 BO. 5 2,7 30, 21 W
Co. 28], plante.coveccecaoea. ' 21 F Buffer...... "o 875 2, 485 27,00 | a7
et | Check.. ... 21D i 838 2,816 241 5
_ o2 | Colenized. .. o0 w0 | zwo| @.n: m
. 0. 5. 234, Arst stubidde .. ¢2 | Buffer....... a0, 1D & 174 3.0 ! 52
e2 | Cheek....... 20 ‘I 9.5 3, 107 3047 a2
2 | Colonfzed . ! w0 o428 | 3082 ) 57
P, 0O, 7,213, Mirst stehble. 3 Buffer. ... 210 . £ 2, M7 0.9 ¢ ki
3] Chegk. ... L] . 5 2 410 3Gl IF 35
4| Calontzed. .. mo: 9.5 { 2081| 43.8 | 7
. G, J. 213, seeond stubhlo. . 4 | Huffer...... am a1 & 152 30.08 | 45
4! Cheek.._.... L1 L 8.5 2, 114 3150 ¢ a
5 | Colonlzed. 2001 7A5 o | 187 8
P, 0.1, 244, first stzbbled. ... 5+ Bafer.. .. . it ALY 2,752 1500 kg
&) Cheek ... AN} i Th& 2,574 13. i1 15
' |
§ | Colonized, .. Gapr: 000 2,44 95 7h &
6 Butler ... Ay - 7.0 2,620 L0 71
6 Check....... 200 ! 5 2,500 i4. 24 i Fed
; 7 | Colaplzed. .. LTI 8. 0 4,308 3133 - 48
T | Buffer....... M- 8. 3 2,307 30. 50 ¢ a7
7 | Qbeek......, 200 0LD 2,300 20.00 | 3%
F. Q. J, 113, first stubble...._ ; L
% 1 Colanized. .. ) 8.0 2, 5 30.07 » H
81 Buller..,.... 1 T . 1q 2,453 .5 34
8] CheeKomeae e an ;o BRg 2518 25.60 ¢ 18
9 | Colonized. .. 001 9.0 248 | D3m0 =
] ft | Buffer,.....1 o 95,5 2, 43¢ 4 34
| ¢ - Cleck......? o BrO 7, 5 25.80 ; 24
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TasLe 12 —EBzperimenis in the mass liberalion of Trichegramme minulum. In-
Jestalion by the sugarcane borer in colonized, buffer, and check plots of sugureane
2§ judged b;, the number of slalks und joinls bored—Continued

HOUALA, LA, WH—Continued

. !
Variety ond erop g_]gt Trentment

; Total ex- !
nuliced

: Total ex-

i awined Bored

| Stalks ‘ Toluts
J Bored

: i i
[ i | Number | Percent | Number | Percent |

10 | Calonized. . 200 2 2, 551 2403

P. 0.7, 234, first stubble. ... 10} Baffer . ____ 200 97.0 o211
10 : Check 200 520 | W48

. {|Colonkzed.. ! 2010 | oLsel o2 31.07
Total and gverage. B 2050 B4, 33 : 27,48
2010 L B4 tO2TG

JEANERETTE, LA, 1

Colonized._ ..
Buffer. ...
Cheek.o.o...

Colopized
Buller. ......
Cheek......

Colopized . ..
Co. 281, first stubble Buffer _. .
Cheek ...

Colonized
Bufler ..., .
Check.__. _.

Colonized . .
BuTer .. .
Checkaan.a-.

]

Co. 200, plant. ... ... ...

g

N : #BE HER
223 223 TLE BB 2ER 2LE 2ER REE 8=y

P.G, 123, plank..._,.....

CET

Codonized.
Co, 200, flrst stubble, .. .___ Buiter.__.

Cheek ...

Colonized
Co. 231, first stubble. ... . Buffer......_
Check_____..

Colonized. .
Co. 231, seeond stubbic. ... DuiTer. ..

Cheek

2

]
HES

e
13
2 588

Colonized . .
Co. 281, first stubhle Buffer.......

Cheek ... .
{Colonfzcd ..

