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STEM SAWFLIES 

OF ECONOMIC IMPORTANCE 

in Grain Crops in the United States 

By L. E. WALLACE, EntontoloUY Researck Division, lind F. H. McNEAL, Or()Jl.~ 
Re,YefJreh Di-vilJio'fl., .'lgricultllrtll Research Service 

Three stem ~mwflies of gl'a,SseS are economically important pests of 
wheat production in Canada and the United States, Oephus cinctu8 
Norton is ~nc1emic to the 1Yestern Hemisphere. Oephus pygmaeus 
(G.) and C. fabidu8 (F.) ha,'e been unintentionally introduced from 
El\l'ope. The ItuTae of these species mine wheat stems during the 
summer and ('ut them close to the ground before harvest in the fall. 
(I. f'inrtll8 (wheat stem sa;wfly), whl('h occurs in the "West, has trans
felTed hom its wild grass hosts to wheat as the grasslands were culti
vRted. C. pygmae'IiS (European wheat stem sawfly) and tabidu8 
(black grain stem ~awfly) perhaps have made this same transfer, but 
so 101.g ago that it has not been documented in the literature. 

In lfJOO, research was undertaken to control these p~sts in Canada 
and the Fnited States. This work has been coordinated by the two 
('ountries. It is the purpose of this bulletin to bring together the 
published and unpublished data on this resear('h so as to clarify future 
endeavor in ('ontrolling these sawflies. 

TAXONOMY 

Sawflies belong to the order Hymenoptera (wasps and bees), and 
they han) been placed by taxonomists in the more primitive division 
('halastogastra or Symphyta. Nearly all members of the Symphytll 
are plant feeders in the lilt-val stage. :Many female adults possess lL 

sawlike ovipositor, ,vhich can be inserted into plant tissue for the pur
pose of oviposition. In the family Cephiclae, which includes the three 
species under discussion, all lar\'ae are minel's of grass stems or the 
tender shoots of trees and shl·ubs. 

The family Cephidae is further divided into tribes, llnd these three 
species Ilee included in the grass-boring tribe Cephilli. The adults 
of this h'TOUP are slender insects, which are usually found among 
the grasses m which they lay their eggs. They are represented 
throughout the wodd, but the largest number of species is found i.n 
Europe and EUl'Ilsin (8. 12. 1,5-47, 173, ]74, 784, ~,rJ01).1 They 
are weak fliers and renUlin hidden in plant foliage during rains or 

Italic numbers in Imf~nth('sel'; rpfer to Litl'ratufl' Cit('(l. p. a7. I 

1 
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windy weather. The adult~ of Oephu.!5 are commonly collected on 
yellow-flo',ered weeds, such as mustard, which grow near grainfields. 

Nomenclatorial designations of sawflies have undergone changes 
through the years. To illustrate this, the nomenclatorial history of O. 
C'inct1t8 Norton is presented. Norton (1.56) described O. dnctu8 in 
1872 based on specimens collected from Colorado with cotypes from 
Nevada and California. In 1890, Koebele (103) noted the larvae 
working in grass stems at Alameda, Calif. He reared some adults 
from the grass and sent them to Riley, who in a joint publication with 
Marlatt (176) described them as Oephu<s oeaidentali<1 Riley & Marlatt 
in 1891. Six years later Ashmead (6) described new specimens as 
Oephu8 [J1'aenwheri Ashmead. The first valid name employed, O. 
ci1WtU.~, IS the correct one, and all others are considered synonyms. 

Similarly, O. pygmaeu8 (L.) was described by Linnaeus in 1766 a~ 
Sirew pygmaeus L., has borne nine synonyms, and has been placed in 
the new genus Oephu.<t. 

O. tabidu8 (F.) was described by Fabricius in 1775 as Sirew tabidu8 
F., has borne five synonyms, and now is placed in the genus Oephus. 
The genus Sirew, in which the last two species were originally placed, 
has been more narrowly delineated and now applies to species of 
hymenoptera that are borers in trees in the larval stage; thus, the new 
genus Oephus was erected for the h'Tass stem-boring sawflies. 

DESCRIPTION OF ADULTS AND LARVAE 

The stem sawfly adults are slender insects, about 10 times as long 
as wide. The 1egs are long and slender, and the two pairs of well
developed wings when at rest ext~nd beyond the end of the abdomen. 
The length, exclusive of the antennae, ranges from one-fourth to 
three-fourths inch. The antennae are approximately one-half the 
body length. The overall appearance is wasplike, but the abdomen is 
broadly joined to the thorax and not constricted as in wasps. (Fig. 1.) 

The three species are comparable in size but vary in coloratIOn. In 
~eneral, they are distinguishable by the amount of yellow on a shiny 
black background. O. C'i1Wtus has the most yellow, pygmaeu.'t a little 
less, and tabidus very little. The following key, prepared by P. R. 
Meyers and J?resented in Ries' article (173), illustrates this difference 
in pigmentatlOn of the adults: 
1. Abdomen 	without dorsal, transverse, yellow bands; ovipositor sheaths when 

viewed dorsally, swollen or laterally enlarged toward their apices; males 
with horseshoe-shaped depressions on last two apical ventral segments 

Oephu8 tabidu8 (F.) 
Abdomen with dorsal, transverse, yellow bands; ovipOSitor sheaths when 

viewed dorsally, not swollen or laterally enlarged toward their apices; 
males without horseshoe-shaped depressions on last t,.... o apical ventral segments_______________________________________________________________ 2 

2. 	 Stigma and costa dark brown, of uniform color; mesepisternumblack ; femora 
black; apical tergite and venter black; face and scutellum black (face of 
male with yellow spots) ________________________ Oephu.8 Pyumaeu8 (L.) 

Stigma in greater part and costa yellow; mesepisternum with upper angle 
yellow; femora mostly yellow; apical tergite and usually venter in part 
yellow; face and scutellum of female usually black but occasionally with
yellow spots____________________________________ Oephu8 e-inctu8 Norton 
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FIGURE l.-Adults, larvae, and cut stems of three species of sawflies: A, Oephu8 cinctU8,' B, O. pJ/umaeu8; 0, O. tabMu8· CJ.: 
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Tho IlltvllO 1\1'0 more diflicult to separate. The.y ltl'e slender, leg
.less, Ilz:d S-shuped, with !~ bl'o\~',~ hC:ld ('nps,ule Ilnd n~andi~le~, The 
POSt,Ol'lOl' end I:; Ill'lned with sltH IH'lstles (hg, 1), willth Illd III loco
motion up tmel down the host stem (64" 199, ~46), The following key 
by Guhan (64) gives the distin!,'11ishing eil!l-l'llcters: 
1. 	.oonllli Ilnnl loue Of 10th terglte ,'Iewell trolll side, trlllngullll', .~It)l)lng grndu

nlly from bllse to apex, 1111(1 llull·r1ol' enil of lobe llllH'h thl('kl.'I' thlln IX»!
t('rlor ('11(1, which Is morc or 1('88 acute, Spinl'!; 011 1111111 prong (,Ilch 1l1"ll:!lng 
from smull, mor(' 01' lells ehltlulzed tulwrcl\.' ul)(l dosl'ly groupl'tl Ilbout 1I11l'X 
or elllllrged lIei:lhy purt jUllt bni:lud of short chltlnlzetI 1l11i('ul ring, Eighth
11Il<1 ninth tergil:es II11Pllrelltly gillbrous________________________________ !.! 

I)orslllllllnl lobe vlcwed frOm liide not trinllgulnr, not i:llopiug graduully frOlll 
luuse to 1l11l"X but coun'xly rOIl Ildl'tl , posh'rior elltI or lvbl.' us thkk d<1I\,'!!)
"('n/rully liS unt(~rl()r l'IHI 1111<1 1l('llrly l)('q)(IIHlI(·~lluI'. Annl l)rong' (,()lIIplcl.t~ly 
encircled by two irregulllr series of wi(lely S(~IJIll'ut(>(l, l;hol't, lltlfl' splncll, 
which do not Ilrii:le from chl.tlllized tubercles. Im!;hth nnd ninth tergltl"s 
('Heh with trnn$Vl"r8C row or tlistill("t; ::;hort hnirs~___ ('('Jl" 1111 luliill II.~ (I".) 

