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PREFACE 

Several studies were conducted to gather informat1on of the life 

cycle of the alfalfa seed chalc1d <ASCl as 1t occurs 1n Oklahoma. The 

first study examined the spring emergence of the ASC us1ng seed ob­

tained from various locat1ons in Oklahoma. The second study examined 

the adult f1eld populations us1ng field samples. The th1rd study 

examined the seasonal infestation in alfalfa seeds at weekly 1ntervals. 

Early season alfalfa seed crops avoided pea~ populat1ons densit1es 

of ASC and had low percentages of ASC damaged seed and low percentages 

of ASC that entered diapause. Late season seed crops had higher 

percentages of ASC damaged seed and percentages of ASC that entered 

di apause. 

I would like to than~ all of the people who ass1sted me with this 

project. Most of m~ gratitude is to my major adv1sor, Or. Joseph 0. 

Moffett, for his un1que style of assistance, intelligent suggestions, 

and support. I would also li~e to thank the members of my comm1ttee, 

Dr. Richard Berberet and Or. John Caddel, for the1r suggestions and 

straightening me out when I needed it. would espec1ally l1ke to 

than~ Dr. Ronald McNew for his assistance with the stat1stical analys1s 

of the studies. 

would like to thank Johnson Seed Company in En1d, Hobart Seed 

Company in Hobart, Hal McCormick in Woodward, and Marcus Terry in Gate 

for supplying the seed used in the spring emergence study. I would 
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like to thank Mr. John McCrosky, the O.S.U. Agronomy Department, Mr. 

Dale St1dham, and the South Central Research Station for the use of 

their alfalfa fields. 

Last, but not least, I would like to thank mv parents and ffiY 

brothers for the1r support and encouragement whenever I needed help and 

reassurence. 
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CHAPTER I 

INTRODUCTION 

Statement of Problem 

The alfalfa seed chalcid !ASCI, ~[Y£bQQb§QY! [Qddl Gussako~s~11., 

is a cosmopolitan insect of econom1c importance where~er alfalfa 

ltl~~l~iqQ ilil~i L.l seed 1s produced. Adult ASC are 2-3 mm long and 

Jet bl~c~ 1n color. Immature ASC de~elop 1ns1de seeds, protected br 

the seed coat, and adults are act1ve 1n f1elds at the same t1me as 

beneficial pollinators. As a result, there is no safe and effect1ve 

chem1cal control for the ASC. · Current ASC control methods in the 

Western states are cultural methods. There are currently no ASC con­

trol methods widely used in Oklahoma by alfalfa seed producers. Many 

producers are unaware of extent of seed loss due to ASC because dam~ged 

seed is l1ghter in weight and most of it is remo~ed with other debris 

dur1ng threshing (Bacon et al. 19591. Est1mates of ASC infested seed 

have ranged up to 1-91% in the United States !Urbahns 1920). In Okla­

homa, Ahring et al. (19841 reported seed losses due to ASC ranging from 

12-71%. 

Alfalfa Seed Production in O~lahoma 

Oklahoma is fifth among alfalfa seed producing states in terms of 

annual product1on. From 1929 to 1949 most alfalfa seed was produced in 

1 
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the plains states (Kansas, Oklahoma, Nebraska, and M1nnesotal and 

Idaho. Oklahoma was the leading producer of seed in 1938, 1944, and 

1949. Start1ng 1n 1950 and continuing to the present, Californ1a, 

Washington, and Idaho have dom1nated seed production IU.S.D.A. Agri-

cultural Statistics 1929-1981). Oklahoma re«1ains a leading alfalfa 

seed producer among the plains states. In 1978 to 1980, Oklahoma had 

an average production of 15 million kgs 1 worth about $5.4 mill1on per 

year ITable Il. Th~s, alfalfa seed is an important crop in O~lahoma, 

and further understanding of the life system and control of the econo-

m1cally important ASC 1s needed. 

Measurement 

TABLE I 

O~LAHOMA ALFALFA SEED PRODUCTION 
AND VALUE - 1q79 TO 1980 * 

Units 1978 1979 1980 Average Nat. Ran~ 

----------------------------------------------------------------------
Area Harvested Hectares 27 1 Q(l(l 241000 27,000 261000 4 
Yield I Hct. Kgs. 145 125 1'1"" 132 7 I L..J 

Production 1 '000 I< g s. 17,582 12,400 15 1 157 15,046 5 
Value 1 '000 $$ 6,380 4,669 -=: ~..,~ 

,,.} 'LLI.I 5,425 7 

* U.S.D.A. Agricultural Statist1cs 1981 

Scope and Objectives 

Before ASC control measures can be developed, the life system •ust 

be investigated. To aid the understanding of the ASC life system in 

Oklahoma, the following studies were established, each focusing on 



several factors. 

The first study was designed to 1nvestigate spring emergence of 

ASC and its parasites from seed screenings obta1ned from four locat1ons 

in Oklahoma during fall 1n 1982 and 1983. ObJectives of the emergence 

study in 1982, were to determ1ne spring emergence patterns of adult ASC 

and its parasite~, and extent of parasitism present 1n o~erwintered 

seed. In 1983, the objectives 1ncluded those of 1982 and were expanded 

to 1nclude species determ1nation of ASC parasites present, and sex 

ratios and tim1ng of male and female emergence of ASC and paras1tes. 

Also, the second year emergence of ASC and its paras1tes from the seed 

collected in 1982 was observed. 

The second study 1nvolved f1eld collections of ASC and 1ts para-

sites w1th sweep net samples dur1ng the summer in 1983 and 1984. 

Objectives of the population study in 1983 were to determine seasonal 

occurrence of peak populations of adult ASC and parasites and estimate 

the number of ASC generations 1n O~lahoma. In 1984, the obJectlves 

included those of 1983 and were expanded to include spec1es determ1na-

tion of ASC paras1tes present and sex ratios as well as seasonal popu-

lat1on pattern~ for ASC and parasites. 

The third study was designed to investigate ASC infestation level~ 

in alfalfa seed from weekly samples throughout summer in 1983 and 1984. 

Objectives of this study were to determine the seasonal pattern of ASC 

infestations, and the seasonal occurrence of ASC in d1apause. 

Combining the information gained from these three studies, a time 

per1od was sought at which an alfalfa seed crop could be produced to 

a~oid peak populations of adult ASC, and have the least amount of ASC 

damage. Also, it is desirable to allow the fewest ASC possible to 
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reach the d1apausing prepupal stage and survive the overw1nter1ng 

period. By using th1s information, alfalfa seed producers 1n Oklahoma 

may be able to mod1fy their present seed grow1ng practices to reduce 

ASC losses. 



CHAPTER II 

GENERAL LITERATURE REVIEW 

Classification 

The alfalfa seed chalcid IASCl 1s 1n the Order Hymenoptera, Super­

family Chalt1do1dea, and Family Eurytomidae. A common misnomer is that 

this insect is a fly, with many alfalfa producers know1ng the insect as 

the chalcis-fly. This m1snomer occurs because early Farmer's Bullet1ns 

used this term (Sorenson 1930, 1934; Urbahns 1914, 1916, 1920}. 

Genus and species classifications of the ASC have changed several 

ti~es since it was first desc~ibed. Strong (1962al ga~e the best 

synopsis of the name changes that have occurred. A summary of h1s 

find1ngs is listed in the following paragraph. 