248

&

Blepp ue
[+
8

‘Total anf nverage.. . Buller

Cheek ...,

B38| 528 228 BBE 4BY UBY U8 BEE B g8

—_——

}
gRa

i3

HOUMA,

Buffer
. Che

]
[ 21 | Colonized.

b L=
e
e
25
fﬂd—
Bsd

T, 0. J. 234, first stubble,..__*

SE5E By

SFT

1apaa

594 B3 8

paw HES

: Colonized
>, P. B07, flrst stubble, :  Buffer.

entS =1
Ittt s
MOS thinth Lo

B85 BEE Bu

Py

»gE
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TaBLE 12.—Experiments in the mass Lberation of Trichogramme minutum. In-
festafion by the sugarcane borer tn colonized, buffer, and cheel plols of sugarcane
as judged by the number of stalis and joinis bored—Cnontinued

BOUMA, L4, 1035—Continoed

Stalks Toints
Flot Exit
Varefty and ctop Treatment
No. Totnl ax- Bared Totnl ex- fored holes
umined amiged
, Numter | Percent | MNumber | Percent | Number
24 | Colgnized... 200 3.5 2 54 12.37 8
[ Buffer. ... 200 8.0 2,577 14. 24 1
24 ¢ Checko.o.o.. 200 58,5 2,649 19. 02 i1
25 | Colunized._. 200 8%.0 2,118 23 18
Cg. 281, first stubble___._.. .. 25 [EV LT A 200 8.3 2, 108 9. 04 2
25 | Cheele .. _.._ 200 80.0 2,150 1576 13
2% | Colonized. . 200 88, 5 2,49 24. 84 20
%6 | Buffer..._ . 200 %0.0 2,178 18. 60 16
20 | Cheek....... 200 Ba.& 2,200 2n. 88 15
k1 200 82.0 2,751 18.28 19
Co. 2Bl plant .ol 27 200 80.Q 2, 647 10. 48 14
27 . 200 B0 O 2,764 21.82 il
30 | Colnplzed. .. 200 [ 2784 9.16 9
C. P, BT, frst stulible. ... o3l | Boffer_._ ... 200 73.0 2,524 11.68 12
c3} | Check. ... 200 60.0 2,740 B. 30 10
c3! | Colonized ... 200 02.5 2332 27,06 9
il 0 3. 5 2,428 26,60 13
a1l 200 2.0 2,487 .88 ¥
32 200 al.a 2,316 Pr ] ]
Co. 281, first stubble.._..._.. c32 | Butfer ... 200 B0 2,319 20. 57 13
£32 { Cheek.. ... 200 840 3,260 21.68 ]
¢33 | Colanized. . 200 76.0 2,240 18.70 18
33 | Dnffer_. . .. 200 63.0 2, 474 13.70 12
c33 heck.......J 200 88,0 2,412 13.35 17
Colonizad ..} 2. 200 82,32 87 10. 03 1
Total and nvernge..oooliceeenns Buffer.o....; 2,200 0. 27,032 16, 76 137
t Cheek_ ... 1 2,00 78.50 3, 276 16.59 49

It may be noted that in most of the experiments the borer infestation

was high, thus allowing an opportunity for o wider difference in infes-
tation between colonized plots and check plots. The results of these
experiments show that the borer infestation in the colonized plots
increased to as great an extent as in the check plots, notwithstanding
the large number of Trichograming released.

The number of joints and stalks for examination was not selected
because it was thought the bost unit for e sample, as the reliability of
sampling data increases with the size of the sample, but because it
was as large a sample as could be obtained per plot at that time of year
with the help avai]fahle.

An individual record was kept of each stalk examined. To secure
the standard deviation in the percentage of infestation and the coeffi-
cient of variation, the stalks examined in the Jeanercite area in 1934
were grouped in sets of 10 cach. The veriants in percentage of infesta-
tion were grouped in elasses ranging in percentage of joint infestation
from 1 to 5, 6 to 10, ete., and caleulations were based on the centers of
the class intervals. The results of these calculations are given in table
13.

It will be noted that the coefficient of variation is rather high. Itis
not so great, however, but that the mean percentage of infestation of
a sample of 200 stalks cen be used to give a fairly representative picture
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of borer injury in a given plot. This is especially true where thereis a
difference in the mean of 5 percent or more between 2 plots of the same
experiment.

TaBLE 13.—Percentage of joint infesiation of 20 bundies of 10 stalks each of sugarcane
in experiments on the mass [iberalions of Trichogramme minuivm o conlrol the
sugarcane barer, Jeaneretle, La., 1584

Plot

Veriety sed crop  ° Mo, | Trestiment MMenn Stondard | Coefliclont

daviation | of variation

FPereend Percent Pereent
Coloalzed 25.75 7. 4958 .1
BufTer. .. 31.81 10. 9005 .27
Chec: 31. 50 . 5000 3016

Colonized
Byuffer...
Cheek..

P. 0. 3. 213, first stubble

P. 0. 1. 213, second stubbie

EI BT e

P. 0. 7. 234, plant

Colonized._
Huffer___

Co. 281, first stubble .
Check. ...