2. 	 Annl prong termlnntlng Itl short chIUniz('t1 ring, whldl i!; not. liS long tiS 11l·01Hl. 
Spines bUlilHI of ehitlnizcd ring fe\\' III llulIIhl'r, eonthwd to slllgletrlllli:l\'l'I'Se 
tuw on dorsal surl'IH.:e. Dorl:!lll, Inteml, \lud vcntrnl lolle!'; !;1\llri:li~ly hili!')' 

('f'llllII,~ fllllllII(ICII,~ (C.) 
Anal 	prong terminllUng In ehitillizl'<i t.uuellke IlroceSi:l, whkh Is (lIflthll'l.ly 

longer thnn hroad. Hpllll's busn<l of upkul tllh('III\I~ ImX'l'>lS II II IIIl'('OUfl, u r
rtlnge\l in two irn'),'lllnr {'ontlJ;uOlli:l Hi'riei; l'OlUllletl'ly l'll('\rl'iing hll~l' of 
tube, Aunl lobes dii:ltinctly hlllrj'.~ ______ ~ •. "______ C('flhll,~ ('i/ldll,~ N()!'t-on 

HISTORY AND DESCRIPTION O)i' DAMAGE 

~\awllil\'l damaging gritin in t-he 1Yestel11 Hemispherc werc first. re
ported ill 1887, whe.n P//[jIrl(U'IlS was noted at It:hllta, N.Y., (!':?4) and in 
elLstem CuUadtl in tlte same yea!: (20, (9). e. ciudu8 WIlS l'eported in 
1895 (I!unaging grain nCltl' Moo:;e. .TILW, Northwest Territorics, (8) 
Itnd tabid'ils in 1890 nt Hi\'erton, N,.)'" (228). 

(I, 6n('tll,~ has bc('orne the most !ieriOllS pest of the three species. In 
1805, it WII-S noted in wheat. by .Tohn "\Vcnman at fiollris, MILnitoba, 
He obtained spetimclls fr.'om his farm at ~OllriS Itnd sellt. them to 
I~'letcher (6i) foridcntii1('atiolJ, Rpeeimens from Moose .Taw were 
sent in the following yeal' (6!), The inseet was found at Bozeman, 
MOil!", in U)OO (1114.). AJter 1900, the study of this potelltiltl pest: 
attmc'ted the at! Pllt ion of entomologieal workel's. 

Tn lOO~, Flet('hCl.' ·wrote in a lettpl' that he had found ci'nctll8 larvae 
in m!lny grassl'~ ill the Nol'thw('sl Territol'ies (;3), In 1\)05 and lVO(i, 
G.L, Hec\'('~q found the larvHe in Agropyron gmsses in 1Vyollling Imel 
the Dakoh'l.!1 Ilnd in wheat at: Kuhn, N. DaIL, (31' Tn 1901, E. O. G, 
1(011 found this sawfly in whpnt at Minot, N. Dak., (S), In If)08, 
FlptC'her found dumag(· in wlH'at in 1\l!lnitoba and Saskatchewlln (J). 
In 1009, B, B, Penilllllo\\' rcpol'ted llC\'Crl' daillage arollnd :Minot (4). 
In ll)lO, rconomie damage WIl::ll'pported in Montana at Hninville (144), 
('riddle (21) started ('()n('Plltraled !i!udies Oil the sawfly in Canada ill 
1!)07, I\,n(\ Ainslie (.1) lwgan studi('s ill tilt> Dakotas and other.' Stntps 
inHHl. A im;lie- fonnd (·il/( taN f('(·(ling in nat iv(', gms$t'!') in a mnnbcl' 
of Stllfes ill HI(', ul'l~n al\d ]>I'l,'dide(l it ('ollld well beeolllc a. major ptlSt 
of ('prcal crops, as !tacl Ril,'Y and 1\:fadatt (11(/) in 189\. Seriow:; 
loslles weI'('. l'epol'ledin Canllda ill U):26 (10;8), 19:n ('7), Ilncl19,13 (;g), 
.I?rom l'!H3 t.o 1MB, this sttwfly WHS found to be in<:I'easing its ll.rotl. of 

http:lIflthll'l.ly
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economic importance in Montana (14) and North Dakota (142). 
A similar report was nu.cla£rom Canada in 1955 (10). Through the 
years numerous authors lun"e mentioned the damage caused by cinctu8 
(16, 133, 26, 28-JO, 3f&, 34, 37, 39, 40, 4-9, 54, 55, 62, 66) 74, 79, 131, 
2;3.9-241) . 

The history of pygmae1J..S is not so well documented as that of ci.'lUJt,u.~. 
(I. pygmaeu8 has been reported damaging grain in southern Russia 
from 1893 to 1D14 (44,104, 15.g, !8!84-227). In 1918, a serious outbreak 
was J:eportedJy held in check in Russia by the parasite Oollyria cal
cUrator (Gra,Yenhorst) (12). Serious outbreaks and damage were 
reported in North Africa. in 1897 (179), in France in 1914 (125), in 
Germany in 1930 (£03), and in Spain in 1921 (1). The insect WllS 
found in eastern Canada and in New York in 188'7 ('223). The (l,rea. in 
Canada hILS not. increased, However, in the United States infestations 
wel'e reported from .Maryland in 1D15 (:86) and from P~nnsylvn.nia in 
1!)1!) (17.:1). Serious damage oC't'urred in K ew York in 1!)21 (173). 
Som€;'. damage has resulted in areas of the East where pygmaeu8 occurs 
((JO), but parasites introduced in the early 1930's ha.ve prevented this 
species from causing mu('11 loss. 

('. tabiliu8 has long been a pest of cereal grains in Europe. Com
petition undoubtedly occurs between tabidu8 and pygmaeu8 since they 
inhabit the Same areas. O. tabid11.s contributes to the loss attributed 
to pygmaetlR, but it is seldom given credit in the literature for damage 
it caused. Collections of tabidu8 wet'e made prior to 1899 at Riverton, 
N.•J., and during the next 20 years adult.s were reared 0" collected from 
seattered localities in Pennsylvania, Maryland, Delaware, and Vir
ginia, (( ....n. The insect appeared in Ohio in 1934 and caused spotty 
damage there ('70). 

The loss due to sawfly infestation is twofold. When the larvae 
tunnel the stems, they interfere with nutrient transfer and also weaken 
the stem. This injury causes a smaller and lighter kernel (197). The 
larvae also girdle the stem at the base when preparing for hibernation. 
Gi relIed stems break off and lodge or fall to the ground (fig. 2). 
Some of the fallen heads are lost in harvesting, and occasionally wet 
weather causes molding or germination of their seeds. The losses in 
kernel weight and cutting of the stem are similar for all three species. 
The loss from reduC'ed kernel weight ranges from 5 to 30 percent, but 
the estimateclloss from fanen heads is not. available. 

Damage to the cereal grains by sawflies is caused sole1y by the 
larnte. The female aclultpunctures the stem to oviposit (fig. 3, B), 
but this does not permanently injnre the stem nor has it been noted 
to produce a.n ayenue for disease penetration to (wy great extent. The 
larvae, on the other hanet feed by tunneling up and down inside the 
f"tem (fig. 3, 11). This tunnel ing, feeding, and ultimate cutting of the 
stem eause the loss. Ainslie (;J), referring to cine t:1.l8 , stated, "The 
quality of grnin from the fallen straw is naturally somewhat. below 
normal since the work of the lan-ae in the stems produces some injury 
in the heads as they fill." Losses due to tunneling by cin.ctu,~ may 
l'ange il'om 10 to:20 percent (138, 197). 

Seamans €;'t at (IlJ7) found that a bushel of wheat weighed:;> ponnds 
If'sS from infl'sted than from tlninfeRled stems and usually rated one 
gra.de below the latter. For 7nJgnUleu.~, this loss has been pll1:ced at 
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b'Wl'IUJ !l.-i:-iuwfl.r ('utting of sus('eptihle wheat mriety. 

