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INTRODUCTION

It is thought that sorghum originated in east-~central Africa and was
probably one of the earliest planfs to be domesticated, Today grain sorghum
is grown extensively in Afrieca, India, China, Manchuria, and the United States
and to a lesser extent in othsr areas for human and livestock consumption.

Everywhere it is attacked by insect pests in the field and in storage.
Total loss of the world production of cereals dus to storage insects has been
estimated to be as high as 10%. Among these storage pests, the maize weevil,

Sitophilus zesmais, is one of the most destructive,

The female weevil eats a small hole in the kernel, lays an egg in it and
plugs the hole with a gelatinous secretion, A small larva hatches from this
egg and develops through four instars and a pupal stage inside the kernel
before emerging as an adult,

Control is usually accomplished by sither chemical treatment, sanitation
or physical treatment such as cooling or heating, Chemical ireatment is
:costly and there is a risk of residual contamination, Sanitation and physical
treatment involve much time and often are not effective, If varieties were
evailable Lo growers that were resistant to weevil attack,-a cheap and easy
method of control would be provided, This would be sspecially wvaluable in
developing countries where t%e cost of other methods of contrel would render
them prohibitive. In developed areas such as the United States, resistant
varieties would alsc bs very worthwhile since stored grain has 2 low profit

margin and very little money would have to bz spent on pest control.



Therefore this research was undertaken as part of the Kansas Agricultural
Experimént Station Project, Hateh 686 entitled "Susceptibility of Szrghum
Grain in Storage to Grain Damaging Insecis". The particuvlar objective was to
evaluate a worldwide collection of sorghum cultivars for resistance to the

maize weevil.,

LITERATURE REVIEW

Taxonomic Status of the Rice Weevil Complex

Linnasus first described the rice weevil as Curculio oryzae L. in 1763.

Subsequent to this description much confusion has evolved concerning the taxo~
nomic status of certain variant populations that wore originally ineluded in

the same taxon., In 1855, Motschulsky described a larger weevil from corn as

Sitophilus zea-mais Motsch, A small weevil in Japan was named Calandra oryzae

(L.) var. minor Sasaki (Sasaki, 1899) but was later renamed Calandra sasakii

(Tak.) (Pakahashi, 1928),

Richards (1944) showed that two strains of Calandra oryzae (L.) differed

significantly in size and thal hybrids of croéses between the two did not
produce viable offspring. However he did not consider these strains as dis-
tinet species since there were no non-overlapping morphological differences
or combination of differences between them. ‘Birech (1944) also noted signifi-
cant size differences and intersterility between two strains of Calandra
oryzae L. and concluded that these strains cowld be classified as different
species,

In 1946 Birch found that both strains were larger when reared on corn
than when reared on wheat but one strain remained the largest regardless of

rearying media. Birch (1953) reported that the innate capacity for increase
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was grezter for the small stroin when recred in wheat and greater for the
large strain in corn, Furthermore in 1954 he showed that when the two slraing
occurred together in wheat the small strain wes successful while the larpe
strain prevailed in malze,

Floyd and Newsoﬁ (1959) substantiated intersterility bastween the two

straing ard referred to the larper as Sitophilus oryzas (L,) and the smaller -

as Sitophilus sasakii (Tak,). Kuschel (1961) finally clarified the taxonomic

sitvation of the rice weevil complex when he recognized the small weevil as

Sitophilus eryzae (L.) and the larpger weevil as Sitophilus zeamails Mots,

General Biology

Hinds and Turrner (1911), Kyle (1918), Cotton (1920), Reddy (1950 z,
1850 b, 1950 c¢), Howe (1952}, Soderstrom (1962}, Singh and Sederstrom (1963},
Morrison (1964 &), Soderstrom and Wilbur (1965, 1966) and others have discussad

the general biolegy of the rice weevil complex in detail,
Resistance in Sorghum

A1i (1950) reported that of the 15 varieties tested only Martin and Cedy

were suwilable for reproduction of Siltophilus oryzae L, However, this high

lovel of resistance may bo attributed to a 9,5% moisture content in all
varieties,

Samuel snd Chatierje (1953) corducted studies on the resistance and
suscoptibility of 24 sorghum varieties to 6 stored-product insects including