The ASC was first described in Scandinavia as s~CYlQ~~ gi~~~ by 

Boheroan 118361. Howard 118801, working in North Amer1ca, described the 

sa~e spec1es as ~~CY!~ffi~ t~ng~ci2· Ashmead 118941 descr1bed the genus 

~~~£QQ~Q~g~2 and included ;~CiiQffi~ t~n~~~~§ Howard under this classlfi­

cation. Girault 119161 renamed the insect as ~C~£QQ~~iqy~ t~n~~[i2 

Ho~ard. All subsequent work has used ~CY~bQQbi9Y~ as the genus for the 

ASC. Rodd et al. 11933) reported a chalcid species emerging from 

alfalfa and named it ~~~£~Q~~ig~§ ~Q~~l Gussakovsk1i, but th1s name was 

regarded as a synonym of~~ qi~~~§ IBohemanl. Later, researchers 

reported differences in members of this species infest1ng different 

5 
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plants. kolobova 119501 was first to suggest that~~ g!b~~~·~1ght 

actually be a complex of species. Nikolskaya <19521 found morphologi­

cal differences 1n the chalcids emerging from red clover l![lfQll~~ 

~r§!~D~E L.l and alfalfa ~~~Q!f~QQ §~!i~§ L.l. He split the classifi­

cation into ~~ [QQQi for the chalcids from alfalfa and ~~ gi~~~§ for 

the red clover chalcids. Fedoseeva \1954, 1956, 19581, Hansen 119551, 

and Neunz1g and Gyrisco 1195Q) confirmed the validity of the di~lsion 

through morphological and host relationship studies. Fedoseeva (1Q56l 

also showed evidence of a third species, nam1ng it ~~ hQlQ~QYi~ 

Fedoseeva. Strong 11962al studied the female genitalia of the complex. 

He found ev1dence for three different species~ ~~ qi~~~~. £~ tQlQ~QYi~· 

and~~ [QQQi· He also d1d host spec1f1c1ty studies and found ~~ giQQ~E 

Infested only red clover, ~~ t9l9QQY~E infested only trefoil lbg!y§ 

sp.l, and~~ [QQQi infested both alfalfa and burr clover ~~~ bE§QlQ§ 

Gaertner). The common names he assigned to the three species are the 

clover seed chalcid, trefoil seed chalcid, and alfalfa seed chalc1d. 

ASC Life Cycle and Description of Life Stages 

The ASC is ~ small <2-3 mml phytophagus wasp which infests seeds 

of certain ~~Q!f~gg species. Adults are ma1nly jet-black, with yello­

wish brown legs. Wings are clear with only one compound branched ve1n. 

Female and male adults are distinguished by differences in antennae. 

Antennae of males are moniliform and covered with whorls of long, 

light-colored hairs, on each of the 11 segments. Antennae of females 

also have hairs, but they are very fine and short and thus hard to 

observe. The 10 antennal segments of the female are much less pro­

nounced than in the male (Sorenson 19301. Adult ASC are distingui-
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shable from other wasps of the same general size by the jet-black color 

and a thorax covered with small th1mble shaped proJections <Butler and 

Hansen 1958!. 

Ov1pos1t1on occurs while pods are still green and seeds are imma­

ture. Seeds are most suited for ovipositlon 8 to 10 days after they 

beg1n to form <Strong 1962bl. The o~ipositor is inserted through the 

pod and seed coat, and eggs are usually placed singly into the develo­

ping seed. Location of eggs in a green seeds can be determ1ned bv 

observing a brown scar of necrot1c tissue caused by insertion of the 

ov1positor through the seed coat. The scar remains v1sable for about a 

weel after the egg is 1nserted <Strong 1962bl. 

Eggs average 0.2 mm in length and are smooth s1ded and ell1pt1cal. 

One end is sharply pointed, while the other end terminates 1n a long 

slender tube <Sorenson 19301~ The egg is milky-whlte when laid, but 1t 

gradually becomes translucent (Strong 1962bl. More than one egg may be 

inserted 1nto each seed, but only one ASC completes development <Tin­

gley and Nielson 1974, 1975!. Gravid females conta1n from 24 to 66 

eggs with an average of 42 (Sorenson 19301. Developmental time for 

eggs ranges from 1-6 days <Strong 1962b, Sorenson 19301. 

Each larva of the ASC feeds on the internal contents of a single 

seed, eventually hollowing it out. Only the seed coat is left intact. 

Sorenson 11930) found that only 11 of larvae loriginat1ng from eggs 

laid in older seeds) could not eat the endosperm faster than it 

developed. These larvae were e~entually crushed within the seed. 

Developing larvae are completely white, except for dark mandibles. 

Sorenson (19341 observed no definite larval instars of the ASC and 

thought larvae molted irregularly until maturity was reached. Strong 
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(1962bl measured larval body and mand1ble lengths to d1stinguish larval 

instars. Batiste (1967al found five larval instars in the trefoil seed 

chalcid and speculated that the ASC mav also have five instars. Strong 

(1962bl reported the average length of time required for ASC to reach 

the last instar was 12 days at 24-27°C. He also found that early 

instars do not defecate, with the result being gray coloration in 

prepupae due to the fecal material contained in the body. Prepupae 

either defecate and molt to pupal stage, or enter diapause prior to 

pupation. If a prepupa enters dtapause, defecation does not occur 

unt1l diapause is terminated. Diapause can be entered at any t1me 

throughout the summer <Bacon et al. 19641, but Antonova and Bazvleva 

\19741 found most d1apaus1ng ASC came from the second seed crop of the 

year. Diapause is term1nated by a pertod of cold temperature <Strong 

1962bl, or comb1nation of cold and lengthen1ng photoperiod (Nlelson 

1976). A period of intense cold may actually 1ncrease ASC vitality 

(Kralovic 19711. 

Sorenson (19301 described var1ous color changes that distinguish 

one substage of pupal development from another. Strong (1962bl dist1n-

guished one prepupal stage and four pupal substages as follows: pre-

pupa - a short, white, thickened larva exhibiting no movement; pupa 

one - eyes and body white in color: pupa two - eyes pink to red in 

color with a yellow1sh body; pupa three - eyes brown in color with a 

blac~ abdomen and a yellowish thorax; and pupa four - eyes brown in 

color with an entirely blac~ body. A mature pupa has its legs, wings, 

and antennae folded closely to the body, which 1s encased in a thin 

transparent pupal skin. 0 At 25 C, the average length of time for deve-

lopment from egg to adult emergence varied from 21 days (Butler et al. 
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1968), to 27 days <Strong 1962bl. 

Adult Behavior 

The adult ASC chews a c1rcular hole through the hardened seed coat 

(and pod, if present) and emerges through it. Males emerge f1rst, and 

mating occurs soon after the females emerge (Sorenson 1930>. Mat1ng 1s 

not needed for ovipos1tion, and the progeny of virgin females are 

always male <Urbahns 1920). Early sources of seed for ASC 1nfestat1on 

are the volunteer plants wh1ch ma~ be growing in ditches and s1m1lar 

noncult1vated areas. Usually culti~ated alfalfa is managed so that a 

seed crop is not produced unt1l se~eral months later 1n the season. 

ASC may complete two generations on the noncultivated hosts before seed 

is available in cultivated alfalfa <Bacon et al. 1964). Adult popula­

tlons increase from spring to late summer and high infestation levels 

may occur by late season <Antonova and Bazyleva 1974}. As many as 

three or four overlapp1ng generations may occur in warmer reg1ons of 

the U.S. <Bacon et al. 1959). Two generations are reported from most 

of Russia <Antonova and Bazyleva 1974}. 

Urbahns (1914> observed that seed chalcids are strong fliers. 

S1nce they are small, ASC mav be carried over long d1stances by w1nd. 

Carr1llo and Dickason (1963} placed stic~y traps at various angles to 

prevail1ng winds and found more chalcids in traps placed at right 

angles to the wind. They did not make any conclusions with this data 

due to low numbers of adults collected in the traps. Recapture studies 

using radioactively tagged ASC showed that 1n winds up to B km per 

hour, dispersal was in any direction, while in stronger winds it was 

predominantly downwind. This same study also showed the ASC leaving 
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fields with few or no seeds available for oviposltion by flying upward 

until a strong wind is encountered and then moving long distances 

downwind <Strong et al. 1963). Carrillo and D1ckason <1963) found more 

chalcid activity in sunny areas. Johansen and Retan (19741 observed 

chalcids resting in any area that provided shade. 

Hale and Fronk (1967) stud1ed ASC reactions to light and found a 

great attractance to ultraviolet light frequencies of h1gh intensity. 

Many of the very small parasitic Hymenoptera are attracted to black­

light traps <Burbutis' and Stewart 1979, Hollingsworth et al. 1970, and 

Stephen 1979), suggest1ng the use of black light traps as a poss1ble 

sampling dev1ce of ASC populations. Strong <1962bl found that ASC 

fem2les ov1posit 1n dar~ness 1 suggesting activity at n1ght when the 

blac~ light traps would be in operation. Whether or not the ASC would 

be caught in the light traps depends on which attractance is stronger: 

ultraviolet light or alfalfa plants. Olfactory response of the ASC has 

been determined to be greatly involved in their attraction to seed pods 

of ~~Qi£~QQ spp. and also in stimulation for oviposition <Brewer et al. 

1982b, Kamm and Fran~ 1964, Tingley and Nielson 1974). Butterv and 

Kamm (1980) and Paxton and Burkhardt <1970) reported on chemicals 

occurring in alfalfa that are attractive to ASC and may el1c1t an egg 

laying response. They reported positive attractance and ovipositional 

activity from 50% of female ASC when exposed to any of the following; 

citric acid, linoleic acid, ole1c ac1d, or niacin. 

Erdelyi and Manninger (1978) found the presence of a female phero­

mone in the ASC. 
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Damage by the ASC 

The ASC 1s of economic importance wherever alfalfa is grown for 

seed. Many producers are unaware of the extent of losses due to the 

pest because the ASC 1nfested seed is lighter than healthy seed and is 

re~oved w1th debris during the threshing process (Bacon et al. 1959). 

Loss estimates of 8-13/. were reported by Sorenson (1934) 1 12-71/. were 

reported by Ahring et al. <1984), and losses up to 91% were reported by 

Urbahns (1920). 

Sorenson <1930) found ASC 1nfested seeds are usually discolored, 

m1sshapen, and smaller than healthy seeds. Discolorat1on results in a 

mottled greenish-brown, brown, or dark brown appearance compared to a 

un1form shiny tan healthy seed. Misshaped seeds are shrunken and 

angular instead of the usual plump shape. Much damage may be caused by 

the breaking of the sterile env1ronment of the seed by ovipositor 

insertion. This creates an opening for the attack of micro-organisms 

as well as producing mechanical inJury. Evidence of chalcid damage 

i~cludes presence of emergence holes in seeds or presence of larvae or 

pupae within seeds. 

Frequently, more than one seed 1n a pod is attacked by the ASC. 

Erdelyl et al. (1979) found the maximum damage was inflicted to pods 

with four or fewer seeds. 

Sampling for ASC Damage 

Variation is found in methods in which seed samples are obtained 

and analyzed for 1nfestation by different workers. Seed damaged by 

other insects, freezing, and disease may be confused with ASC damaged 
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seed !Booth 1969, App and Manglitz 1972). Accurate determination of 

infestation lS accomplished by m1croscop1c examtnation of seeds (Strong 

1960). He also suggested a sampling technique consisting of glu1ng 

seeds onto paper in thin columns to speed up microscopic determination 

and to decrease costs. 

Several workers have developed other methods for ident1fy1ng ASC 

damage. Watts et al. (19671 developed a uric ac1d (the main constl­

tuent of insect excrement! analysis wherein Infested seeds undergo a 

noticeable color change when placed in an ammon1a atmosphere. Booth 

\19691 developed a technique to calculate the percent of tnfested seeds 

based on the content of uric acid 1n a solut1on of crushed seeds. HlE 

technique involved 1ncubat1ng the crushed seed solut1on w1th the enzyme 

uricase, observ1ng the opt1cal dens1ty of the supernatant, and us1ng 

this number in a regression equat1on to calculate the percent 

infestation. 

Parasitism of the ASC 

Parasites of the ASC include n1ne species of Hymenoptera <Table 

Ill. Butler and Hansen (19581 and Butler et al. (19681 published keys 

for the ASC parasites. All of parasites have similar life cycles. 

Females ov1posit 1n seed containing ASC larvae or, on rare occas1on, 

pupae. Paras1t1c larvae consume the entire immature ASC and either 

pupate or overwinter as d1apausing pupae. Emergence is by chewing a 

hole in the seed coat in the same manner as the ASC. 

Reports of total ASC parasitism <all species combined) varied 

among studies, as follows: 7-47/. <Sorenson 19301, 6-217. (Sorenson 

19341, 3-63/. <Butler and Hansen 19581 1 and under 2% <Brewer and Harber 
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1982). Predominate parasitic species 1n an area may change from year 

to year !Brewer and Harber 19821. Sorenson 119301 and Bacon et al. 

119591 reported that parasites were of minor importance in regulat1ng 