Ii-:W l)('rcellt (117, JJ{J, 2J,)'. JJr}). ({olell1biowska, (fj7) estinmted the 
loss at i-:n I)(.'l'et'llt based on It :~-year study in Russia, and losses of 
~7.!)-:~:U percent were fonnd in Italy (lJ.J). ~uch losses for taoidu8
infested grain abo lUl\'e bN'n in(lil'ated, inaSllllll'h as this species is 
found in the ;.;ame area;.; as py{JII/Ilfl/S and often in the same fields in 
the 1<:a;,iet'l\ 1lemisphere. 

Comparison of yield from head" of infested and uninfested stems 
<'ont·a,ins a built-in pitfall (/7,3, 1.97). LtLI'ger stems :tl'l' usually in
rested, wlll'reas slt-n(h'r til1t'r stems are 110t. Therefore, heads on in
fested stl't1lS oftell produ('p Illore grain than heads on tlninfe~ied stems, 
as has been found by SOIlH' workers (148-lFjO). 

"Whitl' top" of wlwaf and grasses has bee!l attributed to the tUlluel
illg and fl'(,lling of the sawfly !:tn'ne.; IlOwe\'(>[', this appan'lltly O('Clll'S 
rarely and is of lJIitlor importallce (l[)','-?45), 'Yhile top 01' yellow
ing of the Iwad is tllost often tllP lH'od\lct' of root rot rather than tIll' 
I'psltlt of sawfly tunneling, 

Tlw l!)~s ([11(\ to fallen Ill'ntls dept'IHls 011 till' infestation, !lumbet' of 
plan.ts pet" ~quat'(> foot, and wind and pt"l'('ipitlttiot1 before haITl'st. In 
a thin stand an(l S(>\'PJ'(> infestation neBrly the l-ntirl' (TOP might break 
and fall to dIP gl'ound, \\'1H'l'e~\;.; in a {hiek ;.;Iand and lighl infestation 
(lilly n. \'PI'Y fpw lit-ad", mi!!ht fall. Fallell lIl'a<ls an' dijiirult to piek IIp 
fot' tht't-shill!! llntillluch of thp falll'n !!I'ain tllay ill' l()~t if hellvy rains 
0('('111', :--iilatt(>l'ing mil,\' abo 0(,('111' in tltp pl'(X'l'~s of pi('king up the 
f'a\l!'1l gra in, 

T!1P llJol1l'tal'Y lo;.;s frolll "a\\'t\il's "aries from year to yl'al', and is 
oftpll diflieltlt to clPIl't'llIitH', Lo.:;"ps ('ausl'd hy (·illdll'~ \\'l'I'(, estimated 
nt 1,H17,,~~,~ \mslip\s fe)l' .~rontalla amI ~()l'th l)ako!rt in H}f\l (1!!-4) and 
:W Illillion ilusitl'ls annllally fot' Catlada (f(j.n, King (j(jJ) ('akulltted 
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)<~IGURE 3.-DullIuge cuused by wheat stem sawtly: A, Oviposition and larval feed

ing in wheat; 1:, ovillositing female (enlarged); a, ovenvintering larva ill 
cocoon in stub (enlarged). 

785-055 0-6!l---2 



8 TECHNICAL BULLETIN 1350. u.S. DEPT. OF AGRICULTURE 

the loss oyer a 5-year period in Canadn, at 2,4()8,OOO British pounds and 
stated that. much of the loss occurred in the 1926 outbreak. These esti
mates are based 011 suryeys of infestation ancl cutting by the sawfly. 

Attempts to determine the damage by sawfly populations have not 
met with success. Unpublished studies concluded in 1951-54 in'Mon
tana by ,y. V. Campbell, fOI'merly with the Entomology Research 
Division, and R. L. Gallun, of this Di\'ision, showed thllt an increase 
of o\'e1' three females pel' square foot adderllittle to the ultimate cut
ting. \Vork in Cnnada showed little dilferenee between 1.5 and ~ 
females per square foot (85). Vttriability of the season a.nd its effed 
on the crop eompllcate this t.ype of study. Fot· example, in dryland 
farming, scant rain during the growing season produces a rapidly ma
turing crop, lmd many of the 1n.rrae ma.y be destroyed before clitting 
oecurs. SImilarly, excess moisture ma" reduee larvae survival in the 
stems. A better understanding of the effect cliJmltie eonditions 111lVe 
0n the sawfly larvae and the efred of the larvae on the host plants under 
these conditions is necessary. 

DISTRIBUTION OF SAWFLIES 

e. (:;ndll.~ is wielely distributed in the "United States west of the Mis
sissippi River (fig. ,b). Its southern limit seems to be n.bout the 36° 
parallel. Ainslie !:'~'ltablish!:'d the locn.t.ions of collect.ions in the United 
States !tnd noted they y;erc in the Stl1tes ,vest of the Mississippi, ex
cept Arkansas, Louis1f..na, Oklahoma, Texas, lmd Arizona (3,;,,175). 
In Oanada t.he range is listed as southeastern Alberta, the Pe!l.Ce River 
ltrea of Alberta. southern Saskat.chewan, and the sout.hwest corner of 
~I!tnit.oba (J4li): In spite of the wide range of this insect, Davis (88) 
noteel that economic loss is] imited to a small pn.rt of this area. 

The est::tbl1shed distribut.ion of rill~f1.18 in Canada is the area. of eco
nomic loss, except in the Peaee River area, whereas in the United 
States serious losses have been reported only in northern ~fontana, 
North Dakota, and pockets of South Dakota, vVyoming, and Nebraska. 
Of course, the areas of economir. import.ance in t.he United Stat.es are 
by no means constant. Cultuml practices, climatic conditions, and 
phenolof..ry of the host$ !tfl'e('t s(twfly survival. This is apparently true 
in Canada also, as indicated by a study in 1D23-27, when T1'iticum 
ae8ti1)ll'm L., "'hich is often cut 70 percent. or more, wa.1> found to be cut 
only 33.7 percent (143). 

O. lJygnuJ,ell8 n.nd tabichl8 occupy about the sa.me a.tea in. t.he Eastern 
HemIsphere. They a.re widespread and can be found III England, 
ScandimLVia., Russia, Germany, IIona.nel. Frll.nce, Italy, Spain, Algeria, 
.\l'llbia, and Iraq (154.156. Z/5l). 170. 771. 17S: 1'78. 1'7,9. £0£. ~£4, ££5. 
B,J6, £jJfi). In the-Fnited St.ates both are. confined to the Eastern States 
{fig. 4). O. pygmaell8 was reported ne;tl" Ottawa, Canllcb, and in New 
York in 1887 and has since spr('ad into )Iassaehus('tts, Pennsylvania, 
.)bryland, a.nd Delaware (64.). (I. t{(bidll.~ ('an he found in Pennsyl
vu.ltitt, New .Jet'SCcY, Delaware, MRl'yhnd, Virginia, eastern 'Ve.'>t Vir
g-in ia, and eastern Oh io (70-';'.5. [);J, 184, gg;j). These two Enropeall 
:;pe<·.i('s in the r'"nitNl Stn.t('s still fiuctUltt(' and may I'Wnt11lllly occupy 
It 1IL1'g"er It.ren than they now do. 

http:rill~f1.18
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l"IGI'Il~: -i.-Distribution in United States and Canada of tllre.· HVI-'d.·:; of grain
infl'Hting HIt wfIil'H. 

HOST PLANTS 

('. ('inrtIl8 is \'N'y flexible in host possibilities, )ullong t.he cultinlted 
grains, neal'ly a.1l !u'e aC'eepted as hosts, although wheat seems to be 
preferred. Solidn('s::; of ::;tt'm is a dett'ITent in ~yht'at, but in oats, which 
is hollow stemmed, the lalTae fa.il to develop, The speeies of cnlti
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vated grains in which cirwt'llS larvae can develop are as follows: 
11o'rde'um '1yulgm'e I.., Secale cere ale L., Triticum aestvmwIJ ssp. 
aestivwm., ssp. cO'Tnpadwm. (Host) MacKey, ssp. spelta (L.) Thell., ssp. 
8phaeroCocC'ltm (Perc.) MRcKey, ca1·thlieum Nevski, dicocc'um Schubl., 
d'tt7"ltm Desf., rnonOCOCC'ltm L., poloniC'ltm L., tirnopheevii (Zhuk.) 
Zhuk., and turaniC'ltm Ja,kubz. T. monococeum is a slender stemmed 
wheat and is not readily chosen for oviposition. H. 'L'ulgare and S. 
cereale dQ not allow many of the larvae to develop. T. d1trUm, poloni
cum, and timopheevii show some resistance to larval development. 