Co. 281, plant

=88 ERE BB B8

28y 2832 B3¥ RE5 E5R¥ ByH 34w

P, 0. 7. 234, first stubble

Ceolonized 3
Bufler..___.. 18. &5
Cheek_______ 15. 75

Colonized . ... 57.50
Bufler._____. 48.75
47.25

W 00000 ~I=dsd A LILOCT

P. 0. 7. 2, plant

BEn NRE 538

In addition to the external eount of the bored joints a number of
stalks were split each year, and an internal examination and count was
made of the actual number of joints bored and borer iarvae, pupae,
and pupal skins found. A summary of the data obtained through
splitting the canes in the various experiments in the years 1933, 1934,
and 1935 are shown in table 14,

TantE 14—Summary of infestalion by the sugarcane borer in ‘the canes aplit in the
Trichogramma plots, Louisiena, 1988-85

Joints | Joints
Stalks | Total | bored | hered
split | loints | exter- |intern-
aally aily

Fupal

Tarvee] Prpso sicins

Tear and loeality | Plot treatment

Nutiber| Number | Nuwber| Number| Number Number Numbir
o0 E i) I 167

1136 37

and Holms, com-
2, 556 60

1933,  Jeaperette, {
bined.

1L
125

3, iy I, B4
1934, Jeancretie . 7 . 1,818
Choeck oo . 1, 077

1,692
1,630

{Cn!onizcd. I . 1, 454

Colonized 2,055
193, Haoums e 5

Tufler.. : ! i, 379

1035, Houma
Check. ... H Y1380

Btk e m)lS beken] RISIG
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Errecr oF COLONIZATIONS ON PERCENTAGE OF MISLABLE CANE

It is & well-known fact that a large percentage of the cane plants
produced each season never reach millable size. There are probably
several faciors involved in the loss of such a large number of plants.
Many of them die or become stunted through lack of light and possibly
plant food.

Hinds, Osterberger, and Dugas (7) investigated the effect of the
borer in causing unmillable cane and reported that

The effect of Trichogramma colonization upon the proportion of original stalks
developing to millable size and condition appears to be significanty, and yields
some very interesting comparisons which indicate the value of esrly season
colonization.

A further study was made by the writers of the value of Tricko-
gramma colonizations ip increasing the percentage of millable cane in
the colonized, buffer, and check plots in two experiments carried on
cooperatively with the Louisians Agricultural Experiment Station in
1934, and in four cooperative experiments in 1835. Plants classod as
unmillable included all that were dead or so small that they would
have been left in the ficld with the trash at harvest time. These
unmillable plants were split to determine the percentage injured by
the borer. Examinations of like character were made in both years
In cane growing near Rosewood and Bunkie, Ls., where borer injury
is the lightest in the sugar diswrict, as it is interesting to compare
findings there with those from the cooperalive experiments in which
borer injury was much above thes average for the sugar district. Data
covering thesc examinations are given in table 15.

TasLe 15.—Effects of Trichogramma colonizalion and sugarcane borer injury on
the percentage of wmillable sugarcane vlunts, Louistana, 1934-35

D Sam- g
: - aie . mitiabie
??rchog);ﬂg;%;%eiﬁlgnt No. Plot trentment ] exam- e;\‘;‘r:r- ! Millable plants *__ __ _
ined .
ped ¢ Total | Bored
. 1934 [Numlber Nutaber) Pertent Number: Pereent
Caolonized.__ .. Dee, 10 6 302 407 341 4,1
ei, Co, 281, plant eane....___..__. . Builer. .d [31 304 48.7 k| 58
Cheek. i1 317 53,3 200 14 B
Colonlzed. . ___ Nov. 20 1] 24 5.7 i) 22.8
c2, P. 0, 7. 234, planienme. _________ WBilero ... PR (T 6 233 55. 1 220 .7
{Rosewood-Bankie area): Check.... .-doL 6 6 59 It 15,2
SOLE B e Oct. 2 BLOLB0S 826 oo .5
Con BT Y. S 26! LB e 741 5
1915 |
Colynfzed._._.| Got, 17 G 3% .5 1504 25
36, C, P. 807, stubble cane_________ Dutler.__, Joeado. L - 1] an, 2 153 4.8
Cheehe ..o oo G 321 63.2 157 0.2
Colonized [i] il 510 2531 13,7
31, Co. 281, stnbble cane. .. _______ Buffor..._ I > T 6 iris] 1%.8 272 14,0
: Cheek, . e 273 54.8 e Hur
i{Colonkzed. . [ I jricH 48.5 i) L3
€32, Co. 28, stubble cane._ ... YButler_. & 251 5.5 265 7.9
HCheelk.. 67 25 s.7T| 60 0.8
1fColonized. .. £, 25| 20 3 15.7
€23, Co. 281, stohble cane. ... JButler.... i ' T 194 1.2
(Rosowaod-Bunkie azcal: | Cheek........ s b sL.7 6 8.3
Co2Stplant . . .- Oer. 10 o, Lo %4 o 1
Co. 281, stubbie. ; I3 30, L4570 5837 L0065 ]
Co. 200, plant. . 10 o5 . LX,; 864 943 L0
Ca, 290, stubble. i1 15 5,207 5.7 P8 L0
b - 4