Sitophilve oryzae L. They found a non-husleble variety, JS 20, to be fully

resistant to the rice weevil. They susgested that the degree of rvrssistance
right Le due to a combination of facters, i. e. hardness, texture, moisture

content, and husk cover,
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Vietoria Lieu in unpublished work done at Kansas State University in the
1950°s noted that reproduction and suvrvival of the rice weevil, granary
weevil, and lesser grain borer was prohibited in two non-waxy sorghum varie-
ties, Double Dwarf Yellow Sooner and Double Dwarf White Socner, eof 12% molsture
content,

Doggett (1957) found a positive rolation between the low rate of weevil
damage anﬁ thick corneous outer endosperm shell, He also indicated that small
grains seemed to suffer less damage than large ones. In 1958 he reported that
selection for a thick corneous endosperm sheli had been successful in & breed-
ing program for weevil resistance.

Harder grained varieties, with the éxception of Texioc#«ﬁ@, were shown
to be least attractive to the maize weevil for oviposition by Russell (1962).
When the varleties were mixed, the larger seeds were preferred for oviposition,
Moriality of immatures was net significantly different between the two
vﬁrieties.

Morrison (1964 b) compared the effect of whole, halved, and coarsely
ground kernols of Atlas sorghum on the development of the maize weevil,

Sitophilus zeamais Mots, Whole kernels produced the most emerged adult

weevils an@ coarsely ground the least,

Davey (1965) concluded that a count of emerging adults was an adequate
rizasure in comparing damage between different varietises. Highef numbers of
progeny wers obtained from varieties with a mealy endosperm than from those
with 2 vitrecus endosperm. Many of the parent weevils died on vitreous
varieties possibly because of a slightly lower moisture content, Hardness
was clearly correlated with the amount of vitreous endosperm,

In studies with 4 varieties, Russell (1965) used length of developrmental

pefiod 2ol aumber of first generation progeny as indicators of resistance,



He demonstrated that the reactions of Sitophilus oryzae L. and Sitophilus

zeamais Mols. were analagous and due largely to the relative hardness of the
varieties, Russell (1966) later found that length of adult life was shorter
in harder varieties,

When comparing fechniques for screening varieties of grain sorghum to
the rice weevil, Stevens (1966) showed that more progeny were produced in
nonchoice confined tests than in tests where the wesvils were given a choice,
Collier x Atlas and Double Dwarf Early Shallu were the least favorable in all

tests,
Studies on Resistance of Other Grains lo Stored Products Insects

Resistance in Maize

Cartwright (1930) found that longer shuck lengths were associated with
resistance to field infestation of the rice weevil, Eden (1952) substantiated
these findings and noted thal weevil damage increased almost 1% for each
increase of 1 pound per square inch pressure required for penetration of a
1/1€ inch hollow steel punch, However he found no corrolation of resistance
to lhickness of pericarp.

The rice weevil and other internal feeders were found to be capable of
survival on hulled tecsinite but only the Angoumois grain moth survived on
unhtlled grain. (Warren, 1954), |

Warren (1956) repcrted Qariable responses of the Angoumois grain moth
when reared on 29 strains of maize at 14% and 174 moisture content, However
he did not find any significant differences in larval survival between strains
‘at either moisture content, |

A highly signifiecent pesitive correlation between sugar content of



kernels and field infestation and a nepativo correlation between kernel harde~
ness and rice weevil infestation were demonstrated by Singh and MeCain (3.963).

McCain et al (1964) desigred a technique for selection of rice weavil
resistance by allowing the weevils to have a choice of several varieties,

Pant et al (1964) used per cent of seeds damaged, average loss in weight
of seedsvand size of insect population produced as indicators of rasistanqe
to the riée weevil,

Diaz (1967) screensed 139 maize collections for resistance to the maize
weevil and suggested that resistant germ plasm cemes from tropical lowlands
or primitive comn.