In addition to the cultivated hosts there are many wild grasses that 
allow development of c:inctus larvae to some extent. Following is a 
list of grasses, with notations on the host suitability and the author 
of the notation indicated: Agropyron caninum (L.) Beauv. (3), ms
tatum (L.) Gaertn. (51J) (has slender stems in dense stands), dasys
tachyum (Hook.) Scribn. (3), elongatum (Host) Beauv. (51J) (solid 
slem, deleterious to larvae), gr'iffithsii Scribn. & Smith ex Piper (5~), 
intermed'lum (Host) Beauv. (41, 4~), repens (L.) Beauv. (3, 168) 
(large stem, more suitable than smithii) , smithii Rydb. (31,41J) (half 
of stems too slender for oviposition), subsecundU1n (Link) Hitchc. 
(3),2 trachycaUlJunn (Link) Malte ex A. F. Lewis (168) (slender stem, 
~ome cutting) (3, 33, 41, 42) (75-percent infested and 35-percent 
parasitized), B eckrnannia, syzigachne (Steud.) Fern (5f:?), BTO'InJ/.t8 
~ne"'7nis Leyss. (3, 36) (pa,rasitism high in this grass), secaUnus L.,2 

tectorum L. (larger stems cut in greenhouse) ,3 OaZamagrostis sp. (3), 
Oala11wvilfa l.ongifolia (Hook.) Scribn. (41, 42), Deschampsia sp. 
(3), Elymu8 canadensis L. (3), einereu8 Scribn. & Merr. (many dead 
larvae, some cutting),3 condensatus Pres] (3), dahu1'icus Turcz. (51J) , 
gla1tcUS Buckl. (many dead larvae, some cutting) ,3 innovatus Beal. 
(3), mMownii Vasey (3), Festuca sp. (3), Horaewm. julJaflwm L. (3)~ 
(stems rarely large enough for larval development), nwntanenses 
Scribn.2 (stems rarely large enough for larval development), Phleum 
pratense L. (3, 5~) (bulbous spring growth crushes larvae), Stipa 
v1:ridJula Trin. (5fZ) (solid stem, very little cutting). 

Criddle (31) stated that Agropyron species were preferred by cinc
tu.~ as host plants prior to the commercial production of wheat. Mills 
(140, 141) stated that apparently the gramas (Bouteloua) , blue
grasses (Poa), and fescues (Festuca) are little infested. From 
observation and reports in the literature, slender stemmed grasses are 
shunned by the female sa wfly. There is also the possibility of mechan
ical resistance of the stem to oviposition, but there is no definite 
evidence. Also, the phenology of the grasses at the time of sawfly 
emergence affects host seleetion. Criddle (31) believed that culti
vated grains were unsuitable hosts. He noted th~\t small adults were 
produced and that the population dissipated. However, reseal'ch 
workers are well aware that since these observations in 1917 the sawfly 
has adapted to wheat. 

, MANGLITZ, G. R.o and BENTON, CURTIS. INVESTIGATIONS OF THE WHEAT STE~r 
SAWFLY IN THE WINTER WHEAT BEL'l' OF THE UNITED s'r_O\TEB. {',S. Dept, Agr. Re!l. 
Servo Spec. Rpt. W-17, 13 pp. 1954. 

J Personal observation by L. E. Wallace. 

http:BTO'InJ/.t8
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o. pygmaeu8 and tabidu8 have a much smaller host list and are 
restricte.d largely to cultivated gru.ins. The first will attack Br01nu.~ 
secalinU8, wheat, barley, rye, and oats (64, 173, 1331). The secone 
attacks wheat, barley, rye, and oats. Indications are that both orig
inally attacked wild grasses, probably those closely relp.ted to the 
cultivated grains of today. The reductIOn in host plasticity is perhaps 
a result of a long period of development in cultiva.ted grains. This is 
borne out to some extent by the fact that the OephU8 species are most 
prevalent in the Mediterranean area and the Eurasian steppes (8). 
In this area there are many species attacking grasses, but only the two 
mentioned are a problem in cultivated grams. Other grasses are 
attacked by unidentified species of OephU8 in Russia (117). 

Oats and flax are examples of plants where sawflies deposit eggs, 
but fail to develop (53,89). 

EMERGENCE AND HABITS OF ADULTS 

Emergence of the aduHs varies with the latitude. An adult of 
cinctu8 was swept from alfalfa in Utah as early as April 26 (3). In 
Montnna and Canada the adults usually appenr in the middle of June. 
At Ithaca, N.Y., pygmaeU8 appears about the first of June (173) nnd 
t([,bidu.~ about a week later (223). In Poland the time of emergence 
of pygmaeu8 is nlso the first of June (11). The factors that affect 
emergence are similar in all three species, but they have been most 
studied in cinctu8. 

The weather, soil temperature, and soil moisture affect emergence 
(195). The weather must be sufficiently warm to induce the adults to 
emerge, soil moisture must be high enough for transformation to 
pupae,and there must be enough rainfall to prevent desiccation and 
killing of tr.e pupae. Ideal conditions have been summarized by 
Seamans (195) : A warm, moist May, a hot June with sufficient mois
t.ure to insure good plant growth, and enough dry weather to allow 
the sawflies to emerge. Peaks of emergence occur 2-4 days after a 
hea vy rainfall (124). Warm, dry weather following snowmelt was 
noted as most conducive to emergence of pygmaeU8 (173). 

The duration of adul,t emergence is also a,ffected by t.hese same con
ditions. Excessively hot weather coupled with drying winds tends 
to shorten the emergence period. More moderate conditions allow 
t,he emergence to continue into mid-.J uly. Th~e same conditions also 
affect the longevity of the adults. The lifespan has been estimated 
as 5-8 days for Cinct1l.~, and this has been extended by furnishing the 
sawflies with sugar ·water. H. W. Somsen, Entomology Research 
Division, stated in an unpublished report that he retrieved It marked 
a.dult 12 days after release. Thus, the lengt.h of .the adult, life can be 
shortened or lengthened depending on the moisture available, ac
tivity due to climatic conditions, and possibly plant exudations. 

Reproduction in the sawflies ,is usually arrhenotokous (122, 208), 
with unfertilized females producing only males. Mackay (122) found 
18 chromosomes in females of einctu8, with only the haploid number 
in tho in:11es. In this species, however, a thelyotokous parthenogenetic 
mce ruppears sporadically. One was reported in Canada in 1938 (51). 
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Xo rmdes were found in one area, but females were a,bundallt. This 
situation persisted for more than a year and finally disappeared. 
Mackay (122) examined females of this race and found no eytological 
difference between the a,rrhenotokous and thelyotokous r9.ces. Smith 
(208) expressed SDme doubt of the actua,l existence of such a race. 

SiI1ce female sa,wflies are usually produced only from fertilized eggs, 
the sex ratio and habits of the male have a direct ,bearing on the number 
of females produced. In the field the sex ratio varies as the season 
progresses (58). Ea,r!y in the sawfly flight there is 'a predominance of 
males, but as the flight progresses the mtio becomes reversed (90). 
TIlliS, the later eggs oviposited have a much poorer chance for fertiIi
z!ttion, because the males !l,re fewer. Also, the ma.les remain mostly 
in the margin of the field. The earlier eggs oviposited produce 50 to 
flO per'cent femn,]es, whereas those oviposited to'ward the end of the 
flight 01' in the center of the field produce less t.han 50 percent females. 