! Ench sample consisted of 10 feet of row.
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It may be noted that the percentage of millable plants was as great
in the uncolonized as in the colonized plots. Borer injury to unmill-
able cane was also practically the same in colonized and check lots,

Comparing the percentage of millable plants in the heavily bored
plots of the Trickogramma experiments with the pereentage in the
Rosewood-Bunkie area little correlation is apparent betwsen borer
injury and the pereentage of millable plants.

The results of examinations made at Rosewood during the harvest
season of 1934 are of special interest, sinee a total of 850 millable
stalks were examined without finding any indication of borer injury.
In spite of the absence of borers the percentage of plants too small to
be millable was almost as high as in the Houma area.

YieLp 15 Sucar aNp CANE PER ACRE

The final conclusion on whether the release of T richogramma minu-
tum is of value in the control of the sugarcane borer must be based on
the quantity of sugar produced per acre of cane in the colonized areas
in excess of that produced in the areas where no parasites were re.
leased. This increase «f sugar might result from greater tonnage of
sugarcane or from more sugar per ton of cane, due to less borer injury,
or from both.

In 1933 an observer checked all the cars loaded from experimental
plots to obtain the correct net weight of ¢cane from each plot. Fiveor
six plantation carloads from each plot were tagged with a special card
indicating that they were to be milled together and a composite sample
taken by the factory chemist.

In 1934 and 1935 the same method of obtaining the net weight of
cane and the factory mitl sample was used as in 1933, except that the
weight, and also & factory juice sample of each cut in each plot were
obtained. Where possible, four or more plantation. carloads were
tagged from each cut for a composite juice sample, and in the Floyma
experiments one or more composite samples were taken from all the
cane in each cut. In some experiments the cane was hauled to the
mill by motortruck or wagon, and in such eases two wagonloads per
cut were used for a sample. In selecting wagonloads and carloads for
sucrose analyses, where the entire cut was not used for a sample, care
was taken during all three seasons to get cane from the middie of the
cuts and not from the heap rows along the drain ditches.

As a precaution against failure to get analyses of factory juice,
analyses were also made by use of a small mill. In 1933, 150 stalks
were cut from each plot, 15 stelks from 10 representative points, that
is, 4 points near each end and 2 in the middle. In 1934 and 1935, 10
stalks were taken at 5 representative points in each plot. or at 6 points
in 1934 when there were 3 cuts of cane in the plot. These samples
were ground in the experimental mill of the Division of Soil Fertility
of the Bureau of Plant Industry at Houma. In 1933 and 1934 juice
analyses were made under the supervision of N. McKaig, Jr., and in
1935 the analyses were made under the supervision of A. M. O"Neal or
G. Arceneaux. The comparative analyses between the 3 plots of an
experimers when obtained by small-mill samples agreed very closely
with the factory-juice analyses from the same 3 plots, The figures for
the small-mill analyses were often lower than those of the factory
analyses for the same experiment, as the small samples were taken
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sometimes several days before the cane of the experiment was har-
vested. It was apparant that factory gnalyses of wagonload and
carload lots were more accurate than small-mill samples from a small
number of stalks, for determining the sugar produced per acre.

Table 16 gives the data from the various experiments showing the
number of acres per plot, pounds of 96° sugar per ton of cane calculated
from both the small-mill analyses and the factory analyses, tons of
cane harvested per acre, and the pounds of 96° sugar per acre based on
the factory analyses. It madly be noted that in 1933 only one colonized
plot, 20-P, surpassed its check in both pounds of sugar per ton of
cane (factory analysis) and pounds of sugar per acre. There was one
colonized plot, 9—12, which surpassed its check in pounds of sugar per
ton of cane, but it was below its check in pounds of sugar per acre, and
113-P and 124-P surpassed their checks in pounds of sugar per acre
but were below the checks in pounds of sugar per ton of cane on the
basis of factory analysis. In comparing the averages of the colonized,
buffer, and check plots, it may be noted that the yield of the check
plots surpassed that of the colonized plots by 10.3 pounds of sugar per
ton of cane and by 220 pounds of sugar per acre. The buffer plots
gave less sugar per ton of cane but more sugar per acre than either
colonized or check plots.