ASC populations, while Wildermuth 119311 reported that paras1tes often 

reduced the number of ASC which resulted in less damage to the seeds. 

Saunders and Hsiao 119701 created a successful means of rearing the 

parasite ~~~lt~~[Y~ Q[Y£b9Qb~9! (Gahan) under laboratory conditions. 

TABLE II 

BIBLIOGRAPHY OF CHALCIDOIDEA PARASITES OF THE ASC 

Family Scientific Name !Plus Synonyms) Citing Literature 

Pteromalidae ~g§QQQlQQY§ J=amQlymgry§~ =;~t~lg§l 
Q[!:!fbQQb~gi (Gahan) a, b, c 1 d 1 e 1 f, g 

It:.!.!!!~t:.Q!!!!.£t:.l.:!.~ !~£':!t~ti.:!.E Gahan a I b I f I g 

tl~~[Qt;Y.tl.:!.~ I!~Q.!.t;_~gi!li.§ Gahan a I b I C I d 1 e' f I g 

Torymidae b!.QQ.Q!lhQ~~[I.:!.E i.!l~':!~h'!§ Gahan a, b I g 

!::.. Q.~[Q.!.~~I,!~ Gahan a I b I c' d I e I f I g 

Eulophidae Igtt:.!!§t!.£1:!1.:!.§ Q.[\!t;t!QQ.IJ.!!g!. Gahan a I b 1 d I e I f I g 

I~ g!!_\:!§h'!~ Gahan a I b I g 

Eupelmidae ;I.:!.P.~!.!!!~U!! l~I1!!£[Q!l~l![!!~ 
Y.~~!.£1.:!.!.!![!.§ IRetziusl a, b I e I f I g 

~I!P.~!.!!!I.:!.§ !! !.!.'i D. !.!. <French) a' b I g 

a, Butler and Hansen <19581; b 1 Urbahns 119201; c 1 Sorenson 119301; 

d 1 Sorenson 119341; e 1 Neunzig and Gyrisco 11959>= f 1 Peck 11963l; 

g, Krombien et al 11979) 
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ASC Control Methods 

Trad1tional ASC control has consisted of cultural methods. Cul­

tural control methods fall into two major types: sanitary and crop 

timing. San1tary methods include: culti~ation to bury infested seed, 

el1minating harvest residue <mainly by burn1ngl 1 keeping field marg1ns 

free of volunteer alfalfa, and destroying screenings after seeds have 

been cleaned. Methods of timing seed production include: using co­

operatlon between producers to adopt a uniform plan for t1m1ng of seed 

production and harvest over large areas of land, management of seed 

crop so that seeds are set early and o~er a minimum period of time, and 

producing the crop early in summer to avoid the major populat1ons of 

the ASC in the field <Bacon et al. 1964, Harpaz 1978, Homan and Water 

1974, Johansen and Retan 1974, Sorenson 1q30, Wildermuth 1931>. Com­

blnations of several of the above listed cultural methods are commonly 

used. Cultural control methods do not provide 100% control of the ASC, 

but have reduced losses from 70% to 47. (Harpaz 1978>. 

Many insecticides are effective for control of ASC, but they are 

also destructive to the alfalfa pollinators <Antonova and Bazvleva 

1974, Bacon et al. 1964, Mateias et al. 1979, Naideno~ 1977, Sapanaru 

and Sandru 1973, Shelikhov 1978, Stokovskaya et al. 1977>. Benede~ et 

al. (1972> studied the diel act1vity of ASC adults and found them 1n 

the upper foliage at night, where they could be accessible to insectl­

cides when the pollinators are not present. 

Procedures of screening for ASC resistant plants were formulated 

<Nielson 1967, Nielson and Schonhorst 1965). Howe and Manglitz (1961) 

reported differences in the amount of ASC infestation on different 
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alfalfa cultivars. Strong (1962cl tested 40 alfalfa cultivars for ASC 

resistance and found the lowest infestation levels on non-dormant, non­

variegated types such as 'lahontan' and 'Hairy Peruvian'. The most 

susceptible cultivars were the dormant, variegated cultivars orlgina­

ting from northwest Europe. He found no so called "light" lless than 

10%) seed infestations among select1ons, but thought his f1nd1ngs 

warranted further investigation. Rowle~ and Haws 119641 found resis­

tant strains or1g1nating from Afghanistan while the most suscept1ble 

stra1ns were from Europe and 'more northern countries', Nielson and 

Schonhorst (19671 tested thousands of alfalfas from around the world 

and found s1gnificant differences in ASC susceptibility. The most 

resistant cult1vars were Lahontan, Hairy Peruvian, 'Z1a', 'Ranger', 

and · A-224 ·• 

Tingley and Nielson 119151 determined that res1stance in alfalfa 

to the ASC is through non-preference and that antibiosis is not a 

factor. Recent work has concentrated on natural features of var1ous 

alfalfa clones wh1ch inhibit ASC ov1position. Small and Brooks 119821 

found that tightness of the pod's coil could protect seeds from ovi­

position. Brewer et al. 11983al found a negative correlation of ASC 

infestation with the density and length of erect glandular hairs of the 

pods. 



CHAPTER III 

SPRING EMERGENCE AND INTERACTION OF THE ASC 
AND ITS PARASITES IN OKLAHOMA 

Introduction 

The alfalfa seed chalcid IASCI, ~[~~hQRh~g~~ [Q~~t Gussa~ovskii 1 

overwinters as diapausing prepupae in seeds of alfalfa, ~~~!~~gg ~!tlY~ 

L. IUrbahns 19201. Termination of diapause in the ASC was investigated 

by Nielson 11q761 who reported that termination was caused by factors 

of chilling as well as lengthening photoperiod, with some ASC staying 

in diapause for up to two years. Sorenson 119301 reported that male 

ASC emerged faster and were more numerous than female ASC. Spring 

emergence of ASC parasites in relation to ASC emergence has not been 

Investigated for every parasite species, but Saunders and Hsiao 119701 

reported that peak emergence of Q~~ly~g[~~ ~[~~hQRh~qt <Gahan) occurred 

before the ASC peak emergence while peak emergence of btQ~Q~tQ~~[~~ 

~~[~l~~~? Gahan occurred after the ASC. 

The objectives of the 1982 study were to determine the spring 

emergence patterns of ASC and its parasites from alfalfa screen1ngs 

obtained the previous fall, and estimate the extent of parasitism found 

in overwintered seed. In 1983 1 the objectives of this study Included 

those of 1982, and were expanded to include species determination of 

ASC parasites present, as well as sex ratios and timing of male and 

female emergence of ASC and parasites. Also, the second year emergence 

16 
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of ASC and its parasites from the seed collected in 1982 was observed. 

Materials and Methods 

Alfalfa screenings from the fall harvest were used as a concen­

trated source of infested seeds because screenings frequently contain 

large numbers of d1apausing larvae of both ASC and ASC parasites 

IUrbahns 1914). Also, screenings may contain 40 to 50 infested seeds 

per 1000, while as few as one to two seeds per 1000 In cleaned seed mav 

be infested IAntonova and Bazyleva 1974), Screenings were obtained 

from four areas in O~lahoma after fall harvest in 1982 and 1983. The 

area~ were: Hobart (Southwest) 1 Enid <Northcentral), Wood~ard !North­

west), and Gate (far Northwest!. Screenings were cleaned in the labo­

ratory with a Dahota seed blower and by hand to remove chaff, dirt, and 

foreign seeds. 

A one liter sample of cleaned seed was used from each source in 

each year. Each sample was subdivided Into 10 equal parts of 100 ml 

(ca. 50,000 seeds). Each subsample was spread evenly in a one l1ter 

carton to a depth of not more than 1.5 em so that all adults effierging 

could free themselves. Cartons were painted black Ito reduce l1ght 

passage through the cardboard), and an easily remo~able glass v1al 

(four dram s1zel was Inserted into an opening cut In the side of each 

carton (Figure 1 and Figure 21. Brewer 11982) reported that emerging 

adult ASC are positively phototropic, and the vial serves as both an 

attractive light source and a collecting trap. 

Cartons were placed in an outdoor cage located on the Agricultural 

Research Station In Stillwater, Oklahoma. The cage was constructed of 

four 10x10 em posts, a tilted plywood roof Ito shed rain and snow) 1 
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Figure 1. Outside View of a Rearing Carton 

Figure 2. Inside View of a Rearing Carton 
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and chicken wire sides. Bacon et al. 119641 found s1gn1ficantly higher 

emergence of ASC from seeds placed in rearing cartons than directly on 

soil and attributed soil ~oisture as the cause. To keep rear1ng car­

tons as dry as possible they were elevated ca. 10 em from the so1l 

surface and covered w1th plywood. 

Cartons contain1ng alfalfa seed from fall harvest 1n 1982 were 

placed in the cage 1n early November, 1982. Adult ASC and paras1te 

emergence was observed from these seeds during the spring 1n 1q83, and 

again in 1984. Additional cartons contain1ng alfalfa seed from fall 

harvest of 1983 were placed in the cage in early November of that year. 

In 1983 the cartons were placed directly on top of those from the 

prev1ous year !Figure 31. Arrangement of cartons cons1sted of four 

rows of 10 cartons. A single ro~ of cartons was from a s1ngle source. 

Placement of the different s~urces was from east to west with Sate to 

the far east followed by En1d, Woodward, and Hobart on the far west. 

Starting on April 1 each year, cartons were checked daily until 

emergence started !Figure 41. Samples were collected weekly during 

1983, and three times a wee~ <Monday, Wednesday, and Friday) during 

1984. Samples of adults were obtained by removing (and quickly cap­

ping) any occupied vials and replacing them with empty ones. Occupied 

v1als were brought back to the laboratory and placed in a freezer 

overnight to kill the insects. Identifications were made using a 

stereomicroscope. Samples were sorted as to ASC or ASC parasite 1n 

1983. Data recorded were a composite total of all v1als within a 

location. Samples were sorted as to sex of ASC and sex of each spec1es 

of ASC parasite in 1984. Data were recorded for each ind1vidual vial. 

Sampling continued until emergence ceased. There was no emergence 
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Figure 3. Rearing Cartons Inside Cage 

Figure 4. Checking for Adults 
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of adults durino fall and winter. Parasitic soec1es ident1f1cat1ons 

were made by comoar1son with ser1es 1dentif1ed bv E. E. 6rissell (Sys­

temic Entomologv Laboratorv. IlBIIIl and located in the r. C. Emerson 

Entomological Museum at Oklahoma State University 

Numbers of adults emerg1nq weetly were graphed on a log scale 1n 

order to Illustrate periods of greatest emergence from all four sour­

ces. Percentage of emergence for each wee~ was calculated by d1v1ding 

the numbers of adults that emerged from a source during a g1ven wee~ by 

the total number for that season. 

In 1984. counts of ASC and parasites emerging from each carton 

were recorded seperatelv. Thus, the different seed sources serYed as 

treatments and cartons were repl1cat1ons. Means for locat1on were 

calculated weekly bv totaling all observations made during each wee~ 

(three dates x 10 v1als = 30}_ and d1viding by 10. Standard error for 

each mean was calculated. A 95% confidence interval was calculated for 

each mean by + 2 x standard error. 

Results 

In 1983, the first adult ASC emerged on Mav 2 and emergence con­

tinued until the week of August 5 from seeds obtained in Woodward and 

Gate. Emergence from Enid and Hobart occurred from Mav 2 to the wee~ 

of July 12 1 and the week of May 18 to the week of July 20, respec­

tively. Peak emergence occurred between June 2 and Julv 4 !Figure 5). 

A total of 17,666 ASC emerged fro~ seeds collected at Woodward, of th1s 

12,262 169.3/.l emerged between June 10 and 26 <Table Ill). From seeds 

collected at Sate a total of 4,495 ASC emerged with 2,768 161.57.) 

emerging from June 10 to 26. From seeds obtained at En1d a total of 
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500 ASC emerged with 362 172.4%> emerging from June 10 to 26. Although 

relatively few ASC emerged from seed obtained at Hobart, the seasonal 

pattern was si~ilar to other locations. 

In 1983, ASC parasites emerged from May 2 through August 5 from 

seed obtained at Woodward, Gate, and Enid and from June 26 through 

August 5 at Hobart. Pea~ emergence of ASC paras1tes was from June 10 

to July 12 (Figure 6). From seeds collected at Woodward a total of 714 

parasites emerged, with 493 171.6%) emerging between June 18 and July 4 

!Table IVl. Froffi seeds collected at Gate a total of 973 paras1tes 

emerged, w1th 728 174.8%1 emerg1ng between June 18 and July 4. From 

seeds collected at En1d a total of 2150 parasites emerged, with 1627 

175.6%1 emerging between June 18 and July 4. From seeds collected at 

Hobart a total of 43 paras1tes emerged, with 33 176.7%1 emerg1ng bet­

ween June 26 and July 12. Peak emergence of ASC parasites occurred one 

weeL later than the peak emergence of ASC. 

Total number of adults (ASC and parasites combined) that emerged 

from seeds collected at each locat1on in 1982 were: 18,380 from Wood­

ward, 5 1 468 from Gate, 2,650 from En1d 1 and 82 from Hobart. Per­

centages of the above listed total numbers that were composed of ASC 

parasites were; 81.1% fro~ Enid, 52.4% from Hobart, 17.8% from Gate, 

and 3.87. from Woodward. 

In 1984, the first adult ASC emerged on Apr1l 16 fro~ all loca­

tions and emergence continued until the wee~ of July 13 for Woodward, 

July 20 for Hobart and Enid, and August 3 for Gate. The general 

pattern of ASC emergence apparently shows two peaks for both males and 

females: the major peak of emergence occurred in mid-June, wh1ch was 