The abilit.y to selectively fertilize the eggs cn,nnot. be demonstrated 
in the three species of sawflies. ",Vall (234-) and :Munro et al. (150) 
obtained a larger number of males from thilmer stems, and :McGinnis ~ 
found more males produced in Thatcher tlmn Red Bobs. These find
ingsindicated there might be some selective fertilization; however, 
Holmes and Peterson (90) were able to exphin the hU'ger number of 
males on the basis of later 'Oviposited eggs. They further pointed out 
that time of oviposition is not always the complete pi'cture, because 
sometimes these early eggs and larvae do not survive and the later 
oviposited eggs do. 

CopUlation can take place immediately after adults emerge both in 
captivity and in the field. The location seems of EWe importance, 
!tlthough it has never been observed while the insects were flying. Ries 
(173) found pyg'lrw,et(s copulating 'almost entirely on yellow flowers, 
and the same hahi t is indicated for tabidu.~. 

During copulation the male clings to the back of the female with 
his abdomen curved down and under the female ovipositor. This 
position is held for about 1 minute in oinotU8 (3), and Ries (173) 
placed it at 10 minutes for pygmaeus. However, the duration may 
vary in both species. Even though the duration of copulation may 
be long in some ('ases, there is no indication that a large amount of 
sperm is stored by the females. In fact, their acceptance of other 
males after copulation indicates very little storage. 

There is some competition between the males, and in confinement 
their antagonism is shown in snipping off each other's antennae. 

Adult activity is associated with weather conditions. None of the 
three species are active during cloudy or windy conditions. Ma,ting 
can take place in ainctt18 at 63° F., but sunny days with temperatures 
of 68° or higher are necessary for ovipositiGn (195). On sunny days 
a wind over 20 m.p.h. causes cessation of activity. Temperatures above 
90° also inhibit activity. The most activity has been noted on warm, 
SUllny days when there is a 3- to 5-m.p.h. wind. The males are active 
at lower temperatures than are the females. 'With cessation of activity, 

I ;\fCGIXXIS, A ..J. SEX HATIO ox TilE WHEAT STEM SAWFLY CEPHUS CINCTUS 
XOIl1'. 1950. [Unpublished doctor's thesis. Copy on file ill Library, Mont. 
State Col., Bozeman.] 
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the sawflies rest OIl the leaves and stems of the host plant, clinging 
with alllef,TS and c10sely adhering to the plant. 

Adults spend little time in feeding, since they apparently do not 
lleed llourishment. However, r:inctw; has been noted to take moisture 
from damp sand (3). Farstad, in unpublished notes, observed that 
this. species did feed on mustal'd flowers.5 European authors (5,9, 
200) give yellow flowers, alfalfa, and other blue flowers as favorite 
congregating and resting sites for pl/gmae'u8. 

The length of time from copulat1011 to oviposition has not definitely 
been established, but it is usually several hours for cinctf/.l'~. It could 
be as short as 1 hour, but during periods of inactivity it could be much 
longer. Females make their way to a suitab1e host and begin to seek 
an oviposition site shortly after copulation. 

The adults of all three species are weak fliers and do not move far 
from the emergence site. (I. Cinct1lS has been reputed to travel ns 
much as one-hnlf mile if suitable plants are not available (35), and 
under ideal eonditions a mile or more might be covered (57). In an 
unpub1ished report, H. 'V. Somsen recovered a marked fema1e that 
had traversed 35 rods of fallo·'\ and 135 rods of grass land. These 
estimates are extremes. Evidence of oviposition indicates cinctu/3 will 
accept such undesirab1e hosts as oats and flax rather than traverse 
long distances. C. pljgmae:ll/3 follows this pattern also. O. tahidu,~, 
which has no known wild hosts, may make a much more concerted 
effort to find a suitable host. 

What constitutes a suitable host and how discerning the female 
sawfly is are debatab1e. Early records on cinctll8 were contradictory. 
Seamans ancl Farstad (196) found that female sawflies preferred 
Agr'opYl'on smithii plants with heads, although Ainslie (3) stated 
ear1ier that they preferred plants 'without heads. Holmes and Peter
son (86) found that preference for oviposition was related to the stage 
of plant growth at the time of sawfly flight. Different varieties of 
wheat reached their peak attracti\'eness at different times during the 
gl'Owing season. Farstad and Pl.'ltt (57) noted that wheat was pre
fen'eel over barley. Spring wheat is preferred to winter wheat, but 
winter wheat that is late is often heavily infested (86). However, 
the earlier emerging piJgrnaell.'3 prefers winter wheat. Golembiowska 
(67) gn,ve winter wheat and winter rye as the preferred hosts, and 
Udine Udg3) noted that tabidus prefers spring wheat. 

The stage of plant growth that is most desirable has been clarified 
by H01mes and Peterson (86). They found tlULt cinctU.'3 preferred 
the more tender part of the internode for oviposition. Furthermore, 
they found that fema,les prefer an elongatinO' internode. The wheat 
plant begins elongating in the lower internocfes first and these become 
mature and harden first. The elongation of an internode begins at the 
bottom and this elongation continues in the basal part after the upper 
part has tensed to e10nga,te and has become hardened. Females seek 
the elongating part of the lowest internode for oviposition. Thus, 
~'arly emerging females oviposit 10wer in the stem than late emerging 

• Hor.~[ES. N. D. ECOLOGY o~· THE WHENr STE~[ SAWFLY CEPHUS CINCTUS NORT. 
1!}54. [Unpublished doctor's thesis. Copy on file in Library, Oreg. State Col.. 
Cormllis.] 
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females. In general, more eggs are placed in plants with the largest 
number of elongating internodes (86). 

reline (223) stated tha't ltwidw~ preferred the upper internodes, and 
Hies (17,3) stated pygmaeuoS preferred the third Il1ternode below the 
head. These variations indkate that plant maturity affects the selec
tion of an oviposition site in these species also. There is some indica
tion that the hol1ow part below th~ node in solid-stemmed wheats is 
sek~·1t·d for oviposit'on (8U'). 

Dhuneter of the stem is another important factor in host selection. 
Large stems are prefetTed by C'inctll.~ Iwd 7Jygmael/,8 (3,85, 200) and 
the more slender stems are shunned. This selection is very likely 
practiced by tabidu8 as well. 

Female selectivity is a.rparent only when a diverse source of host 
material is available. Alllslie (J) and Seamans (195) both reported 
3--+ eggs of tindll.~ in short spring gmin with only one internode. 
Farstad (54,) reported fewer eggs in solid stems. However, this 
,;e\eetivity ean be explained on the basis of rate of pla.nt growth ra.ther 
than sol icine..'5S of stern (86). 

TIH~re seems to be some resistance to oviposition. The female may 
exelTise some selectivity in choosing an o\'iposition site. Stem di
ameter llnd stage of development are more important fadOl'S in deter
mining oviposition sites than is solidn~c;s of stem. 

Ainslie (3) working with cin,('tll.s and Ries (In) working with pyg
llUleu.~ described oviposition, and both descriptions are similar. Ueline 
(l2'23) reporting on tabiduR did not describe o\-iposition, but indicated 
it was similar to that. of l):lfgmI1R1"~. The adults alight on or crawl to 
t.he wheat. plant. and crawl up to the top, usually stopping now and then 
to clean the body antennae and legs. They then descend t.he plant in a 
slow, hesitant, antennal-exploring fashion. After selecting a suitable 
spot, they usuaIly preen themselves and test the stem ,,-ith their O\Tiposi
tor while maintaining a head-downward position. The ovipositor may 
be forced into the stem in several spots before a suitable site is select.ed 
for o\Tiposit.ion. If the site is s!1!tisfactory, the female usually lays an 
egg and then flies to another stem. (Fig. 3, A, B.) 

The o\'ipositor is composed of two pairs of laterally compressed 
appendages with serrated backward-directed teeth at the tip on the 
dorsal side and two rows of teeth on the ventra.l side. These append
ages appear as an im'erted sword protruding from the eighth and ninth 
sternites and a.re enclosed in a sheath.') The dorsal pair of appendages 
functions together and is connected on the dorsal side for about one
half its length. This piliI' meets the \'entral pair along its yentral 
surfaee. The \'entml pail' ean be operated independent.l), of each other 
and of the dorsal pair. By sliding these pairs on one another the plant 
tissue is penetmted. 