Tanre 16.—Yield of sugar and relaled data on the colonized, buffer, and check plots
in the experiments on Lthe masx liberatione of Trichogramma minutum in Loutsiang,
1933-36

COMEBINED DATA FROM HOUMA AND JEANERETTE EXPERIMENTS, 1923
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TanLE 16.—Yield of sugar and related data on the colonized, buffer, and check plois
in the experiments on the mass liberations of 'Ihchogramma minutum in Louisiana,
1983-35—Continued

COMBINED DATA FROM HOUMA AND IEANERETTE EXFPERIMENTS, 1935—Con.
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TaBLE 16.—Yield of suger and related data on the colonized, buffer, and check plots
in the experiments on the masa liberations of Trichogramma minulum in Louisiana,
1938-35~-Continued

JEANERETTE EXPERIMENTS, 1934

962 sugar per ton of cane Sugar
per
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TanLe 16.—Yield of sugar and relaled data on the colonized, buffer, and check plots
in the experimenls on the mass liberations of Trichogramma minulum in Loutsiana,
15985-35—Ceontinued

HOUMA EXPERIMENTS, 1835—Continued
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The yield deta on the experiments of 1934 are tabulated in a form
similar to those of 1933 except that the data for the Houma and Jean-
erette areas are given separately, although averaged together. 1t is
apparent that in terms of sugar per acre the colonized areas led at
Jeanerette in experiments 7 and 9, and at Houms in experiments 4,
5, and 10. The check areas led in 1 and 4 at Jesnerette, and in 2, 3,
and ¢ at Houma. The other experiments gave more sugar per acre
in the buffer plots. There were five experiments in favor of the
colonized aress, five in favor of the checks, and eight in faver of the
buffers. In comparing the combined averages, it 1s shown that this
year the check plots again surpassed the colonized plots, leading by
46 pounds of sugar per acre. However, the buffers again produced
more sugar per acre than either the colonized or the check plots.

In 1934, during the rush of the late harvest season, the plantation
managers failed to notify the Bureau representative that they were
harvesting experiment 5 at Jeanerette, and consequently weights of
the cane and sugar on these plots were not obtained. The indications
were that these might have been in favor of the colonized ares.
Jeanerette experiment 6 was cui for seed cane and weights were not
obtained on this area. There would likely have been little difference
between the check and colonized areas in this experiment. In har-
vesting Jeanerette experiment 7, the colonized ares was harvested on
December 12 and 13 and hauled on December 13 and 14, whereas
the buffer and check plots were not cubt until December 17 and 18
and were hauled on December 18. Since there was a killing freeze on
December 11, the delay in harvesting no doubt caused a reduction in
sugar per ton of cane, and possibly in weight, from the buffer and
check plots, since the stalks were cut lower at the tops to avoid
harvesting sour cane. A comparison of the gain in sugar in the
various plots between the time of the small-mill analyses and the
factory analyses indicated that there was & loss in sucrose on account
of the delay.

In 1934 Houma experiments 1 and 2 were harvested after the
freeze of December 11, and there was no doubt a reduction in sugar
per ton, as the yield-dats table shows that there was less sugar at the
time the factory semples were taken than at the time of the small-
mill sarnples, in contrast to practically all the other experiments. In
experiment 1 all the cane was windrowed prior to the freeze and
should have suffered little deterioration. Furthermore, all this cane
was milled within 2 days, and should have been comparable. In ex-
periment 2 a part of the colonized plot was harvested last, which may
have been disadvantegeous. It is thought, however, that the date
from these two experiments are reliable enough to show that there
had been no advantage in releasing the parasites. These two experi-
ments were carried on in cooperation with the Louisiana Agrieultural
Experiment Station.

n 1935, on the basis of snear per acre, the colonized area led in
four experiments, the buffer in four experiments, and the check in
six experiments. In the remaining six experiments the yields of two
or more of the areas were practically equal.

Four experiments were windrowed in 1935. Experiment 20 was
windrowed on November 22 and 24 and harvested on December 27
and 28. KExperiments 7 and 14 were windrowed on November 25
and 27, and on December 6 the cane caught on fire. All the cane in
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experiment 7 except 7-P, cut 1, was burned. In experiment 14 only
14-C, eut 1, and & part of 14-C, cut 2, were burned. = This burnt cane
was topped in the next 2 days and hauled. The sucrose test on the
cane in 7-F, cut 1, could not be used, as this cane was harvested 20
deys after the burned cane. In experiment 14 only the test made on
the unburned cane was used. Experiment 24 was windrowed on
December 5 and harvested on January 8. Except where there was a
time difference in harvesting, windrowing apparently did not affect
the reliability of the experiments.