prededed by a small peak in mid-May <Figure 7 and 8). However, the 
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Date 

May 10 
18 
26 

June "') ... 
10 
18 
26 

Julv 4 
12 
20 
'"'M ... o 

Aug. "' .J 

TABLE II I 

PERCENTAGE OF ASC EMERGING WEEKLY 
FROM FOUR SEED SOURCES IN 1983 

Location 

Hobart Enid Gate Woodward 

0 1.2 0.4 0.4 
5. 1 4.0 1.1 1.1 

20.5 4.6 2.4 1.8 
7.7 2.8 1.1 .., "' ._'t • ,J 

5. 1 7.0 3.7 17.0 
"')1: ' L..J,b 

.,...., "') 

-...' I • ,_ 17. 5 41.9 
23 I 1 ..,.,. "') 

.J.J • .L. 44.0 "')-r "' L I , ..J 

7.7 7.6 2:.o "' "' ~-·· ..J 

2.6 0.4 6.6 1.1 
2.6 0 0.8 ) 0. 1 

0 (l 0.3 0. 1 
0 0 >O. 1 ">0. 1 

------------------------------------------------------

TABLE IV 

PERCENTAGE OF ASC PARASITES EMERGING WEEkLY 
FROM FOUR SEED SOURCES IN 1983 

Location 

Date Hobart Enid Gate Woodward 

May 10 0 0.2 0.3 0.6 
18 0 0 0 0 
26 0 0.3 0 0. 1 

June 2 0 0.8 0 0.3 
10 0 1.0 0.3 :: .• B 
18 0 7.5 3.5 15.6 
26 14.0 35.6 n.9 48.5 

July 4 32.6 40.0 50.9 23. 1 
12 44.2 11.4 16.5 7.3 
20 4.6 2. 1 3.4 0.3 
28 "') ~ .... ,) 1.0 0.9 0.4 

Aug. 5 "') .., 
L • ._'l >O. 1 0.3 0 

------------------------------------------------------
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peak in mid-May was composed of Significant higher numbers of emerg1ng 

ASC only from seeds collected at Enid and Woodward (Table V>. A large 

percentage of all ASC emergence from each location occurred during the 

month of June, particularly in mid-June dur1ng the peak <Table VI). 

From seeds collected at Woodward a total of 5252 ASC emerged, with 4206 

180.1%) emerg1ng between June 1 and June .,., 
LLo From seeds collected at 

Gate a total of 3296 ASC emerged, with 2430 (73.7/.i emerging between 

June and June 22. From seeds collected at Enid a total of 2579 ASC 

emerged, with 1640 163.5%> emerging between June 1 and June 2:. Onlv 

96 ASC emerged from seeds collected at Hobart and the emergence was 

spread out with no peal emergence. Male to female sex ratios for the 

ASC that emerged in 1984, were 1:1.75 for Woodward, 1:1.4 for Gate, 

1:1.1 for Enid, and 1:1 for Hobart. Male ASC <Figure 7l emerged in 

greater numbers than females -<Figure 8) at all locations through June 

8, after which females became more nuffierous. Males started to emerge 

from all locations during the week of April 20, wh1le females from 

Hobart and Gate started to emerge during the week of April 27 and May 

4, respectively. No males emerged after July 20, and onlv one female 

ASC from Gate emerged after July 20. 

A total of f1ve species of parasites emerged 1n 1984~ 6~ ~~C: 

I~ ~~~~l!~~?· A picture key to the ASC and Its parasites found 1n 

Oklahoma is located in the Appendix. The two maJor spec1es of para-

(9.2%). Other parasitic species occurred very rarely. 

but there was little emergence before June 8. Peak emergence occurred 
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Date 

Apr. 20 

27 

May 4 

11 

18 

25 

June 

8 

15 

22 

29 

July 6 

13 

20 

27 

Aug. 3 

TABLE V 

MEAN NUMBERS OF ASC EMERGING WEEKLY 
FROM FOUR SEED SOURCES IN 1984 

Locat1on 

Hobart En1d Gate Woodward 

Mean 95%CI Mean 95%CI Mean 95%CI Mean 95%CI 

0.8 + 0.2 6.1 + 2.6 (1,4 + 0.4 1.9 + 1.8 

0.5 + 0.3 10.4 + 5.9 1.3 + 0.8 5.0 + 3.7 

0.6 + 0.4 10.8 + ..,. r 
.._\ • ,J 3.7 + 2.5 4.7 + "') r 

.<.o..J 

0.5 + 0.4 24.0 + 3.8 7.8 + 2.3 16.8 + 3.1 

1.5 + 0.8 16.4 + 3.9 9.4 + 2.1 20.7 + 3.6 

1.8 + 1.1 8.3 + 1.4 4.6 + 1.6 16.0 + 4.0 

0.6 ~ 0.4 11.0 + 1.6 4.5 + 2.6 21.2 !10.4 

* * * 1.2 + 0.6 43.4 + 5.8 26.7 + 9.1 91.q ~28.7 

* * * 
1.4 + 0.6 92.1 +16.6 121.0 !28.8 248.9 +73.9 

* * * 
0.3 + 0.3 28.5 + 6.2 95.3 ~14.7 79.8 ~32.3 

* * * 
0.3 + 0.3 4.6 + 3.8 39.3 !11.2 12.7 + 3.0 

0 + 0 1.9 + 0.9 10.5 + 3.1 4.7 + 3.1 

0 + (1 0.3 + 0.3 4.8 + 2.0 0.8 + 0.6 

0.1 + (1,1 0.1 + 0.1 0.3 + 0.3 0 + 0 

0 + 0 0 + 0 0 + 0 0 + 0 

0 + 0 0 + 0 0.1 + 0.1 () + 0 

* Values above and below symbol are significantly different at P~0.05 
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TABLE VI 

PERCENTAGE OF ASC EMERGING WEE¥LY 
FROM FOUR SEED SOURCES IN 1984 

Location 
---------------------------------

Hobart En1d Gate Woodward 
-----------------------------------------------------------

Apr. 20 8.3 2.4 o. 1 0.4 
27 5.2 4.0 0.4 1.0 

May 4 6.3 4.2 1.1 0.9 
11 5.2 9.3 2.4 3.2 
18 15.6 6.4 2.8 3.9 
25 18.8 ' .., 1.4 3.0 "'"" 

June 1 6.3 4.3 1.4 4.0 
8 12.5 16.8 8. 1 17.5 

15 14.6 35.7 36.7 47.4 
22 3 I 1 11.0 28.q 15.2 
29 3. 1 1.8 11.9 2.4 

July 6 0 0.7 3.2 0.9 
13 0 0. 1 1. 5 0.2 
20 1.0 >0. 1 (l. 1 0 
27 0 0 0 0 

Aug. 3 0 (l )0. 1 0 
-------------------------------------------------------

between June 8 and July 6 for males <Figure 9) and June 15 to July 13 

for females <Figure 10). The period of greatest emergence was from 

28 

June 8 to July 6 for Woodward, June 15 to July 13 for Gate, and June 8 

to July 22 for Enid <Table VII>. Approx1mately 90% of the b~ Q~[Ql~~g§ 

emerged between June 8 and July 6 <Table VIII>. Sex ratio of males to 

females was 1:1.6 for Woodward, 1:1.3 for Gate, 1.2:1 for Enid, and 

1:2.4 for Hobart. Male b~ Q~[Ql~~y~ occurred in greater numbers up to 

June 22 and the females were more numerous after June 22. Pea~ emer-

gence of b~ ~~[~t~~~§ was two weeks later than the ASC peaY. emergence. 

but there was little emergence before June 1. Peak emergence of male 
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TABLE VII 

MEAN NUMBERS OF ~!. E~BEb~!IJ§ EMERGING WEEKL V 
FROM FOUR SEED SOURCES IN 1984 

----------------------------------------------------------------------
Location 

-----------------------------------------------
Hobart Enid Gate Woodward 

----------- ---------- ---------- ----------
Date Mean 95%CI Mean 95%CI ~Ean 95%CI Mean 95%C 1 

----------------------------------------------------------------------
Apr. 20 0.3 + 0. ~. 0 + 0 0.4 + 0.4 0 + (i - - - -

27 0 + 0 0 + 0 (l + 0 0 + 0 - - - -

May 4 I) + 0 0 + 0 0 + 0 0 + (l - -

11 0 + 0 0. 1 + 0. 1 1) + 0 0 + 0 - - -

18 (I • 1 + 0. 1 0. 1 + 0. 1 0 + 0 0 + 0 - - - -

25 0 +_ 0 0.7 + 0.7 0 + 0 0. 1 + 0. 1 - - - -

June 0 + 0 0 + 0 0 + 0 0 + (l - - -
* f: * 

8 0.3 + 0.3 1.5 + 1.0 0.5 + 0.4 0.7 + ~ .,. 
tJ • ..J - - - -

* f: * 
15 0.2 + 0.2 11.9 + 5.6 8.9 + 4. 1 5.7 + 2.4 - -

f: 

22 0. 1 + 0. 1 16.7 + 4.2 33.0 ~ 18. 1 10. 1 + 5.6 - -
* 

29 0.9 + 0.8 8.0 + 3. 1 48.3 !20.4 8.5 + 4.2 - -

July 6 0.6 + 0.6 6.3 + 3.4 26.8 !16.0 14. 1 + 7. 1 - - -
* 

13 0.6 + 0.6 2.2 + 1.6 8.8 + 3.4 4.7 + '") '") 
~.L. - - - -

* 
20 0.3 + 0.3 0.6 + 0.6 2.2 + 1.8 1.6 + 1.3 - - -

27 0 + 0 o. 1 + o. 1 0.7 + 0.6 0.6 + 0.6 - - - -

Aug. 3 (l + 0 0 + 0 0. 1 + 0. 1 0. 1 + 0. 1 - - ------------------------------------------------------------------------
* Values above and below symbol are significantlY different at p < 0. (15 -
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TABLE VIII 

PERCENTAGES OF ~~ E;BE~;!~§ AND I~ ~B~~tlQEli~§l EMERGING 
WEEKLY FROM FOUR SEED SOURCES IN 1984 

.,.., _,._ 

-----------------------------------------------------------------------
b~ ll.~!:.llt~~'=!~ I~ ~t:. '=!£b. Qll. b. ~Hl!. 

------------------------- -------------------------
Date Hobart En1d Gate Woodward Hobart En1d Gate Woodward 
-----------------------------------------------------------------------

Apr. 20 8.8 0 0.2 0 0 1.1 5.6 0 
27 0 0 0 0 0 (l (l 0 

May 4 0 0 0 0 0 0 0 0 
11 0 0.2 0 (l (I 0 0 (I 

18 3.0 0.2 0 0.2 0 0 0 0 
25 0 1.5 0 0 (l 1.1 0 0 

June 1 0 (1 0 0 0 3.4 4.7 0 
8 8.8 3. 1 0.4 1.5 I) 14.8 11. 2 22.9 

15 5.9 24.7 6.11 12.3 0 36.3 18.7 25.7 
22 3.0 34.6 25.4 21.11 0 22.7 22.4 2•). 0 
29 26.5 16.6 37.2 18.4 50.0 18.2 ?"' "') .a...J•L 26.6 

July 6 17.6 13. 1 20.7 30.5 0 : .. 4 10.4 0 
13 17.6 4.6 6.8 10.2 0 0 0.9 0 
20 8.8 1.2 1.7 ., "' 

-· • ..J 0 (l 0 2.8 
27 (l 0.2 0.5 1.3 50.0 0 0 0 

Aug. ' (I 0 0.2 0.2 0 0 0.9 () 
~· 

----------------------------------------------------------------------

I~ ~!:.Y£b.Qil.b.!g~ occurred from June 1 to 29 !Figure 111 and females 

emerged in h1ghest numbers from June 8 to July 6 (Figure 121. About 

897. of the T. Q[~fDQQDeQi emerged between June and 29 !Table VIII). 

The sex rat1o of male to female was 1:1 for Woodward, 1:2.3 for Gate, 

1:1.6 for Enid and 1:1 for Hobart. Pea~ emergence of I~ Q[YfDQQbe9! 

was one week later than the ASC peaL emergence. 

Total number of all adults IASC and parasites combined) that 

emerged from seeds collected at each locat1on in 1983 were; 5,749 from 

Woodward, 4,710 from Sate, 3,049 from Enid, and 132 from Hobart. Per-

centages of the above listed total numbers that were composed of ASC 



TABLE IX 

MEAN NUMBERS OF I!. ~~~~1:!QEt!6§! EMERGING WEEKLY 
FROI'I FOUR SEED SOURCES IN 1984 

----------------------------------------------------------------------
Locat1on 

-----------------------------------------------
Hobart En1d Gate Woodward 

----------- ---------- ---------- ----------
Date Mean 95/.CI Mean 95/.C! Mean q5'i.C I Mean 95/.C I 

----------------------------------------------------------------------
Apr. 20 0 + 0 (l. 1 + 0. 1 (l, 6 + 0.6 0 + 0 - - -

27 0 + 0 (l + (l (l + 0 0 + 0 - - -

May 4 0 + 0 0 + 0 (l + (l 0 ! (l 
- - -

11 0 + 0 0 + 0 0 + 0 0 + (l - - - -

18 0 + (l 0 + 0 0 + 0 0 + 0 - - -

25 0 + 0 0. 1 + 0. 1 0 + 0 0 + 0 - -
* 

June (l + 0 0.3 + 0.3 0.5 + 0.4 0 + 0 - - .. 
8 0 + 0 1.3 + 0.9 1.2 + 0. 7 0.8 + 0.5 - - - -

15 0 + 0 3. 1 + 1.1 2.0 + 1.1 0.9 + 0.8 - - - -

22 0 + 0 2.0 + 1.0 2.4 + 1.1 0.7 + 0.6 - - -

29 0. 1 + 0. 1 1.6 + 0.8 2.7 + 1.4 1.0 + (l, 8 - - -
* .. 

July 6 0 + 0 0.3 + 0.3 1.1 + 0.8 (l + 0 - - - -

13 0 + 0 0 + 0 0. 1 + 0. 1 0 + 0 - - - -

20 0 + 0 0 + 0 0 + 0 0. 1 + o. 1 - - -

27 0. 1 + 0. 1 0 + 0 0 + I) I). 1 + I). 1 - - - -

Aug. 3 0 + 0 (l + 0 0. 1 + 0. 1 0 + 0 ------------------------------------------------------------------------
* Values above and below symbol are significantly different at p < 0.05 
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parasites were: 30.7% from Gate, 28.4% from Hobart, 15.5% from En1d, 

and 8.7/. from Woodward. 

The second year 119841 emergence of ASC and I or parasites from 

seeds obta1ned 1n the fall of 1982 occurred from three locat1ons: En1d, 

Woodward, and Gate. Emergence of ASC occurred from two locations 

!Woodward and Gate\ and was sporadic with very low numbers !Table Xl. 

The ASC male to female rat1o was 1.4:1 for Woodward and 1.5:1 for Gate. 

~lQQQ~iQ~~[~? Q~[Q!~~~§ was more numerous than any other species at all 

three sites (Table XII. Male~~ ~~C~l~~~§ were more numerous than 

females, with male to female sex rat1os of 1.1:1 for Woodward, 2:1 for 

than the ASC at Woodward <Table XII>. Male to female se> rat1os of T. 

Q[~fhQQb~g! were 1:1.4 for Woodward, 1:3.0 for Gate. and 1:1 for En1d. 

TABLE X 

SECOND YEAR EMERGENCE OF ASC FROM SEEDS COLLECTED IN 1982 

Date 

Apr. 
May 

June 

July 

27 
4 

11 
18 .,,. 
<....! 

1 
8 

15 
22 
29 

6 
Total 

Locat1on 

Woodward Gate 

Male Female Male Female 

,. 
...! 

5 
3 

2 
2 

20 

2 

2 

4 

14 
_L 

3 
_L 

2 



TABLE XI 

SECOND YEAR EMERGENCE OF h~ t;Rth;!~§ FROM 
SEED COLLECTED IN 1982 

Location 

Woodward Gate Enid 

Date Male Female Male Female Male Female 
--------------------------------------------------------------

June 8 
15 10 1 
22 39 29 4 8 '") 

L. 

29 20 17 
..., 

4 .) .L 

July 6 6 13 6 
..., 
£. 

13 
., _, 9 7 2 

20 2 2 2 

Total 80 7 .... 
•"- 20 11 11 3 

TABLE XII 

SECOND YEAR EMERGENCE OF I~ ~8~~~QEtlB~l FROM 
SEED COLLECTED IN 1982 

Location 

Woodward Gate En1d 

Date Male Female Male Female Male Female 

June 1 
..,. r: _, J 

8 14 13 
15 8 10 1 
'")'") 7 1 L..<. 1 4 
29 1 4 1 

July 6 1 1 
13 1 

Total 26 37 
., _, 6 6 

35 
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Discuss1on 

In Oklahoma. ASC emerged from the middle of Apr1l through early 

August. Pea~ ASC emergence occurred during the month of June. ASC have 

been previously observed emerg1ng 1n late Apr1l in Oklahoma IAhr1ng et 

al. 19841. The general pattern of ASC emergence exhib1ted during th1s 

study agrees w1th the dates presented by N1elson l1976l, e~cept that in 

h1s study ASC emergence ended 1n mid-June wh1le in our study 1t con­

tinued until early August. Urbahns 119201 observed ASC emerging from 

samples held 1n the laboratory as late as September 14, and ment1ons 

that 1n dry "desert" ccndit1ons the d1apausing stage may be prolonged. 

Batiste 11967bl worked with the closely related trefoil seed chalcid 

l~[~~hQ~h~g~~ tQlQ~Q~~~ Fedoseval and reported that low humiditY adver­

selv affected emergence from the seeds. Thus the emergence observed 

during July and August in our study could be due to the dry conditions 

of the rearing cartons extending the emergence Into these later months. 

Sorenson 119301 reported that the earliest emerg1ng ASC are males. 

Data from our study ind1cate that males d1d emerge earl1er than females 

fro~ two of the locations and males did emerge in greater numbers at 

all locat1ons up to early June. Female ASC outnumbered the males In 

Gverall numbers. Apparently, the males emerge first In order to be 

present and ready to mate when the females effierge. 

A total of five species of ASC parasites were found in Oklahoma. 

Butler and Hansen 11958) reported the presence of ~~ ~~[~l~~~~· I~ 

br~~b9Q~9i· and L£ iD~~g!~~ in Oklahoma. The other two spec1es, I£ 