Fema.les do not saw a. hole in the tissue, but rather forre their way 
between the ('ells: howe\'er, the o\'ipositor is sueh a coarse tool in rela
tion to plant ('~11 size that some of the eells are ruptured. The oviposi

• )fASilO:-O. G. Jo'. THE f;XTERSAI. ASATO~I1' OF TilE AIl\"I.T WITII SOlIE NOT~"S ON 
1I/01.0G1' m' CF:PIII'S crsen:s :-OOltT {\\"t;sTlm:-o WHEAT sn;~r SAwn..... ] r II y~n::-OOI'TEIIA : 
(,EI'HWAt;,. 1\):12. [('II(1uh1i:,;hl"(l IllIl"U'r':,; thl.'sis. COllY on flle in Lihrary, Univ. 
of Hu:,;knteheWI11I, ~al:'kutoon.] 
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tor is forced into the plant tissue and withdrawn several times before 
it remains inserted, and then the sawfly remains motionless for a few 
seconds. The egg is probably deposited in the stem during this mo
tionless period. 

Ries (173) reported that the egg of pygmae1l8 is deposited in the 
lumen of the stem on the side opposite the puncture. Kreasky 7 showed 
by slides that cinctu.s deposits the egg on the same side as the puncture 
or in the pith of the solid stem. 

The number of eggs the sa wfly will deposit apparently varies with 
the vigor of the adults. Ainslie (.3) found that the eggs deposited and 
those remaining in the sawfly averaged about 50 in cincttls. This Sc'lme 
number has been reported for the other two species (173, :2g3). Other 
workers studying cinctus obselTecl16 to be the exact number laid (g3.~). 
The potential number of eggs is apparently between 40 and 50. The 
number deposited in the host stems may be affected by longevity of 
the female, hosts available, and sizeof the female (9,J4). 

Ainslie (3) observed that the cinctl.lS female deposited a single 
egg in each stem. He observed that the female always left the stem 
after oviposition. Ries (173) found about the same thing for pyg
maell-Y. Cdine (g28) indicated a similar habit for tabidu,s. There
fore, the pattern of a single egg laid per stem seems to be the rule. 
However, in a heavy infestation se\'era.l females may oviposit in the 
same stem. Evidence of oviposition by a prior female is ignored 
by subsequent females who visit the stem. 

DESCRIPTION AND DEVELOPMENT OF EGG 

Ainslie (3) described the egg of cinctu8 as follows: "The egg is, 
when laid, decidedly crescent-shaped, glassy in appearance, milh.-y
white in color, usually quite symmetrical, the ends of the crescent 
tapering and rounded. It is marked by very faint, short, longitudinal 
lines or wrinkles, placed without regard to order or pattern." The 
size of the egg varies with the size of the female. Ainslie (3) gave 
the range of 1-1.25 mm. long and 0.33-0.42 mm. wide. Ries gave 
1.05-1.19 mm. long and O.-:I::2-0.5H mm. wide for pygmaeu,~ (173). 
Ainslie worked with dissected eggs. Ries stated that the largest 
eg{! hatched before he could make a second measurement. 

The most complete description of the development of cinct1l8 eggs 
has been given by Ainslie (3). 

A few hours after the f'gg lea'·es the oviduct the milk-white contents of 
the egg, which at first c(llllpletely filled the envelope, shrinks a little from 
eath end lea,·ing a transparent space or vacule. Gradually the interior ma;:s 
of exceedingly minute particlE'S c-oalesees until about the seeond day when 
a series of faintly disc-ernible c-ells arranging themselves along a central axis 
ool,rins to appear. Early on the third clay the form of the larnle ean be 
dimly seen, the head being almost transparent and filling one end of the egg 
sac. The body is looped on itself, the cauda folded benenth the abdomen and 
extending forward nearly to the head. By the (·lose of the third day the 
abdominal segments are usually well defined. 

1 KREASKY,.J. R. O'·lPOSITIOS O~' TilE. WHEAl' STE~r SAwn.Y CEPIIrs CISCTUS NORT. 
WITH Sl'tX'UI. REFERESCE TO so~rE ~IOltl·HoLOGIl'Ar.l'HAIlACTERS m' 'TLGAR~; WHE.\TS. 
]0::;::;. [f'npublishE'(\ mastl'r's the-sis. Copr on file in Library, :Uont. Htarte Col.. 
Bozemlln.] 

785-95;:; o-61;.--a 
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During the fourth day, in most cases, a spasmodic intermittent heart beat 
may be noticed. These pulsations become more and more regular as the 
hours pass, and during the fifth and sixth days the heart beats with much 
regularity at the rate of about 120 impulses per minute. At intervals, for 
some unknown reason, it may slow down to 75 beats, but soon resumes its 
former rate. 

The head appears abnormally large at this time, but although its general 
outlines are well defined the brown jaws and eye spots are not yet visible. 
OYer night, at the close of the fifth dllY, the jaws turn brown and the eye spots 
appear and darken. Usually, after the fourth day, the muscular system of 
the larvae is in IIlmost constant motion, shifting and adjusting, with the 
heart pulsating and the muscles moving, all clearly to be seen through the 
transparent membrane that serves as the shell. 

The acth'ity of the larm within the sac increases during the sixth day, 
and either on this day or the seventh it escapes from its eonfinement by a 
series of eonvulsh'e movements that rupture the delieate shell and set it free. 

AftPr the first dllY till' egg ehung!;'s shape. beeomes intum('se!;'nt, generall~' 
loses its ereseentric stape entirely, and grows ovaloI' renifoMn in outline. 

Ries (173) did not give an incubation time for pygmae1lJ, but 
t"dine (~9.3) stated that ta.bid1l8 eggs hatch in 4-7 days. 

DESCRIPTION, DEVELOPMENT, AND HABITS 
OF LARVAE AND PUPAE 

The newly emerged cinctUJ larva (3) is transparent and colorless 
until initial feeding, when a ~rreenish-yellow hue develops from the 
plant material ingested. The~head, thorax, and abdominal segments 
of the larva are easily identified after emerging from the egg. The 
head is pale brown WIth dark-brown four-pointed mandibles and eye 
spots, and can be withdrawn into the first thoracic segment. There 
are no legs present, but they are represented by thoracic tubercles 
(fig. 1). The head and last abdominal segment are sparsely pilose. 
A pygidium bears bristlelike setae at the base. Measurements of the 
larva vary, but average about 2.24 mm. long and 0.54 mm. wide at 
the widest pa.rt. Ries (173) ~tve a. similar description for pygmaeu8, 
but the measurements were 1:(5 mm. long and 0.28 mm. wide. 

~\.fter emergence t.he young htrm immediately begins to feed on the 
pith in the. stem. It feeds up and clown a, short. clistanee from the 
()\'iposition site and eventuaJly works its way down the stem (fig. 3, 
A). Holmes (78) studied the feeding of rinctu8 and found that paren
('hyma ma.kes up the bulk of the tissue ingested as the latTa moves up 
and down the stem. Howe\'er, as the lan'a. matures it may also ingest. 
\'asrulal.' tissue and, in some eases, ehew through the hypoderma. of the 
stem and into the leaf culm. . 

The number of instal'S iH not definitely kllown anel is difficult to de
termine because the hll'\'lL feeds up and down the stem and reingests 
fmss along with new phLllt tissue (fZJij). Thus, the cast skins are 
destroyed. Ainslie (3) noted only fOUl' instal'S, and Farstac1 (5f3) 
e1aimed a doubtf1l1 fi\'e. As the ]arnt matures it elongates and the 
pygidium becomes more pronounced. The pygidium aids in locomo
tion lip and down the stem and also serves in conjunction with the 
\'antral part of the abdomen to give the body support when feeding 
(18). The latTa call tum in the stem, but as fall approaches it grows 
hU'gel' and is usnally found facing up the stem (fig. 3,.fl, (!). 
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'l'he larva is cannibalistic, and the low,er larva on encountering the 
one above will devour it. Because eggs are usually laid lower in the 
stem first, the first latTa to develop is probably the one that sUlTiYes. 
This indicates that clired competition between earlier emergin~' 
PYY"UleuB and tabidllB may result in destruction of the younger larva of 
the latter. This competition is avoided in host selection and in the 
Eastern Cnited States by area (BP.3). 