Maize varietlies with high amylose content adversely affected larval
nutrition of the gransry weevil and the rice weevil in stuwdies by Rhine and
Staples (1968). Howevor larval survival was unproportionately high for the
rice weevil on high amylose varieties while being low for the granary weevil.
The authors further suggested that larval surﬁival may have been influcnced
by other resistance factors since the high amylose maize was developed under
a different breeding program than the varistles with normal amyleose content,

Van Der Schaff (1968) screensd 337 ecultivars of maize for resistance to

the maize weavil, Sitorhilus zeamais Mots,

Lo F

Resistonca in Other Slored Products

Sound, mature rough rice with an intact husk appsared to be almost immune

to drfestaticon by Sitophilus sasakii (Breese, 1960), However, infestations

did develop in grains with lemma and palea separated but the developing adult
was often unable to emerge. Rossettc (1966) screened 1700 varieties of rough

rice for pesistance to Sitophilus zeamais Mots. and reported the same rela-

tionships.



Ewer (1945) noted that larger grains of wheat were preferred for ovi-

position by the granary weevil; Calawira granaria L.

In work with other small grains, Sinha (1969) found that hulled oats
prohibited reproduction of the granary weevil and of the lesser grain borer,
However most other cémmonly'grcwn Canadian cereal varieties were noi markedly
resistant.

Podoler and Applebaum (1968) suggested that the relative resistance of
varieties of broad beans was due solely to the abilily of hatching larvae and
energing adults to penetrate the ssed coual, They also concluded that thick-

ness of the seed coat seemed to Las the only limiting facior.
MATERIALS AND METHODS
Sorghum Collection

The sorghum collection thet was screened for resistance was received from
the International Germ Plasm Seed Bank (IGPSB), Chapingo, Mexico in September,
1968, It was composed of 1511 cultivars of sorghum of worldwide origin.
Several hundred seeds of each cultivar were contained in paper envelopes, An
abbreviated pedigree and country of ordgin is given in a list kept on file at
the Department of Entomology, Stored-Product Insect Section, Kansas State
University. A more complete pedigree may be obtained by writing the IGPSB,
Cultivars that were used as resistant and susceptible checks in the screening
process were Double Dwarfl Eaély Shallu and Sugary Feterita, respectively.
These two cultivers, in addition to Redlan, wers also uszd in tests on factors
influencing the level of resistance, ALl three of these cultivars were obtained
from the Kansas Agricultural Experiment Station. Upon receipt of the grain

samples, they were placed in a freezer for several days to destroy zny possible



inseet infostation and then stored in a cold room at approximately 40° F to

prevent infestation.
Source of Insects

Two strains of Sltophilus zeamais Motschulsky, the mailze weevil, were

employed in the.screening procédures. Preliminary screening was carried out
using a strain cbtained from Vera Cruz, Mexico in August, 1964, The strain
used in secondary screening was obtained from Stuttgart, Arkensas in 1955 and
maintained in the Department of Entomology, Stored-Product Insects rearing

room. In zddition to these, two strains of Sitophilus ocrvzae (I,), the rice

weevil, and one strain of Sitophilus grenarius (L.), the granary weevil, were
used in other experiments described in this repoft. Ons strain of the rice
weevll was taken from Meladn County, Kansas in 1965 while the other was
obtainsd from the USDA Stored-Product Insects Laboratory in Atlanta, Georgia.

The granary weevil was obtained from an unknown location in Kansas,
Maintensnce of Insect Cultures

Cultures were maintained at a relative humidity of 70%f 4% and 2 tempera-
ture of 80t 1° F, The room was dark except when entered, Culture media used
were Redlan sorghum in the case of the Mexican strain of maize weevil and
Early Triumph hard red winter wheat for all other strains and species. The
grain was cleared with a2 Bates Laboratory Aspirater (H. T, MeGill Co., Houston,
Texas) and then the moisture content was adjusted to approxinately 13.5% by
adding water and mixing thoroughly,. Theramount of water to be added was
calculated by the following fermula:

100 ~ urssent % moisturs
100 = desired % moisture

X Wt. of Wheat - (Wt., of Wheat)