~~~~l~!~§ and ;£ ~llYDii have not been previously reported from 

Oklahoma, but Brewer and Herber 11982) reported both in Kansas. 



Parasites 1n Oklahoma were pr1ncipallv of two species; h~ Q~r: 

Ql~!~~ and I~ ~r~fbQQb!9! wh1ch were the same major parasites reported 

in Kansas by Brewer and Harber 119821. These two spec1es emerged 

dur1ng the same t1me per1od as the ASC, but the emergence was not 

constant through April and May. The scattered emergence that occurred 

could ind1cate that a small percentage of the parasite populat1~n of 

each species overw1nters 1n a sl1ghtv more advanced prepupae than the 

re~t of the populat1on. Pea~ emergence of b~ Q~[Q!~!Y~ was two weeks 

later than the ASC pea¥. emergence. Th1s agrees w1th the find1ngs of 

Saunders and Hs1ao 119701 who reported that late emergence of the 

paras1te svnchron1zed 1ts l1fe cycle w1th the ASC in order to a~sure 

the presence of ASC larvae suitable for parasit1zation. Peak emergence 

for I~ ~[YfbQQb!9! was one week later than the ASC peak emergence. The 

ASC l1fe stage that I~ ~[~£~Q~Q~gi parasitizes occurs roughly seven 

days before the stage that k~ Q~[Q£~~~~ parasitizes <Butler et al. 

19681. Thus I~ ~[~£~QRbigi has also synchronized its life cycle w1th 

the ASC similar to that exhib1ted by ~~ Q~[~l~~~§· Pea¥. emergence of 

males of both species occurred before the females, to allow the •ales 

to be present for mating when the females emerged. Percentages of the 

emergence that was composed of para~1tic species (all spec1es comb1ned) 

ranged from 3.81 to 81.11 over both years. Th1s agrees w1th ranges of 

parasitism reported by Sorenson 11930, 19341 and Butler and Hansen 

119581. The h1gh percentages of oaras1tism found in the study seem to 

indicate that parasites may be an 1mportant regulatory factor on ASC 

populations. 

Urbahns 11920) reported emergence of ASC from seeds held two year 

in the laboratory. Second year emergence of ASC was observed in our 
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study from seed gathered from two locations. Sorenson (19301 reported 

that 1.91% of the total ASC that emerged from alfalfa seed held 1n the 

laboratory resulted from second year emergence. This is higher than 

the 0.2% from Woodward and 0.1% from Gate found 1n our study. No 

previous study has mentioned second year emergence of any of the para­

sites. So it was supr1sing to find the second year emergence was 

predominant'ly made up of ASC parasites. ~iQQQDlQm~r~? Q~rQl~~~? was 

the most numerou~ of all the species that emerged, and I ~rY£bQQb~9! 

also emerged. There was also a higher concentration of males in the 

ASC and ~~ R~CRl~~~~ that emerged. 



CHAPTER IV 

POPULATION SURVEY OF ADULT ASC AND ASC PARASITES 

Introduct1on 

In spring of each vear, adult alfalfa seed chalc1ds !ASCI, ~[~~~Q: 

Qb~QY§ [Q~~i Gussakovskil, and ASC parasite~ begin to emerge fro~ 

alfalfa ~~~~l~~gQ ~~tl~~ l.} seeds in which they overw1ntered as dli­

pausJng prepupae. Soon after. adult ASC can be found where alfalfi 

plants are sett1ng seed. F1eld populat1ons of ASC adult~ are sampled 

by several methods, but collecting ASC with a sweep net is the fastest, 

easiest, and least costly method. Parvez 11968) used a sweep net to 

sample adult ASC field populations 1n Oklahoma: he collected ASC from 

May 14 to September 14 and reported a range of three to 101 ASC per 100 

sweeps. He reported that ASC 1n O~lahoma appeared to have three gene­

ratlons. ASC paras1te spec1es occur 1n different concentrat1ons, com­

posltions, and times of the season 1n different areas across the Un1ted 

States !Bacon et al. 19681 and field populations of parasites are 

sampled with a sweep net IUrbahns 19161. 

In 1983, the obJectives of th1s study were to determ1ne seasonal 

occurrence of the adult ASC and parasite populations 1n alfalfa. In 

1984, the obJectives included those of 1983 as well as spec1es determl­

nation of ASC parasites and computing male and female compos1t1on of 

ASC and ASC paras1te populations. 

39 
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Methods and Mater1als 

Adult populat1ons of ASC and parasites were sampled using a sweep 

net 1n 1983 and 1984. Sweep samples were taken tw1ce a wee~ during the 

1983 season at field lnear Stillwater 1n Payne countyl and f1eld 2 

lnear Perry in Noble countyl. Management of both fields in 1983 con­

Slsted of fencing off 0.5 hectares in spr1ng and allow1ng alfalfa to 

bloo• and produce seed throughout the season. Neither field was cut 

during the study and no 1nsect1cide was applied. The alfalfa vegeta­

tion changed during the season depend1ng on plant maturitv: froffi mainlv 

leaves and blooms on upright plants to ma1nlv stems on lodged plants. 

At f1eld 1, he1ght of f1rst growth alfalfa was 40 em in late April and 

blooffis appeared during the f1rst wee~ of May. Plant height reached 90-

125 em by mid-July and blooming had ceased. Second growth from the 

crown reached a he1ght 135-40 em} above the lodged first growth In mid­

July and the second growth also grew to lodging plants but only at­

talned a stem length of 90-95 em by the end of August. At field 2 the 

f1rst growth of the season was infested with blue alfalfa aph1ds, 

B~Y[thQ~iRhQn tgn~gi Sh1nji, to the extent that growth was stunted and 

virtually no blooms occurred, second growth of the season occurred at 

the same time as in f1eld 1, and grew in virtually the same manner. In 

1983, weekly means of number of ASC and ASC parasites were calculated 

bv adding the counts from two samples taken within each week. 

Sweep samples were taken weekly during the 1984 season at fields ~ 

and 4: field 3 was near Woodward and field 4 was on the South Central 

Research Station at Chickasha. Field 3 was six hectares in s1ze ldi-

vided into 24 equal plots) and field 4 was 0.5 hectares (divided into 
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n1ne equal plots>. Management at both fields 1n 1984 cons1sted of 

staggering harvest dates in order to provide blooming alfalfa through­

out the season. At f1eld 3, toxaphene insecticide was appl1ed at a 

rate of 1 kg per hectare on July 23 to control grasshoppers I~!L@nQ~L~~ 

spp.l. No insecticides were appl1ed during the season at field 4. 

Sweep samples were taken from the area that had the newest bloom1ng 

alfalfa (i.e. samples were ta~en from one plot unt1l the t1me the 

alfalfa in a second plot started to bloom and the sampling was sw1tched 

to the second plot, etc.l. Alfalfa he1ght was more consistent in this 

tvpe of management, ranging from 40 - 60 em at the t1me when the 

samples ~ere taken. 

Each sample consisted of 100 pendulum sweeos. Length of each 

sweep through ~egetation was one meter. Sweeps were kept at a level so 

that half of the net was 1n contact with vegetation during the motion. 

Diameter of the net was 38 em. Total vegetat1on covered in 100 sweeps 

w2s est1mated to be about 30 square meters. Net mesh of mm was used 

to catch the tiny ASC. Net contents were transferred to a kill Jar 

conta1n1ng ethyl acetate and taken to the laboratory for 1dentifica­

t1on. Sampl1ng started on April 15 in 1983 and on Mav 1 In 1984. No 

samples were collected durino the week of June 23 in 1984. Sweep 

samples ended on September 29 1n 1983 and September 27 in 1984. Data 

recorded were number of ASC, and ASC parasites in 1983. In 1984, 

samples were futher divided by se~ of adult and species of parasite. 

Butler et al. (19681 reported a regress1on equation for predicting 

the development t1me for egg to adult 1n the ASC. This equat1on was 

used to calculate the threshold temperature for ASC development of 43 F 

and the degree day accumulation needed for generation development of 



760 dd. Weather data were obtained from the research station nearest 

each f1eld for the months of May through September. Starting on May 1, 

the daily h1gh and low temperatures were used to calculate the degree 

day accumulations. 

Results 

In 1983, the first adult ASC was collected on May 18 and ASC were 

collected on every sampl1ng date 1n fields 1 and 2 until sampl1ng 

ceased on September 2q, In 1984, adult ASC were collected from June 5 

to September 25 at field 3 and from May 17 through September 27 at 

field 4. 

At field 1, highest populat1on dens1tv of 28 adult ASC per 100 

sweeps occurred during the week of August 11 (figure 131. There were 

six ASC peaks dur1nq the sea~on separated by d1ffering time 1ntervals; 

29 davs from peak 1 to 2. 28 days from peak 2 to 3, 20 days fro~ pea~ 3 

to 4, 20 days from peak 4 to 5, and 21 days from peak 5 to 6. H1ghest 

populat1on densitY of 27 and 28 parasites per 100 sweeps occurred 

during the weeks of September 1 and 8 lrespectivelrl. There were three 

ASC parasite peals, each occurred one week after the ASC peaks number 

3, 4, and 5. Parasites were more numerous than the ASC from Auoust 18 

to the end of the season. making up 64.71 of the collected adults. In 

20 wee~s of sampling, 514 ASC and 368 paras1tes were collected. 

At field 2. highest population density of 13 adult ASC per 100 

sweeps occurred during the week of September 15 !Figure 141. There 

were three ASC peaks separated by intervals of 20 days from peaL 1 to 

2, and 27 days from peak 2 to 3. Highest population density of eight 

parasites per 100 sweeps occurred durino the week of August 18. The 
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parasite peaks are not as closely related to the ASC peaks as was found 

in Field 1. Paras1tes were more numerous than ASC dur1nq the month of 

August, when they comprised 64.1% of the adults collected. In 20 weeh~ 

of sampling, 102 ASC and 72 par~sites were collected. 

In 1984, at field 3, highest population density of 11 adult ASC 

per 100 sweeps occurred dur1ng the week of August 7 (Figure 15). There 

were three ASC peaks separated by Intervals of 29 days from pea~ 1 to 

2, and 28 days from pea~ 2 to 3. Females outnumbered m~les 1n everv 

sample, except for Jul~ 17 when identical numbers were collected, and 

on August 7 when males outnumbered females !Table Xliii. The highest 

population density of 27 parasites occurred dur1ng the week of Aug~st 

14, which was one week later than the h1ghest ASC population. Para-

sites were more numerous than the ASC during the ~onth of August, when 

they comprised 68.2 percent of the adults collected. Female ASC para-

s1tes outnumbered males in every sample. In 19 weeks of sampling, 60 

ASC 120 male, 4C, female), 731::::. ~~~~l~~\:!~ Ill male, 62 female), 4 I!. 

collected. 

At f1eld 4, highest population densitY of 52 adult ASC per 100 

sweeps occurred during the week of August 9 IF1gure 161. There were 

four ASC pea~s separated by intervals of 12 davs from peaL 1 to 

days from peaL 2 to 3. and 21 days from peak 3 to 4. Females outnum-

bered males 1n 14 out of 19 samples <Table XIV). The highest popula-

t1on density of 55 parasites per 100 sweeps occurred during the wee~ of 

August 16, one wee~ later than the highest ASC population. ASC were 

the most numerous spec1es from May 17 to July 19 176.0 percent of the 

collected adults! and parasites were more numerous than ASC from July 
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25 to September 20 158.7 percent of the collected adults!. Female 

paras1tes outnumbered males in every sample. In 19 weeks of sampl1ng, 

278 ASC 196 males, 182 females), 247 b!. Q~~!:!l~~!:!§ 152 males, 195 fe-

female>, and 1 ~!:!Q~l~!:!§ ~!lY!:iii (female> were collected. 

Degree day accumulation for f1elds 1 and 2 showed that a new 

generat1on could have developed by June 4, June 29, Julv 21, Auoust 8, 

August 26, and September 16. At f1eld 3, a new generation could have 

developed by June 2, June 24, July 15, August 4, August 24, and Sep-

tember 13. At f1eld 4, a new generation could h~ve developed Mav 27, 

June 19, July 8, July 27, August 16, and September 7. 
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Date 

Mav 1 ::. 
~,.., 

LL 

29 
June r 

,! 