Explanations should be made concerning experiments 7, 8, and 14
of 1935 in the Jeanerette area, in which the yields of the colonized
aress exceeded the checks by 3 to 4} tons of cane per acre. Experi-
ment 14 was ineluded in the burned area. In 1934, 7P had been
the check plot and that year it produced nearly 1% tons of cane per
acre more than the colonized plot. The various euts used in experi-
ment 8 were supposed, according to the overseer, to have been com-
parable from past yields, but at the end of the sesson both the maneger
and overseer of the plantation remembered that the two cuts used for
the check a'ways gave o little less tonnage. The sugar per ton of cane
was higher in the check since the cane was more mature than in the
colonized area, but not encugh more to offset the incresse in tonnage
of cane produeed in the colonized area.

In experiment ¢13, in Co. 280, first-year stubble, there was un-
doubtedly a soil difference or some other factor not connected with
borer damage that caused the yield in the check to be so much higher
than that in the buffer or colonized areas.

The factory sucrose test on the colonized area of experiment 20
{Jeanerette, 1935) appears to be lower than it should have been. In
this experiment the loads for the sucrese test from the buffer and
check areas were milled during the afternoon, and six test loads from
the colonized nrea were set aside to be run through the (ollowing morn-
ing, but the truek driver failed to cet a sucrose test on them. Addi-
tional test loads were taken the next morning, but as there had besn
2 heavy rain the night before, the cane was wet and muddy. This
condition probably caused a decrease in the sucrose when the juice
was analyzed.

In the experiments conducted cooperntively with the Louisiana
Agricultural Experiment Station in 1935, the pounds of sugar per acre
was highest in the colonized area in one experiment, in the buffer in
one, and in the check aree in two experiments. The remaining three
experiments showed two or more of the rreas practically even in sugar
per acre. Five of the seven cooperative experiments had a borer
mfestation of over 20 percent of the joints bored in one of the plots,
and another experiment had an infestation of 18.7 percent in one of the
plots. The cooperative experiments showed results no more in favor
of the colonized areas than did the other experiments conducted during
the three seasons.

Differences in yields occur normally between the most nearly uni-
form areas obtainable and would be expected if no treatment had been
given any of the plots. No relationship was evident, however, be-
tween Trichogramma releases and increased yields; yet, such a relation-
ship certeinly should have appeared, in the large number of experi-
.men.t.s]éronducted, had this practice resulted in any significant incresse
in yield.
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Y:eLp AND SucroskE VariatioNn WitHiNn CERTAIN FIELDS

In some of the experiments there was a greater difference in yield
between the two or three cuts composing the colonized plot than
there was between the average of the colonized and the average of the
check cuts of the same experiment. For instance, in 1934, in an
experiment in the Houma area (table 17), there was a difference of
1,308 pounds of sugar per acre between the highest and lowest yields
of the three cuts composing the colonized plot. There was a differ-
ence of 1,166 pounds between the highest and lowest vields of the cuts
of the buffer plot, and in the check a difference of 77 pounds between
the highest and lowest cuts. Yet there was a difference of only 49
pounds between the average yield of the colonized plot and the average
yield of the check plot. The great increase in vield per acre in both
the high-vielding cut in the colonized plot and the high-yielding cut in
the buffer over the other cuts in the same plots was due in both
instances to a slightly higher yield of cane per acre and a considerably
higher sucrose analysis of the cane. This shows very clearly the ad-
vantage of taking the yield for each cut and also a separate sucrose
analysis from each cut and averaging the results from all the cuts in
each plot, rather than to depend upon one analysis for the entire plot
which might consist of two or three cuts. As has been stated, this
method was followed in all the experiments in 1934 and 1935.