The insects were iwared in wide-mouth, 1 quart Mason Jars with 40-mesh
screen 1ids. A Kelthane-tirested filter paper disc was inserted into esch 1id
to prevent attack by predaceous mites, particularly Pyemotes sp, Further
protection against these mites was provided by Kelthane-treated cloths that
were placed on raarihg room shelves, These cloths were replaced by freshly-
treated ones every 2 to 3 wk to maintain residual miticide protection. In
order to prevent escape from or entry into the cultures by insects or mites,
2ll jars vere placed on upside-down petri dishes which had been set in 34.3 cm
x 24,1 em x 1.3 em metal pans containing paraffin oil (Plate I), About 250 gm
of medium was placed in each of 3 Jjars and approximately 200, 2- to 4~week-
old weevils were added to each jar. These were removed after & 7-day oviposi-
tion pericd with a No, 10 and a No. 20 hand siftér (U, 8, Standard Sieve Serios).
Three Jars were set up in this menner each wk and the same parent weevils were
used for 3 wk and then replaced. Newly-emerged adult weevils were removed
daily and placed in separate jars in order to determine their age, within 24

hr, and Jater be used in the screening process.
Sex Determination

The sex of adult weevils was determined by the snout characteristies
given by Richards (1947), The weevils were examined individually under a
dissecting microscope while being held with a Schuce wvacuum aspirator (Schuco
Scientific, New York, New York) (Flate I), During this process the insects
were contained in open pans, the sides of which had been coated with Teflon

to prevent the weevils from escaping.
Preliminary Screening for Resistance

This stage of the screening process was carried out to reduce the numbey
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EXPIANATION OF PLATE I

Figs 1. Culture jars setiing on upside~down petri
dishes in metal pan with paraffin oil,

Fig. 2. OSchuco-Vec vacuun tweezers used in handling
insects.,
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of cultivars under consideration for socurces of resistance and subszeguently
subjected to more intehsive study in the second phase of screening, Methods
modified from those éuggested by Stevens (1966) were used, Fifty sound ker-
1eis of each cultivar were placed in 5.7 enm x 5.7 em x 2 cm plastic test

boxes (Bradley Industries, Franklin Park, Illinois). These vere placed in the
rearing roon with lids removed and remained there for a minimum of 3 wk +to
allow the molsture content and temperature of the grain to eguilibrate with
that ¢f the rearing room atmosphere, Measurement of the moisture ccntent of
cach grain samble by elecironic testers or azir oven was not possible because of
the small amount of grain in each sample, However an open pan of Redlan
sorghun was left in the rearing room and periodic measurementé of moisture con-
tent were made with the Model 919 Motomco Moisture Meter (lMotomeo Inc., Clark,
New Jerscy). Following this equilibration period, 6 female and 3 male, 1ll-day-
old maize weevils of the Maxlecan sirain were added to each hox and removed
after a S-day ovivositios period, Experimental checks consisted of a box with
Double Dwarf{ Barly Shalltc (resistant) and a box with Sugary Feterita (suscep-
tible) which vere infested in the same manner as above each day that a group
of tests were set up (Flate II). The resistant and susceptible qualities of
these two varietiss were demonstrated by Stevens (1966) and later by Hunkapillar

{unpublished daia). Advli progeny were counted and removed every 5 days for

4
-
=

30 days beginning 22 days after parent weevils were removed from the boxes.

R
Appraximayeigxhnlf of the cultivars wers infested bstween the dates April 4 and
April 21, 1969 (Gr;ﬁp I) while the remainder were infested between July 7 and
August 6, 1969 (Group II). The mean and standard deviation of the number of
progeny bper box was caleilated for the resistant and susceptible checks in
both grouss, All eultivars that yielded as few or fewer progeny as their

gppropriate resistant check, within at least 2 sizndard deviaticns, were
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FLg. 15

Fig. 2.

EXFIANATIC OF PLIATE IX
FPlastic boxey and lids each containing 50
seeds that wore infested with 6 famale and
3 nale maize weevils,

Sugary Felerita and Double Duwerf Ear!
Shallu, the susceptitls and resistant check
varieties, The number of progeny that
emerged from sach sample is shown,
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selected for further screening. This included, at minimum, 95.4% of those
cultivars that had a level of resistance as high as or higher than Double
Dwarf Farly Shallu assuning that this variety has a normal distribution as to

resistance.
Secondary Screening Tor Resistance

Due to unreplication, the previous tests ware,rélatively insensitive in
that many of the cultivars selected were actually not as resistant as they
appeared to be. This can be explained by the inherent variance present in the
- weevil population and in the susceptibility of the cultivars. In order to
detect these, a secondary screening was carried out with those cultivars
selected in the previous test. The procedure ﬁas identical to that used in
p?eliminary screening except that 3 boxes of each cultivar were set up and
the Avkansas strain of the maize weevil was used (Plate II). The mean nusber
of progeny per box of each cultivar was compared with the mean of the resis-
tant check by using a t test for groups with unequal numbers of samples