12 
19 
28 

July .,. 
~· 

10 
17 
24 
31 

Aug. 7 
14 
21 
28 

Sept 4 
11 
18 
25 

TABLE XIII 

NUMBER OF ASC AND PARASITES COLLECTED IN SWEEP NET SAMPLES 
AT WOODWARD (FIELD 3), 1984 

Male Female Male Female 

0 
0 
0 
0 

2 

No Sample Taken 
1 2 
1 4 
2 2 

2 
.,. 
~· 

"') 4 L 
I:" 
,J 

6 5 2 15 
4 I:" 

,! 
r "''1 ,J L.i.. 

7 4 .,) 10 
1 "' i. 

"') 
L 

1 1 
2 1 
.,. 
.,) 

20 40 11 62 

Spec1es Collected 

Male Female 

1 
1 

3 

Sex as L1 sted 
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Date 

Mav 17 
24 

June 2 
7 

14 
21 
28 

Julv "' .} 

12 
19 
')C" 
L.! 

Aug. :2 
9 

16 
23 
30 

Sept 6 
13 
20 
.... ~ 
.<.I 

TABLE XIV 

NUMBERS OF ASC AND PARASITES COLLECTED IN SWEEP NET SAMPLES 
AT CHICKASHA (FIELD 41, 1984 

Soec1es Collected 

Male Female Male Female Male Female Se>: as L1 sted 

") "' 2 L .} 

... 7 ... 
,) ·-' .., 12 .., 
J ~ 

4 
2 18 ") 4 L 

... "' ~' .} 

No Sample Taren 
4 '"' 1 L. 

3 
4 16 9 '"' L. 

2 7 

~' a 2 
2 2 22 3 E. ~llYDi.! ( 1 Fl 

27 'jl:" 
L.! 7 38 7 T. !!l~£!:!l~!gE (2 

20 23 10 45 '"' 6 .L. 

12 5 9 20 5 
7 6 1:2 4 
7 7 4 7 ~ ~' 

2 "' 5 .} 

2 7 14 
4 7 

~ 

96 182 52 195 5 35 
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Discuss1on 

At field 1 in 1983, as well as fields 3 and 4 In 1984 the highest 

population density of ASC adults occurred during the month of August, 

which agrees with the findings of Urbahns (19201 and Sorenson 119301. 

At field 2 in 1983, the highest population density of adults was In 

mid-September. The adult population could have had delaved development 

due to the fact that there were no seeds produced in that field until 

~id-July, or the method of sampling for some reason was not successful 

in collecting adults when the highest numbers were expected In August. 

Females were more numerous than males in nearly every sample. This 

does not agree w1th the find1ng5 of Sorenson 119301 who reported that 

males were more numerous throughout the season, but does agree w1th 

Batiste (1967al who reported that females were more numerous 1n field 

collect1ons of the trefoil seed chalcid, ~[~~~Q~~~g~~ ~QlQ~Q~~~ Fedo­

seeva. It is more log1cal to find high numbers of females 1n the f1eld 

bec~use that 1s where the oviposition s1tes are located. The alterna­

tive is that the sampling method used in the study could have had a 

bias towards collecttng females. 

Parasites were more numerous than ASC in late season samples and 

high population densities of parasites occurred one week later than 

high ASC densities at fields 1, 3, and 4. The numbers of paras1tes 

built up slowly in early summer and high population densities appeared 

to be dependent on numbers of ASC, which agrees with the find1ngs of 

Batiste 11967al working on the trefoil seed chalcid. At field 2, very 

few parasites were collected which makes it difficult to show a valid 

seasonal pattern. In 1984, females were more numerous than males in 
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every sample which also agrees w1th the findings of Bat1ste <1967a). 

In Oklahoma, the f1rst ASC adults were collected 1n mld-Mav and 

the highest populat1on density of ASC did not occur unt1l later 1n the 

season, usually 1n August. Female ASC were present in the alfalfa 

f1elds in greater nu~bers than the male. ASC paras1tes were more 

nuffierous than the ASC in collections taken during the later part of the 

season and h1gh dens1t1es of parasites occurred one wee~ later than 

high densities of ASC. 



CHAPTER V 

SEASONAL INFESTATION OF THE ASC IN OKLAHOMA 

Introduct1on 

Once alfalfa ~~~~i~~QQ §~t~~~ L.l in1t1ates spring bloo~ and seed 

set, alfalfa seed chalcids IASCl, ~[~£~QRh~q~~ [Q~~i 6ussalovsL11, move 

into the area and infest developing alfalfa seeds. Urbahns 11920l found 

ASC infestat1on whenever newly formed alfalfa seeds were present and 

diapaus1ng ASC starting 1n mid-July in alfalfa managed for seed produc­

tion. He also harvested 88 alfalfa seed samples from 33 seed producing 

areas across the Un1ted States and reported some extremely high 1nfes­

tat1ons, such as; 80/. and 83/. in Kansas, 821. and 91/. 1n Ar1zona, and 

85% 1n California. Sorenson 11930) collected seed pods froffi alfalfa 

f1elds just before seed harvest and reported a range of infestat1ons 

fro~ less than 1X to 62X. 

Two 1rnportant factors to be determined in this study were the 

seasonal lnfestat)on of alfalfa seeds by the ASC in O~lahoma, and the 

occurrence throughout the season of ASC that entered the diapaus1ng 

stage in Oklahoma. 

Materials and Methods 

F1eld studies were conducted in 1983 and 1984 to determine ASC 

infestation levels in Oklahoma. This study included a total of four 

51 
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fields. Fields 1 and 2 were used in 1983: f1eld 1 was near St1llwater 

in Payne county and field 2 was near Perry in Noble county. F1elds 3 

and 4 were used 1n 1984: field 3 was near Woodward in Woodward county 

and field 4 was on the South Central Research Station at Chickasha. 

In 1983, at fields 1 and 2, 0.5 hectares of alfalfa was allowed to 

bloow and produce seeds throughout the grow1ng season. Neither of the 

fields was cut during the study and no insect1cide was appl1ed. Newly 

blooming alfalfa racemes were tagged at random with date and field 

location marked. Tagging was begun at f1eld 1 on June 6, cont1nued at 

wee•lv intervals for 11 weeks until August 13. Blooming of alfalfa was 

delaved at field 2 due to an 1nfestat1on of pea aphids, B~Yr1b9§iQb9D 

~QD~Q! ShinJl. Tagging started at field 2 on July 15, continued at 

wee~ly intervals for 6 weeks, until August 20. Sample s1ze at both 

fields was 100 racemes. A total of 105 racemes were tagged each week 

at each field to insure recovery of at least 100 stems bearing tagged 

racemes. Both fields were pollinated by naturally occurring pollina­

tors and set seed under natural field conditions. Stems with a ta9ged 

race~e were harvested five wee~s after tagging. Two samples were taken 

from each stem. The f1rst sample contained 100 of the tagged racemes, 

wh1le the second sample consisted of the 100 racemes closest to the 

tagged r~cemes. Each sample was placed in a 0.5 liter jar. The jar 

was covered with a close knit material, and labelled as to f1eld, week, 

and sample number. Samples were stored at room temperature unt1l adult 

ASC and parasite emergence ceased and seeds were dr1ed. Each sample 

was processed with a light abrasive action using a rub-board to thresh 

the seed pods and a Dakota seed blower to separate seeds from thres­

hings. Care was taken not to crush any parasitized seeds. Seeds were 



er.am1ned using a stereom1croscope and placed 1n one of three cate-

gories: 1> Seeds with emergence holes (Figure 17l, 2> Seeds with u-

mature chalc1ds: those with l1ving or dead larvae or pupae (Figure 18> 

especially noting those with d1apausing chalcids (Flgure 19) 1 and 3) 

un1nfested seeds <Figure 20l. Percentage of ASC damaged seeds was 

calculated by div1ding total number of ASC damaged seeds by total 

number of seeds 1n sample. Percentage of ASC that entered d1apause was 

calculated by divid1ng number of seeds conta1ning diapausing chalcids 

by total number of ASC damaged seeds. Weekly means were calculated bv 

tot~l1ng both samples ta~en from a field during a week and d1v1ding bv 

h1o. 

In 1984, at field 3, the experiment was arranged 1n a rando~1zed 

complete block design w1th six replicat1ons (Figure 21l. Field s1ze 

was si~ hectares div1ded 1nto 24 plots of 0.25 hectares each. Five 

treatments were stud1ed: ll Uncut pr1mary spring growth allowed to 

aature seed, 2l Alfalfa cut at bud stage <May 10), 3) Alfalfa cut at 

the 107. bloom (May 23), 4) Alfalfa cut at the 507. bloom <May 27>, and 

5) Second seed crop from the uncut treatment. The second seed crop 

treatment 1s a seed crop produced from the alfalfa that grows bac~ 

after seed has been harvested from the uncut treatment. Fo~r colonies 

of honeybees <BQi~ ~~!!if~[~ L.> per hectare were used for pollination 

throughout the study on field 3. Tor.aphene insecticide was appl1ed at 

the rate of 1 kg per hectare on July 23 to control grasshoppers l~g!~: 

QQQ!~~ spp.l. Racemes were tagged in the same ~anner as in 1983. 

Tagging started in each treatment when the alfalfa began to bloom. 

Racemes were tagged in each treatment once a wee~ for a duration of 

four weeks. The tagging dates for the five treatments were: Treatment 
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Figure 17 . Alfalfa Seed with Chalcid Emergence Hole 

, 

Figure 18. Alfalfa Seed Containing a Chalcid Pupa 



Figure 19. Alfalfa Seed Containi ng a Diapaus ing 
Chalcid Prepupa 

Figure 20. Unlnfested Alfalfa Seed (L eft) and Two 
Chalcid Infested Seeds 
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1) Mav 22 to June 12; Treatment 2) June 24 to July 15: Treahent 3l 

July 1 to July 22; Treatment 41 July B to July 29; and Treatment 51 

o::-­_, I 

August 19 to September 9. Overlapping of tagging dates occurred during 

bud cut, lOX bloom cut, and 50% bloom cut treatments. so a total of 14 

weeks of tagg1ng occurred. There was a two weeL period between 50% 

bloo~ cut and fall regrowth treatments where no racemes were tagged; 

the reason was that the harvest date of 50% bloom cut treatment was set 

b\ the f1eld owner for August 20 which d1d not allow enough t1me for 

mature seeds and the fall regrowth treatment had not begun bloom. A 

total of 10: racemes 117 per replicate\ were tagged in each treatment 

each ~eek. Three samples were ta~en 1n each reolicat1on each wee~: 

sa~ple A cons1sted of the 17 tagged racemes, sample B cons1sted of 17 

race~es located apically next to the tagged racemes, and sample C 

cons1sted of 17 racemes located basally next to the tagged racemes. 

Thus a total of 18 samples were taken each weeh at field 3. Samples 

were processed in the same manner as 1n 1983. 

At field 4. a 3x3 lat1n square design with three replications was 

used !Figure 221. Field size was 0.5 hectares and was di~ided 1nto 

nine equally sized plots. Four treatments were stud1ed: 11 Uncut, 2) 

Cut with first cutting of alfalfa for hay IMav 81, 31 Cut w1th first 

and second cuttings of alfalfa for hay !June 18), and 4l Second seed 

crop from the uncut growth after a summer seed crop was harvested (July 

19i. Flowers were pollinated by naturally occurring pollinators. No 

1nsecticide was applied during the study. Tagging was done in the same 

manner as discribed for f1eld 3. Weekly tagging dates for the four 

treatilients were: Treatment 1 l May 17 to June 7; Treatment 21 June 14 to 

Jul v 5; Treatment 31 July 12 to August 2: and Treatment 41 August 9 to 
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Column Number 
---t---11 ---+---- 111-----1 

SubPlot 
2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Figure .,., 
LL• Latin Square Design for Field 4 <Chickasha), 1984. 

August 30. No overlapping of tagging dates occurred. A total of 105 

racemes 135 per replicate) were tagged each wee~ in each treatment. 

Each repl1cat1on was divided into f1ve equally sized subplots and seven 

racemes were tagged in each subplot each week. The stems bearing the 

tagged racemes were harvested f1ve weeks after the tagging occurred. 

Three samples were taken in each sampling plot each week; sample A 

consisted of the seven tagged racemes, sample B consisted of seven 

racemes located apically next to the tagged racemes, and sample C 

consisted of seven racemes located basally next to the tagged racemes. 

Thus a total of 15 samples were taken in each replication each week, 



ma~1ng a total of 45 samples taken In each treatment each week. Sam­

ples were processed 1n the same manner as in 1983. 