TapLe 17— Variation in yield by culs in ¢ Trichogramma experiment plol at Houma,
La., 1984

Yield of #6° sugar
Plot treatment

Ton of
chne

Tona Paundy
25, 54 119. 91
25,70 12507
M. 5 166. 46

25 8 136.13

ot 18).26
2580 | 13021
oe0 | 133.57

26. 00 Hi.63
H.73 141,86

06| 1300
10| ol

24,16 I 145,65 ¢
i

To determine the variation in canefields that were considered as
nearly uniform as could be obtained, heap-row records were taken in
certatn ficlds in 1934. VWhen the cane was harvested, the cane from
three to five adjoining rows was piled together in one continuous heap
row. A record was kept of the weight of cane in ench heap row, and o
sugar analysis was obtained for cach cut in four experiments in the
Houms area. The variation in the number of pounds of sugar per
acre obtained per heap row for each cut in three of these experiments




EXPERIMENTS FOR CONTROL OF SUGARCANE BORER 37

is shown in figure 4. The variation within each cut is due entirely to
cane tonnage per acre, as only one znalysis for sugar was obtained
per cut.
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Fiogre 4.—Pounds of sugar per acre in the various heap rows for each cut in the
coionized (parasite), buffer, and check plots in three experiments in 1934, Each
vertical bar represents the yield of & heap row.

A record of the weight of cane on each heap row in six experiments
was obtained in 1935 and from these weights the sugar per heap row
was calculated by using the sucrose analyses for the cut in which the
heap row occurred. These date are given in table 18.
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TABLE 18.—Yield of sugar per acre from individual heap rows in 51 experimenit
at Houma, La., 1885

Experiment [Experlment  Experiment [Experiment | Experimment | Experlment
Plot treatment | S | HEP 400 p 0.7, 23, C. P, 1'c30, C. P. | a3, Co. | a32 Co. | o3, Co
A 234, stubble| 807, stabble| 807, stubble| 281, stubble; 281, stubblej 281, stubble
Pounds
Coloniged. . _._
Bufler. ._..... K
Oheek ...

In 1935 & sucrose analysis was made of the cane from each railroad
car from three cuts at Keserve Plantation. All the cane in each cut
received the same treatment in cultivation, colonization, and har-
vesting. All the cane was hauled without delay and sucrese analyses
were all made on the same date. Table 19 shows a difference of 18.95
pounds of sugar per ton of cane between the highest and the lowest
test car in experiment ¢30-C, cut 1; of 15.27 pounds in ¢30-B, cut 1;
and of 15.68 in ¢30-B, cut 2. From this it may be seen that there is
considerable difference in the yield of sugar per ton of cane from
different carloads from the same cut. Thus the difference between
small samples can be expected to vary as much if not more. If 3 or
4 carloads were used for a cemposite sample for each cus, this error
or variation in sampling would be reduced.
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TABLE 18, —FResul's of aucrose analyzes made on individual carloads of C. P, 867
Jirst stubble cane at Reserve, La., Ocl. 99, 1935

Yleld of 08
Welght of augar per
ton of ¢cane

Experiment, plot Mo, and cut

Summary oF ExpErRIMENTS ConbUcrEp 1w CGOPERATION WITH THE
Louisians AGRICULTURAL EXPERIMENT STATION

During 1934 only two ceoperative experiments were carried on with
the Louisiana Agriculsural Experiment Station, but in 1935 the num-
ber was increased to seven. The fields for all the cooperative experi-
ments were selected jointly with a representative of the experiment
station and with the assistance of A. M. O’Neal, associate soil tech-
nologist of the Buregu of Plant Industry and officials of the sugar
companies on whose properties the experiments were condueted.
These fields were selected with the greatest possible care, to get the
areas most comparable as to soil type, fertility, stand, size of cane,
and past treatment. The parasites were furnished by both coopera-
tors and released at & time agreeable to both. The egg examinations
and infestation counts were made both jointly and incfependent.ly by
both cooperators. A representative of one or both was present at the
time the experiments were harvested to obta'n yield data.

In 1934, parasites were released in the 2 cooperative experiments
during June at the rate of 11,850 per acre in cl and 9,241 per scre
in ¢2. During June, July, and August a total of 17,930 parasites were
released per mere in cl, and 18,700 parasites were released per ecre
in c2,

Collections of borer eggs were made in both cooperative experiments
during April, June, July, August, and September. The first par-
asitized eggs found in the cooperative experiments were collected
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from the check in ¢! on June 26. The final percentage of parasitiza-
t,i];m 1;weraged only slightly higher in the colonized plots than in the
checks.

Infestation counts were made on at least 200 stalks in each of the
colonized, buffer, and check plots of both experiments. The per-
centage of bored joints was somewhat higher in the colonized than in
the check plots. The infestation counts are given in table 12. As
shown in table 15, Trickogremma releases neither increased the per-
centage of millable stalks nor decreased the borer infestation in unmil-
lable plants in the six cooperative experiments in which these data
were obtained.

The cane in all three plots of ¢l was windrowed and harvested at
approximately the same time. In the colonized plot of el the yield
of sugar per acre was 55 pounds higher than for the check, but in the
buffer it was more than 100 pounds higher than in the colonized or
check plots. In ¢2 the yield of sugar in the colonized plot was less
than for the buffer or check plots of the same experiment (table 18).