Ries (773) deseribecl the nUll nre· larme of Pyymaeu8 as follows: 
The body is nearly eylindric'al in outlin~. 'rhe ht'ad is of IIwdilllll size, ht'in~ 

lIlueh smaller thllll l'ither of tht' thorn<'ie St'~ll'lltS. The thora('i(' sP~1l1ents arl' 
somewhat swollell; and the abdonll'll taper:; g-radually from the thorax to tht' 
('auda! t'nd. 'rhl' nntl'lllUIE;' arE' four-:wgIlll'ntl'd. and tuper :;trong!y. A sh()l·t 
distunee \'l'ntro-eaudud of eaell uutl'ulla is a .'!ing!e OI'elus. The labrum is 
pro!llilll'nt and slightly l'llUlrginate, Thl' mandibll'::; urt' strongly toothE'd. 'l'he 
maxillary palpi are four-st'gl!1('lIted. Thl'rl' an' 10 pa irs of spi racl('s, 2 thoraci<' 
and H abdominal. The prothorlleie spiraell's arl' nllH'h larger than the others and 
lire greutly elong-at('d. Th(' st'('ond spirudes OIW!l in thE' fold betweeu the IllE'SO
thorax and n1l'tnthorax. 'I'he remaining spiradl's are on the abdomiual st'gments 
ont' to E'ight. 'l'hE' thoraC'ie lE'gs are l'eprl'Sented by very l'hort tllbNdes. There is, 
at thl' ('IHHlal end of the body, Oil till' middle line. dorsad of the vE'nt('r, a pl'omi
nent tuben'le, This is tE'rlllinuted by a ehitiIlolUi fE'rrule-like ring, lind is 
doubtl(·ss lin organ of loeomotion. On l'aeh sidE' of the ventralloiJE' at the ('audal 
E'nd of the body th('re is I\lso a "tout spine, '1'he8e spines IlrO'bably Illl\'e the saIll!' 
fun('ti()Il as the tuberclE' just described. 'rile hOdy is nakE'd ex('ept the head and 
('audal E'xtremity. 'l'lwre arE' a few slt'lI(l('r seattt'rE'd Imini upon the lwad, and 
It like quuntity of stronger more spine-like hairs at the caudal pud. 

The intel'lHtI anatomy of the rinr/1l8 larnle has been studied by 
!T'.>imes (78) and ~(axwell lJ.3(J), Holmes' clesel'iption is as follo\\'s: 

The mandibles are of the phrtophag-ous biting- and cht'wing tY{)E', with well
detinE'd incisor alld molar region;;. ThE' maxillae are closely as>;()('iat('d with the 
labium and hypopharynx to form an "underlip compl('x," The lig-ula is a ~illlph' 
flap bearing thl' oriti('p. of the labial glands in its "('ntral surfaep, 

'I'hE' hE'ad eU[l>;ulE' is str('llgth('IlPd alollg it~ i<Ubgt'llal r('gion by II strong 
plE'urostolllal ridge bE'arillg till' lllllIHW,ular arti('ulatiolls, Alltprior to the mandi
hips, il pair of E'l)istolllat bnrs extends to tht' antE'rior tentorial pits, 'I~he~e bar" 
urI' ('onlw('tNl b('bn'('u the pits by an eph'tollltti ridgE', ThE' tf'ntorinlll ('clIlsist,; 
of a puir of antl'rior urmR nm1 It strong' tpntoriul hrirlg-e. whif'h originatt'S in 
thl' pmlto('('ipitat suturp. 

'l'hE' lubial p,land;; nt'P a pair of l'longatE' tu!JI'i<. whi('h li(' fr('(' in tl1P body 
('uvity, onl' on E'a{'h sidE' of till' alimE'ntary canal. gaeh tub£' is U-shalll'd, thE' 
Jlostprinr ('IHls tl't'minating n('ar thp ,'('ntri('ular \'(Ih'('. '1'11(> ant('riOr part E'n
('ir(-Ips thl' gastric' eal'('UlI1 nnd is enlnrg('e! to form a rp';E'n·oir. From thi;;, a duet 
IE'UII,; forward to form a C'Ollllllon tubE' \I'ith till' corr('sponding du('t froUl tlH' 
othpr rp,;pn'oir. This tubp hal' it,; olltll't in till' \"t'lltral Hllrfal'(, of the ligula. 
TlwSl' gland:; pro<lu('p ,;Olllp hydrolytie ('nz~'m(':; m; w('ll as the ;;('('retion for til(' 
('onHtru("tiOn of thc' oYprwintl'ring eni'C', 

'1'11(' ,;tol11urlaplIlll is inYllginat('11 into the anterior end of the lIl(,llenteron to 
form tIll' Htomndac'ul vaIn', '1'wo m'atp g-Illltrie ('ap(,:! E'lllpt-y into thE' anterior 
('ud of thE' m(,HPllti'ron, ThE' (Ipritrophi(' mpllliJrnnE' is ('ont illUOUS with the \"en
trkular E'pithE'liulIl and np[)('ar" to hp formpd froUl the entirp ;;;urfa('e of the 
lattc'r. At th(' pOHtE'rior ('1](1 of OlE' mPHc'nt('ron till' ('pitlll'liulll of tlw "t'ntri('ulll:; 
projE'd:s into till' pro('todaeulII, forming till' ypntrieular yaln', The proetoclueulll 
is diff.E'r('ntiatE'd into IlIL untl-rior int('Htilll' une! a f1ol'tE'riOl' int'pstillt', or rl'('tulII. 
III thc' rp('tlllil th(' linillg' prrJjI'et,; into tIl(' lUlIleli as :;ix riclg('-like I"t:ru('tur(';;. 

'I'hl' IItrnl PO""C'SHl''; 10 :\[uillighinn tuh('", whit-h PlIIllty into the alilllE'ntal')' 
('anal through It ('('ntral olwlling in thE' "Plltral surfael' of thE' [Iro('toclapulII, All 
thE' tubE'S lip fr('(' ill th!' hod)' (-a\'ity; four l'xtl'lHI to the Hntl'rior Plld of tht' 
IlIPsE'ut('rlJtI, four pro('E'\'d caudally to til(' arPH of til(' rN-tulII, amI two E'xt(-IHI in 
all nnt('rior din-diml. 1·E'\·prsp. :lilt! tertllinntl' ill the eaudalllrE':I, 
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The mature larvae of all three species work their way to the bottom 
of the stem in August and choose a place to girdle the stem on the 
inside (fig. 3, ....1). Ainslie (3) stated that this may take place 4 inches 
above the ground' by ('in('fu.~ in E'lymll8. and in many grasses and 
cultivated wheat the site is usuallv 1 inch or less. The last site men
tioned for rinctu8 is more typical of pygmaeu8 and tabhlu.y. 

The process of girdling is similar in all three species. The stem is 
girdled nearly through to the outside, then a plug of frass is pushed 
lip to the girdling groove (fig.:\ .:1). This plug is about one-eighth to 
one-fourth inch in length and is packed fairly compactly in the stem. 
·Whether by design, accident, or selection the formation of the plug 
gives the stem rigidity, which forces the 5[em to break ,,,hen pressure 
is applied rathel' than to ('ollapfe and benel. This prevents the cut 
pncl of the stem fl'Om remaining covered with a collapsed straw, which 
Ainslie (8) rep('lrte<~ will prennt the esca.pe of the c·in{'f'1l.~ adult in the' . 
!?prmg. 

. 