In 1984, the seeds were div1ded into f1ve categories: 11 Seeds 

with emergence holes, 21 Seeds with diapausing chalc1ds 1 31 Seeds with 

other chalc1d damage (containing chalcid stages other than diapausingl, 

4} Sound seed, and 51 Other seeds (shrunken, not fully formed, or 

damaged seeds, with no sign of chalcid damage). Total number of ASC 

damiged seeds was calculated bv adding together the numbers in cate­

gories 1 - 3. Total number of seeds produced was calculated by adding 

together the numbers 1n categories 1 - 5. Percentage of ASC damaged 

seeds was calculated b~ div1ding total number of ASC damaged seeds bv 

total number of seeds produced. Percentage of ASC that entered dla­

pause was calculated by dividing number of seeds containing d1apausing 

chalcids by total number of ASC damaged seeds. 

Seed data from each field were analyzed using the appropriate test 

dictated by the field arrangement. Weekly ~eans were calculated by 

totaling all samples talen during a week and dividing by number of 

samples talen during that wee~. A 95% confidence interval was calcu­

lated for each weekly mean. Treatment means were calculated by tota­

ling all samples taken during that treatment and dividing bv number of 

samples taken during that treatment. Treatment means were compared 

using the Least Significant Difference ILSDI analysis. 

Results 

In 1983 1 at field 1 !Stillwater} the range of numbers of alfalfa 

seeds per 100 racemes (Figure 231 was from 1143 seeds from racemes 

tagged on June 20 to a peak of 2124 seeds from racemes tagged on July 
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29, and at field 2 <Perry) the range was from 1559 from racemes tagoed 

on August 20 to a peak of 2742 seeds from racemes tagged on August 6. 

Numbers of seeds not damaged by ASC per 100 raceme~ CF1gure 24) ranged 

from 1037 seeds from racemes tagged on June 20 to a peak of 1900 seeds 

on July 29 and August 6 at f1eld 1, and from 957 seeds from racemes 

tagged on August 20 to a pea~ of 2337 seeds from racemes tagged on 

August 6 at field 2. Percentage of ASC damaged seeds (Figure 25\ 

ranged from 7.9X from racemes tagged on August 6 to a peak of 19.9% 

from raceme~ tagged on June 6 at field 1, and 5.4% from racemes tagged 

on July 15 to a peak of 38.1% from racemes tagged on August 20 at f1eld 

2. Percentage of ASC that entered d1apause !Figure 261 ranged from 

500 
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Figure 23. Mean Numbers of Alfalfa Seeds 
at Field 1 <Stillwater) and 
Field 2 <Perry\, 1983. 
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4.57. from racemes tagged on June 6-13 to a peak of 58.0% from racemes 
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tagged on August 6-13 at f1eld 1. and 20.37. from racemes tagged on July 

8-15 to a peak of 72.07. from racemes tagged on August 13-20 at field 2. 

In 1984, at field 3, the wee~ly means of the total numbers of 

alfalfa seeds produced in 17 racemes (Figure 27> showed similar pat-

terns across time among the bud, 107. bloom, and 507. bloom cut treat-

ments (a general inverted U shape}. but dissimilar patterns from the 

uncut treatment (rising numbers) and second seed crop treatment (de-



creasing numbers). The uncut treatment produced significantlv more 

seed than all the other treatments !Table XVI, while the second seed 

crop and bud cut treatment produced significantlv less seed lbut not 

S1gn1ficantlv less than each other). 
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Weekly means for numbers of sound alfalfa seeds in 17 racemes 

IF1gure 281 closely follo~ed the same pattern across t1me as descr1bed 

above for the total numbers of alfalfa seeds. The uncut treatment 

produced s1gn1f1cantly more seed than all the other treatment means 

!Table XVl, wh1le the second seed crop and bud cut treatments produced 

signif1cantlv less seed (but not s1gnificantlv less than each other). 

Wee~ly means for total numbers of alfalfa seeds damaged bv ASC 

!Figure 291 d1d not follow the same pattern as the total numbers of 

alfalfa seeds and numbers of sound seeds. Therefore the number of ASC 

damaged seeds appears to have been independent of the number of seed 

available. The 50% bloom cut treatment had sign1ficantlv m~re ASC 

damage than any other treatment, wh1le the bud cut treatment had s1gn1-

ficantly less !Table XVI. The other three treatments did not have 

significantly different amounts of ASC damaoe from each other. 

Weellv means for percentages of alfalfa seeds damaged bv ASC 

(figure 30) followed the same pattern as total numbers of alfalfa seeds 

damaged bv the ASC. The 50% bloom cut treatment had significantly 

higher percentage of ASC damage than all the other treatments <Table 

XVI. The No cut treatment had a significantly lower percentage of ASC 

damage than the 50% bloom and second seed crop treatments. 

Weekly means for number of alfalfa seeds with emergence holes 

!Figure 311 closely followed the pattern of the total numbers of alfal­

fa seeds damaged by ASC. The 50% bloom cut treatment had significantlv 



TABLE XV 

EFFECT OF PRODUCTION SCHEDULE ON SEED YIELD AND DAMAGE BY ASC 
AT FIELD 3 <WOODWARD) IN 1984 * 

64 

-----------------------------------------------------------------------
Plant Stage At Hav Harvest Second 

* Seeds I --------------------------- Seed LSD 
17 Racemes Uncut Bud 10/. Bloom 5o·:. Bloom Crop (0.05) 
-----------------------------------------------------------------------
Total Seeds 4 31.6 301.6 391). 3 381.5 ~.19.1 32.7 

Sound Seeds 376.5 265.3 338.2 302.2 278.8 22.3 

Damaged by ASC 31. 5 23.0 31.7 51.7 3(\. 4 c- ~ 

,J. ·~· 

... ASC Damage 7.3 8.4 8.4 13.2 Cf.4 1.5 '· 
With Emer-
gence Holes 26.5 20.4 26.7 44.6 7 "j 

'L 7.8 

With ASC 
lfl Diapause 1.9 0.3 1. 5 3.4 21.8 0.8 

.. of ASC in {. 

in D1apause 5.8 0.7 3.8 6.9 68.2 1.4 

With ASC Stage 
not 1n Diapause 3. 1 2.3 "T c-

.) • ,J 3.7 1.4 1.1 

Da«1aged Bv Agent 
Other than ASC 23.6 13.3 20.4 27.6 9.9 3.9 

* Each value is a mean of 18 samples I week over a four week period 

Seed produced from regrowth after first seed harvest of uncut alfalfa 
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more seeds with emergence holes than any other treatment, while the 

second seed crop treatment had significantly less <Table XVI. The 
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other three treatments did not have significantly different numbers of 

seeds with emergence holes. 

Weekly means for number of alfalfa seeds containing diapausing ASC 

(Figure 321 were verv low until after mid-July and the pattern across 

time was not related to management. The second seed crop treatment had 

significantly more diapausing ASC than all other treatments, and the 

bud cut treatment had significantly less <Table XVI. 

Wee~ly means for percentages of ASC that entered diapause (Figure 

331 followed the same pattern as the numbers of alfalfa seeds con-



taining d1apausing ASC. The second seed crop treatment had a s1gnifi-

' cantlv higher percentage of ASC 1n diapause than any other treatment, 

and the bud cut treatment had a significantly lower percentage !Table 

XV l. 

Weekly means for number of alfalfa seeds containing ASC stages 

other than diapausing prepupae (Figure 341 ma1nly followed the same 

p~ttern as the total numbers of alfalfa seeds damaged by the ASC. but 

the numbers were more variable. The 50% bloom cut and 10% bloo• cut 

treat~ents had significantly more seeds containing ASC stages other 

than diapausing prepupae than the bud cut and second seed crop treat-

ments <Table XVI. 

Weekly means for numbers of alfalfa seeds damaged bv agents other 

than ASC !Figure 35) had such w1de variation within a treatment that 

the management system did not- appear to have an effect. The 50/. bloom 

treatment had significantlv more damage than all but the no cut treat-

ment !Table XVI. The bud cut and second seed crop treatments had 

significantly less damage than all the other treatments !but were not 

sign1f1cantly different from each other). 

At field 4, weekly means for total numbers of alfalfa seeds pro-

duced in seven racemes IF1gure 36) show a seasonal pattern caused by 

time of year and no consistent pattern between any of the treatments. 

Each treatment mean was significantly different !Table XVI>, with the 

two hay harvests treatment producing signif1cantlv more seed and the 

one hay harvest treatment producing significantly less. 

Weekly means for numbers of sound alfalfa seeds !Figure 37) 

closely followed the pattern of the total numbers of alfalfa seeds. 

Each treatment mean was significantly different !Table XVI>, with the 
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TABLE XVI 

EFFECT OF PRODUCTION SCHEDULE ON SEED YIELD AND DAMAGE BY ASC 
AT FIELD 4 <CHICKASHAl IN 1984 • 

Number of Hav Harvests Second 
Seeds I ------------------------ Seed LSD 
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Seven Racemes Uncut One Two Crop (0.05) 
-----------------------------------------------------------------------

Total Seeds 71.9 44.0 168.6 116.7 15.9 

Sound Seeds 58.0 'i' r Lb 1 "-1 114.9 83.5 12.7 

Damaged by ASC 5.4 7.3 40.9 26.9 5.3 

., ASC Damaoe 7.7 -18. 1 24.6 21.7 4.6 '· 
With Emer-
gence Holes 3.7 r r 

.J • .J 33.4 16.8 3. 1 

With ASC 
in D1apause 0.02 0. 1 1.2 r 7 

""·--> 1.0 

4 of ASC 
in Diaoause 0.2 0.8 2.9 29. 1 1.3 

With ASC Stage 
not in Diapause 1.6 1.7 6.4 4.9 2.5 

Damaged by Agent 
other than ASC 8.6 10.3 12.7 r r 2.7 .Jo.J 

• Each value is a mean of 45 samples I week over a four week period 

Seed produced from regrowth after first seed harvest of uncut alfalfa 
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Field 4 <Chickasha>, 1984 

two hay harvests treatment producing sign1f1cantlv more seed and the 

one hay harvest treatment producing signif1cantly less. 
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Weekly means for total numbers of alfalfa seeds damaged by the ASC 

<Figure 38) followed the pattern of the total numbers of alfalfa seeds. 

The two hay harvests treatment had significantly more ASC damaged seeds 

than all other treatments !Table XVII. The one hay harvest and uncut 

treatments had significantly less ASC damage than the other treatments, 

but not significantly different from each other. 

Weekly means for percentages of alfalfa seeds damaged by the ASC 

!Figure 39) had a pattern that was basically similar to the total 

number of seeds damaged by the ASC, except for several weeks with 



higher values. The two hay harvests treatment had a s1gnificantly 

higher percenta~e of ASC damaged seeds than the one hay harvest and 

uncut treatments, and the uncut treatment had a significantly 

lower percentage than any other treatment mean <Table XVII. 
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Weekly means for numbers of alfalfa seeds with emergence holes 

<F1gure 401 closely followed the same pattern as the total number of 

ASC damaged seed. The two hay harvest treatment had sign1ficantlv more 

seeds w1th emergence holes than all other treatments <Table XVII. The 

uncut and one hay har~est treatments had signif1cantlv less seeds with 

emeroence holes than the other treatment means, but were not signlfi­

cantlv different from each other. 

WeeLlv means for numbers of alfalfa seeds conta1n1nq diapaus1ng 

ASC <Figure 41l were verv low until after mld-Julv and the pattern 

across time was not related to management. The second seed crop treat­

ment had significantly more seeds contain1ng diapausing ASC than any 

other treatment <Table XVII. The one hav harvest and uncut treatments 

had significantly less diapausing ASC than the other treatments, but 

were not significantly different from each other. 

Weekly means for percentages of ASC that entered diapause <Figure 

421 closely followed the same pattern as the numbers of seeds con­

taining diapausing ASC. The second seed crop treatment had a signifi­

cantly higher percentage of diapausing AS[ than any other treatment 

<Table XVIl. The one hav harvest and uncut treatments had signifi­

cantly lower percentages of d1apaus1ng ASC than the other treatments, 

but ~ot s1gnificantly different from each other. 

Weekly means for numbers of alfalfa seeds containing ASC stages 

other than diapausing prepupae <Figure 431 closely follows the same 
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pattern as total number of alfalfa seed damaged by the ASC. The two 

hav harvest and second seed crop treatments had s1gnificantly more seed 

containing other stages of the ASC than the one hay harvest and uncut 

treatments (Table XVI). 

Weekly means for numbers of alfalfa seeds damaged by agents other 

than ASC lF1gure 44> does not show a pattern across time that was 

related to management. The two hav harvest treatment had sign1ficantly 

more seeds damaged by other agents than the uncut and second seed crop 

treatments !Table XVI>. The second seed crop treatment had signifi­

cantly less seeds damaged by other agents than any other treatment. 

D1scuss1on 

In Oklahoma, product1on of alfalfa seed has been considered a 

by product of the hay production operat1on. The usual procedure is to 

harvest one or two hay crops from a field and then let the regrowth 

mature into a seed crop in late summer. The tim1ng and amount of rain­

fall are major factors 1n determining if and when a producer decides to 

produce a seed crop during a particular season. If moisture is llml­

ted, and the prospects of a good hav crop are poor, then the stand is 

allowed to mature 1nto a seed crop (Sholar et al. 19821. 