Parasites were released in 3 of the cooperative experiments during
June 1935 at a rate higher than 5,000 per acre. The number of
parasites released in all seven during June, July, and August averaged
between 15,000 and 43,000 per acre.  The information on the parasite
releases 15 given in table 7.

The percentage of parasitization in the colonized plots of €13, c19,
ond ¢20 did not average so high during July as in the buffers and
checks. Latc in August and during September the parasitization in
the colonized, buffer, and check plots wns about the same. In the
four other cooperative experiments parasitized eggs were found during
it latter part of July in the plot intended to be used as the check of
¢30, where the average parasitization was 21.7 percent, and in the
plot to be eolonized and the buffer plot in ¢31, where it was 26.1 and
58.1 percent, respectively, before any releases were made. No
parasitization was found during July in €32 or ¢33. During the latter
part of August and in September the parasitization in these four
experiments averaged about the same,

The percentage of bored joints in ¢13, ¢19, and €20, where parasites
wers released in June, averaged about the same for the colonized,
buffer, and check plots. In the four experiments, where the releases
were made during August, the percentage of bored joints was about
the same in two experiments and slightly in favor of the colonized in
one experiment and in the check mn the other. The data on the
infestation counts are given in table 12,

The yicld of sugar per acre in the three experiments where the para-
sites were released in June was slightly higher in the checks than in
the colonized plots. In the four that received the parasites in August
the yield of sugar was about the same in two, slightly in favor of the
colonized in one, and considerably in favor of the check plot in the
other. The yicld data are given m table 16.

The results of the cooperative experiments do not show any con-
sistent pain in favor of the colonized plots. The percentage of
parasitization, number of bored joints, and yield of sugar per acre
averaged about the same for the nine experiments that were conducted
during 1934 and 1935.
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SUMMARY AND CONCLUSIONS

Experiments were condueted for three seasons to ascertein whether
or not the sugarcane borer (Datraea saccharalis (F.)) sould be con-
tﬁpllled in Louisiana by mass liberations of Trichegramme minutum

iley.

Several lots of bagworm eggs were placed in the field during the
winter and early part of spring, but no parasitization by Tricho-
grammae was obtained. A Trichogramma adult, however, was col-
lected in the winter, and several species of moths were found depositing
eges ab this time which could serve as hosts.

Experiments conducted in April 1934 showed that Trichogramma
dispersed as {ar as 100 fect within 48 hours after release,

1t was apparent from o comparison of the numbers of joints bored
externally and internally that the count of joints bored externally can
be used as a reliable indication of the actual internal borer injury.

A definite correlation is shown between the percentage of parasit-
ization and host density. A study of egg collections and of the corre-
lation beiwcen parasitization and host density indicates that very
little reliability can be placed on the increase of pearasitizetion prior
to August as an indicator of sugarcane borer control.

Every precaution was tgken to see that the plots selected for the
experiments on the control of the borer by the mass liberation of
Trichogramma were uniform in every respect. Each experiment con-
sisted of & colonized and o check area which were separated by a
buffer ares in 1934 and 1935 and in most cases in 1983, Parasites
were released at the rate of from 10,000 to 45,000 per acre during the
3 seasons.

In comparing the progress of parasitization of the borer egg clusters
found throughout the three seasons, very little difference was observed
between the percentages of parasitization in the colonized, buffer, and
check plots.

A study of the infestations in the stalk and joint showed that the
borer infestation in the plots in which Trichogramma parasites were
released increased to as great an extent as in the check plots.

Factory anslyses for sugar content, and the net weigh$ of all th
cane harvested from each plot was used to obtain the amount of sugar
and cane produced per acre in the various plots. No relationship
was evidenbt between Trichogramma releases and increased yields;
yet such a relationship certainly should have appeared, in the inrge
number of experiments conducted, had this practice resulted in any
significant meresase in yield.

In some experiments the difference in vield between the two or three
cuts composing the colonized plot was greater than that between the
gverage of the colonized and the average of the check cuis of the same
experiment. There was also considerable variation in the pounds of
sugar per ton of cane resulting from tests made on various carload
lots of cane from the same eut. These differences indicate the great
variation in yield that occurs in the average cut of sugarcane.

Thus, the results of the experiments conducied during the three
seasons show that releases of Trichogramma minutum are of no value
in the control of the sugarcane borer in Louisiana. The colonization
of Trichogramma as a ficld practics for the control of the sugarcane
borer is therefore not recommended.
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