{Snedecor, 1956).
Studies on Factors Influencing the level of Resistance

Effest of Forulation Density

The objective of this test was to determine what effect increasing the
number of karnels of & resiétant sorghum cvltivar available to a given numbsr
of test Insects, in a standard plastic test box, had en the number of progeny
produced by these weevils, Groups of 5 boxes each containing eithsr 25, 50,
100, or 15C sesds per box were set up. This was dons feor both the Arkansas

end Mexican sirains of maize weevil, 3ix female and 3 male, 10- to li~day~old
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maize weevils of the appropriats strain were added to each box and were removed
after a 5-day oviposition period. Progeny counts were made in the same manner
as previously described, Ap estimate of the direct effect of a given change

in the number of seeds on the nmumber of progeny was determined by linear

regression analysis. Correlation coefficients were also computed,

Effect of Strain and Species of Weevil Used

This experiment was conducted to determine if different strains and
species of stored-product weevils produced different numbers of progeny on
the resistant grain sorghum, Double Dwarf Early Shallu. Five boxes each were
set up for each of the following species and strains of stofed—product weevilst
Mexican maire weevil reared on sorghum, Mexican maize weevil on corn, Arkansas
mzize weevil, Kansas rice weevil, Georgia rice weevil, and a Kansas strain of
the granary weevil all of which wers reared on wheat, Six females and 3 males
were placed in each box for a 5-day oviposition period, then removed. Progeny
counlis were made in the same manner as described previeusly. The data were
analyzed with a one-way analysis of variance and Duncan's new multiple range

test (Duncan, 1955),

Effect of Relative Humidity and Moisture Content

o=t e

The principal objective of these fesis was to determine what effect 3
relative humidities and the resulting equilibrium moisture contents of 3
varieties of sorghum had on the number of progeny produced by the Arkansas
majze weevil, As a secondary objeciive, an attempt was mede to detect dif-
ferences between equilibration moisture contents of these varieties at dif-
forent relative humidities, Constant humidity chambers were constructed from

31 em x 20,5 cn x 11 em polyethylens food contairners with sealing lids
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(Kepublic Folding Corp., Chicago, 11linois) (Plate III), The following

saturated salt solutions were placed in each of 3 chambears: SrClZ, NaBr, and
KZCOB'
70,83%, 57.70%, ard 42,763 respectively at 25° €. The rearing voom where

According to Solomon (1951), these produce relative humidities of

these chambers were kept was held at 26,6% .6° C, Two~mesh hardware cloths
provided a platform above the éolutinn upon which the test boxes rested., Tesl
boxes were the same as those used previously except they had 60-mesh seresn
inserts to allow ample ventilation, These inserts were installed by the
method described by Swoyer (1970). In each humidity chamber, 5 boxes with 50
seeds in each were set up for Double Dwarf Early Shallu, Redlan, and Sugary
Feterita, Each box was infested with 6 female and 3 male ll~day-~old maize
weovils of the Arkansas strain. These were remo&ed after 5 days and progeny
counts made in the mammer previously described. A filled box of each variety
was placed in ezch hunidity chamber for moisture testing. A vacuum oven method
of measuring moisture content of single kernels, described by Oxley (1948) and
modified by Bell {unpublished data) was used zbout a month later. Thiriy-
five kernels of each variety and from each humidity were tested to determine
if significant differences exisied between varieties from the same humidity,

& two~way anslysis of variance was used to detect differences between the
nuber of progeny produced at 3 relative humidities and in 3 varieties. This
analysis was also used in detecting differsnces in moisture.contents in these

same humidities and varieties,
RESULTS AND DISCUS3ION

Prellminary Sceresning

For convenience, the cultivars were placed in 2 groups for preliminary

sereening, Cultivars in Group I were infested between tha dates April & and
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EXPIANATION OF PLATH III

Fig. 1. Polysthelene containers used as constant
huwidity chambers,

£lastic bexes with sereen inserits to pro-
vide ventilation.
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Fig, 3. Veocuum oven apparatus used in deltermining
moisture content of the grain.