In 1983 the h1ghest numbers of alfalfa seeds without chalc1d 

damage were produced from plants flowering in late July and early 

August. During this same time per1od the percentage of ASC infested 

seeds was relatively low ind1cat1ng that the ASC did not attac~ these 

seeds to a great extent. The percentage of infested seeds remained low 

at field throughout the season while at field 2 the percentage in-

creased sharply in late August. There are several explanations for the 



low infestation at f1eld. Erdelvi et al. (1981) reported that damaoe 

bv ASC increased according to how erect the plant was, and the plants 

in Field 1 were lodo1ng plants 90-125 c• long at the time the samples 

were ta~en. Strano et al. (1963> stud1ed AS[ dispersal from f1elds 

w1th deter1orat1ng cond1t1ons and reported that most ASC flew upwards 

until a bree~e cauoht them and carried them away, so the ASC mav have 

left the f1eld due to 1ts poor cond1tion. Field 2 was in much better 

condition than field 1 because it had only one laver of lodged growth 

wh1ch could e~plain why the infestat1on 1ncreased at that field. 
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In 1984. at f1eld 3, the f1eld management involved cutting the 

alfalfa at var1ous stages of bloom and letting the regrowth mature 1nto 

i seed crop. Results showed the alfalfa that was not cut, but allowed 

to produce a mature seed crop by July was s1gn1ficantlv h1gher 1n total 

number of alfalfa seeds prod~ced and total number of sound seeds than 

other treatments. Honevbees were used for pollination and could be one 

of the reasons the most productive seed crop occurred early. The 

actual Yleld from th1s f1eld was obta1ned from the producer and the 

kg I ha production of seed from each management system followed the 

same pattern that was obta1ned in th1s st~dy except the second seed 

crop had the lowest production. Thus the sampling method of taling 

seeds I raceme was a good est1mate of yield at th1s field. Th1s earlv 

seed crop also had s1gnif1cantlv lower percentage of ASC damaged seed 

than two produced later. The mean percentage of ASC damaged seed in 

the no cut seed crop was 7.37., which is slightlv lower than the range 

of 101. to 301. ASC damage in early season seed ~rops reported by Urbahns 

f1914>. The pattern of numbers of ASC damaged seeds appeared to be 

independent of the pattern of number of alfalfa seeds produced. 
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At f1eld 3, a s1gnif1cantlv higher percentage of ASC damaged seeds 

occurred in the alfalfa that was cut in the 50% stage of bloom. with 

the regrowth flo~ering during Julv, and the resultino seed crop •atu­

rlng in August. This agrees with Bacon et al. 11959}. and Sorenson 

119301 who reported higher ASC damaoe 1n late season seed. Mean per­

centage of ASC damaged seed 1n the 50% bloom cut treatment was 13.21 

which is sl1ghtlv lower than the range of 20% to 70% for late season 

seed crops reported by Urbahns 11914). 

Bacon et al. 11964) reported that the ASC mav enter d1apause 

throughout the summer, this agrees with the data collected from all 

four f1elds 1n both vears. where the ASC was found entering the d1a­

paus1ng stage throughout the sampl1ng period of June 6 to August 20 1n 

1983 and Mav 17 to September 4 in 1984. The seasonal trend of percen­

tage of ASC entering diapause was increasing percentages as the season 

progressed agrees with the findings of Sorenson 11930) and Antonova and 

Ba:yleva 11974l who reported most diapaus1ng ASC came from the late 

seed crop. 

Field 4 was managed to produce a seed crop from the regrowth 

corresponding to each of the normal hav harvests. Results for the 

different cutting t1~es showed that the seed crop produced after two 

hay harvests had significantly higher total numbers of alfalfa seeds 

and number of sound seeds. These results appear to support the tradi­

tional method of seed production in Oklahoma as mentioned above. but 

since total seed production of the field was not sampled th1s ~ay be an 

artifact of the sampling method used. The pattern of numbers of ASC 

damaged seeds followed the pattern of the numbers of alfalfa seed 

produced. The field was pollinated by natural pollinators !mainlv 



spec1es of w1ld bee~) wh1ch frequentlv have inadequate population 

numbers for poll1nat1on until late summer. The presence of adeouate 

pollinators could be a reason why more seeds were produced after the 

second hay harvest 1nstead of dur1ng the earl1er treatments. 

The results also showed that late season t1m1ng for seed produc­

tion 1n f1eld 4 also had s1gn1f1cantly h1gher ~ercentages of ASC 

damaged seed w1th a mean of 24.61 from the seed crop after two hav 

harvests and 21.7% 1n the f~ll regrowth seed crop. In one part1cular 

sample of August 2, 49.31 of the seeds were damaged. These fiaures 

agree w1th the 201 to 701 range of ASC damaged seeds for late season 

seed crops reported bv Urbahns (1914\, 

The results showed that in O~lahoma, a late season alfalf? seed 

crop had sign1ficantlv higher percentage of ASC damaged seed and per­

centage of ASC that entered diapause than other seed crops. Another 

potential problem is that the populations of nat1ve pollinators are 
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not constant from vear to vear and may be inadequate during a g1ven 

year. Despite the problems it appears that the trad1t1onal method of 

harvest1ng one or t~o hay crops and then lett1ng the regrowth mature a 

seed crop 1n late summer produced s1gnif1cantl\ higher numbers of sound 

seed. If the producer has the resources to provide pollinators such as 

honevbees 1t appears that the sign1f1cantly h1gher numbers of sound 

seed can be produced in early summer wh1ch had the sign1f1cantlv lower 

percentages of ASC damaged seed during this studv. 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

Summary 

In O~lahoma, the ASC spring emergence started between the m1ddle 

of April and early May. Pea~ ASC emergence occurred during the month 

of June, with most of the emergence concentrated near the middle of the 

month. The emergence ended 1n early August. The male ASC emerged 1n 

greater numbers dur1ng the early weeks, and the number of female ASC 

dominated later. The overall male to female ASC ratio was 1:1.5. 

The f1rst adult ASC were collected from alfalfa fields in mld-May. 

H1gh numbers of the ASC generally occurred dur1ng the month of Auoust. 

Fem~le ASC were collected 1n greater numbers than the males. The ASC 

had from four to six generat1ons in Oklahoma. 

A total of five spec1es of ASC paras1tes emerged in O~lahoma; ~~ 

Q~r2l~~~2· h~ i~§~~t~§. ~~ ~llY~!i· T. Qr~fDQQb~gi. ~nd T. ~~f~l~t~E· 

The most common parasitic species were h~ Q~[Qlg~~§ and T. ~[~fb92b~9!· 

The pea~ emergence of parasites was very concentrated and occurred one 

to two weeks after the greatest emergence of the ASC. The male to 

female sex ratio for b~ Q~[Q!~!~§ was 1:1.25 and for I~ ~[~fDQQb~gi was 

1:1.75. Several high percentages of parasitism were found which seems 

to 1ndicate that parasites may be an important regulatory factor on ASC 

populations. 
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The second vear emergence from the alfalfa seeds was predom1nantlv 

ASC parasites. ~~ ~~C~l~~~~ was the dom1nant species. A h1gher 

concentration of males occurred in the ASC and ~~ ~~C~l~~~~ that 

emerged. 

Populations of paras1tes were not large until late 1n the season. 

when they frequently became more numerous than the ASC. Female para­

sites were collected 1n greater numbers than males. The dominant 

spec1es of ASC paras1te in the f1eld was b~ Q~~Q!g~~?· 

The results showed that a late season alfalfa seed crop had s1gn1-

f1cantly h1gh percentages of ASC damaged seeds and ~ercentages of ASC 

that entered d1apause. Despite these problems, the traditional method 

of producing alfalfa seed 1n Oklahoma (combined hay and seed manage­

ment> produced significantly higher total numbers of seeds, and numbers 

of sound seeds. Early seasoQ seed crops had significantly lower ASC 

damage and percentages of ASC that entered diapause. When poll1nators 

were present the earlv season seed crop also had significantly high 

numbers of sound seeds. 

Conclusions 

1. ASC spring emergence started near the end of Apr1l and pea~ed 

in mid-June. Male to female sex ratio was 1:1.5. 

2. Adult ASC were collected in the field from ~~d-Mav through the 

end of Septe~ber with high population densities occurring during the 

month of August. Females were collected In greater numbers than males. 

The ASC had four to six generations in Oklahoma. 

3. Five species of parasites were found in Oklahoma. b!Qd9~1Q: 

~~[~§ Q~~P!~~~? was the dominant parasitic species and I~ Q[~~DQQD~9! 



84 

was also common. The other species of paras1tes occurred very rarelv. 

4. Second year emergence from seeds was predominantly paras1tes, 

w1th L. p~rPl~~~§ the most numerous 1Specles. 

5. Several h1gh percentages of paras1t1sm were found which 1nd1-

cates that paras1tes may be an 1mportant regulatory factor on ASC 

populations. 

6. The h1ghest densities of p2ras1tes were collected in late 

season f1eld samples and b! p~rp!~~~§ was the dom1nant parasit1c 

spec1es. Female paras1tes were collected 1n greater numbers than 

males. 

7. Early season alfalfa seed crop product1on was shown to have 

sion1f1cantly lower percentage of ASC damaged seed anQ percentage of 

ASC 1n d1apause. Late season seed crops had s1gn1ficantlv higher 

percentages of ASC damaged seed and percentage of ASC in d1apause. 
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APPENDIX 

PICTURE YEY TO THE ~LFALFA SEED CHALCID AND ITS 
PARASITE SPECIES IN OKLAHOMA 

Th1s kev is des1gned to help ident1fy the spec1es of paras1t1c 

Hymenoptera that emeroe from alfalfa seeds. The sources for the des-

cr1ptions used in the kev are Butler and Hansen 119581 a~d Butler et 

al. 119681. 

1. Body blac~. thorac1c notum with thimble l1ke projectiens. Antennae 
s1mple 1n female IF1gure 451 or with flagellar segments quadrate 
and beanng long, erect setae in the male !Figure 461. 
Family Eurvtomldae ......••........•. ~[~fb9Qb~Q~§ [Q~~i Gussa~ovs~11 

Bodv metall1c, thorac1c notum w1thiut th1mble like project1ons 
2 

2. Mid tarsus with a ventral comb of short black spines !Figure 47f. 
Fam1lv Eupelm1dae ••...•......••••...•..... ;~Q~lm~~ ~llrQi~ (French\ 

Midtarsus without a ventral comb of short black sp1nes ......... . 

3. Ovipositor long, project1ng for a d1stance at least 11~ as great 
as 1 ength of abdomen............................................ 4 

Ovipos1tor project1ng only sl1ghtlv ............................ . 

4. Head and thorax bron:e-green, abdomen bronze. Female IF1gure 481 
has long ovipositor, with sheaths 1/2 to 2/3 as long as abdomen, 
apical segments split on ventral side. Male !Figure 491 has a 
short projection at apex of abdomen, and ap1cal segments not spl1t. 
Family Torvmidae ..... ·················biQ~QDtQ~![~§ Q![Ql!~~§ G~han 

As above, but w1th sheaths longer than the abdomen in the female 
!Figure 501. Males of this species un~nown. 
Fam1ly Torvmidae •.......•.•...•........ biQ~QD!Q~![~§ !D§~!t~§ Gahan 

Ovipos1tor length compar1son between b~ Q![Q!!~~§ and b~ iD§~!t~§ 
in Figure 51. 
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5. Mesonotum with a ~edian groove, scuttellum with four parallel 
grooves !Figure 52 1. Body metallic green. Abdomen evenlv tapered 
to tip with apical segments split on the ventral side in fe~ale 
!Figure 39 1 or more truncate, with a short median projection and 
apical segments not split in ~ale. 

Famil y Eulophidae ...•............... ·l!iC~~il~~~~ ~(~~~Q~~~gl Gahan 

Mesonotum and scutellum without grooves ..........•.............. 6 

6. Head end thora x black to blue with four metallic blue spots 
anteriorl y !Figure 531 apical segments of the abdomen split on the 
ve ntral side in the female IFioure 54 1 or with a short pro j ection 
at the ape x of abdomen and ap i cal segments not split in male. 
Famil y Pteromalidae ............. ······lCl~!(Q~l~C~~ ~~~~l~i~~ Gahan 

Figure 45. Female ~r~~QQ~b~Q~? rQQQi 
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Figure 46 . Male ~r~~bQ~b~g ~ § roddi 
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... --· - - - - __,;j 

Figure 49. Male ~iQQQQ1Q~g~~? 2~~Q!g ~ ~? 
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Figure 51. Ovipositor Length Co~parison between L. 
I!.~!:Ql~ ~ !:l? (bottom) and~.! i~?!:l~i!:l? <topl 



Fi gure ~ .., 

•• ..IL • 

Figure 

-- - -------
Dors2l View of I! ~~~fb QQb~g i to sh ow 

the Grooves on the Thora x 
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Figure 54. Dorsal view of I~ m§~~!~!~§ to Show the 
Blue Spots on the Thora x 

/ 

Figure 
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