The appearanre of the cut stub varies with the species. Fdine (13123) 
presented photographs of stubs produced by the three species. The 
most ragged and incomplete girdling was by p1Jgnweus, a much 
smoother cut was made by tabidu.~ and the smoothest by cinchl8 (.fig. 1). 
The variety of wheat each was infesting was not reported, and it must 
he borne in mind that the texture and ribbing of the stem vary ·",ith 
the varieties of wheat. The observations made on many hosts and 
varieties of wheat indicate that girdling by ctndll.~ is consistently 
smooth. Perhaps the other species are equally consistent on diverse 
hosts, but a direct comparison of the three species on the same wheat 
variety has not been made. 

After girdling and plugging the stem, all three species spin a cocoon 
within the hollowed-ollt stub (fig. 3, C). This cocoon, wlllch serves as 
a hibernaculum, is se\'eTal times the length of the lan'ae so that they 
are free to moye within. 

The cocoon is composed of a thin cellophane-like mater·ial, which is 
poured out the labium and spread rather than spun as:1 thread. Ad
herence of the cocoon to the plug indicates this to be the starting point 
for spreading. The remainder of the cocoon is free from the sides 
of the stem and may be withdrawn from the stub with the plug. The 
rocoon. is a. thin, brown case, which affords protection from excessive 
drying or wetting of the larvae and pupae. It is pliable when first com
pleted or when clamp, bllt bocomes brittle and cracks easily as it ages 
and dries out. 

The ovenvintering la.r\':1 is a. "ery hardy stage that can withstand 
freezing and some drying (188.18.9.7.91). It is an obligatory diapaus
ing stage a.nd remains acti"e as long as the temperature is not. exces
si\'ely cold. A period of cold is neeessaTY to allow the larva. to develop 
illto the pupal stage in l\[ay. Salt (18.')) gave the tempemture re
quired for pupal development as 10° C. for 90 days. Church (131.1392) 
r'epotted that moisture is also necessllr'Y at the end of diapause to in
sure normal development. 

Church (131) reported that breaking- of the diapause is caused by a 
prot.horaci(' ganglion secretion, which' is triggered by a secretion from 
the bmin. The brain is affected by elimatic c011(1itiolls. If the secre
tion of the pl'Othora('ie ganglion luis not progressed too fal', SUbjection 

http:188.18.9.7.91
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of the larvae to 95° F. rOr about a week will reinduce diapause and the 
lan'ae will lie dormant through the summer. These recliapausing 
larvae then require another cold period to break the c1iapaus? Sur
vival or recli!tpallsing lal"\'I1e is high (80). A second reentering of 
diapause is questionable . 

. Ainslie (3) held Jarme in stubs enclosed in vials ror 3112 years, but 
(lId not !tttempt to rear them to adults. Church (;'39). found that de
hydration at subdevelopmental temperatures apparently permanently 
injured the Jarme and they failed to de\'elop even though they re
mained alive. No such records have been obtained on pygmae1l8 or 
tabidu8, but it is logical to assume that they have a similar mecha
nism to tide them over uniavorable years. 

Once the diapanse in cinctu8 has been broken long enough to,cany 
the larvae through to the prepup!t1 stage, there is no returning to di
apause. Dry conditions will desiccate the prepupal a,nel pupal stages 
(80). The prepupal stage is discernible by the failure of the l!\,rvae 
to assume the "s" shape when disturbed. 

The pupae are exarate in all three species and art) capable of moving 
up and down the cocoon. No exact data on the (ruration of the pupal 
stage are presented in the literature. Ries (173) estimated the length 
of this stage at about a week for pygmae'u-s. This is a fair estimate for 
the other species also, subject to climatic eonditions. 

The pupae of all three species appear much like the adult when 
first formed, except the wing pads are short and they are entirely en
cased in it translucent co\'er (173, £f33). This covering is often rup
tured by movements of the pupae. As the pupae deyelop, the eyes 
darken, the body becomes gradually pigmented, and the wmgs inflate 
and harden. By this time the pupal cover has usually been completely 
sloughed off; however, sometimes patches of it remain c1i~ging to the 
body of the completely formed adult. All this development takes 
place in the COCOOIl, and the adult is capable of flight immediately after 
emergence from the wheat stub. 

The three species of sawflies are univoltine and require at least 1 
year to complete the life cycle. 

CONTROL MEASURES 

Control of wheat-infesting sawflies fal1s into three categories: Cul
tural, ehemical, and biologlcal. Biological control can be divided 
into parasites and resistant varieties of hosts. 

Cultural Control 

The C'ultural practices are varied in form, reeommencJation, and 
usefulness. One of the most obvious and among the first to be recom
mended is burning the stubble. This reC'ommencJation continues in 
literature, but its \'alue is questionable. Criddle (£7) found that burn
ing the stubble for ('indl("~ larval destruction was ineffecti,·e. The 
r~uropean recommendation ((16, 200) urges burning the stubble as 
soon after han'est as possible. This may be soon enough to destroy 
the laryae before they ha.ve SpUll CO('OOIlS, but it must be remembered 
that the hollow part of the stub often goes dOWll into the soil an inch 
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or two, and the heat from the fire does not penetrate the soil to any 
great extent. In addition to the uncertain value of this control, fire 
l~ a hazard to uncut grain, and soil erosion becomes a problem on 
burned-oyer fields. 

Deep plowing of 5 inches or more has been recommended for' all 
three species (,50, 19/;., 22J). In this method of control it was recom
mended that the soil be tur."neel completely over, leaving the open ends 
of the stubble pointing downward. This is effectivc, preventing
many of the adults from emerging; but wind erosion prohibits this 
practice in many areas of the ,Yestern States. 

The use of a single bladl', which would sink under the soil at the le\>el 
of the sl ubble roots and lift them up and thus expose the larnte or 
pupae to desi('catioll, is efl'eetin. .\ one-way disk nJ a shallow depth 
would aeeolllplisi, J1lueh the same f'ffeet. Holmes and Farstad (80) 
found that most d the Ian'ap in stubs exposNl in the fall were de
stroyed dUl"ing the winter if then' was no snow ('o\'el". Exposing the 
stubs from ~rtly ::lH to ,) un!.' -l: also killed most of the prepupae and 
pupae of the sa.wfly by c1(>si("("ation (80). . 

Crop J'otation is all plredive means of redu(,ing the sawfly popula
tion as well as tltt· da.maae it inflicts on wheat. (17.19.148) ..Hosts UII

suit:tble to the, sawfly sU('h as oats, flax, or mustard are useful in a crop 
rotation (lfJ:3). Hosts that allow only a small number of the larvae 
to :;lIn'i\'e, su('h a;:; Illost barleys, some"dllntrnS, fall rye, ancl resistant 
varieties of wheat, are also instrlllllentalin reducing the population. 
In yea.rs with an ettd}' IUllTest, winter' wheat may not allow time for 
f'iI1C/1l8 ancl tabidu8 to ('omplete dewloprnent, but thi') ('rop is ideal for 
pY(JmO(,Il.~. This is not true. in Cltnaila with r'elation to cinctll.~. Bar
ley tmd rye are not as detrinwlltal to pygmaeu8 and tabhhl8 as they are 
to cinclu.y. Hanchen barley in some years is a fa\'orable host to cinc
Ius (:;7). 

Because of the short-distan(,e, low-flying habits of adult sawflies, 
tmp cr'ops have been suggested as a means of control. In this practice 
attractive hosts are planted early around the bordel' of the field. These 
borders reeei\'e a Yery hea\-yinfestatioll and ('an then be cut. before the 
lalTao ('omplete. de,Yelopment. ~\ fallow strip is often mallltained be
tween the trap el'Op and the wheat to be prolected. Some trap crops 
that n,re desirable to the. sawfly but do not allow ('omplete development, 
sueh as PhlflWl 1'7'((.letw'. or thnt will facilitate parasitism, such as 
/1romu8 inermis, may be left standing. In large-bloc'k fa.rrning the 
trap rrops have some merit, but in strip f:lrming as practiced in Mon
t:Lna the loss of time. and uCTeage is prohibithre (192). 

Dela.red seeding of winter wheat is recommended in EUl'Ope as a 
means of eontrolling pyglllacu8 (172). This pl'a('tiee ha.c; also been 
suggested as tL nteans of ('ontl'Olling cine/us on spr'ing wheat, but such 
tt rec'ommenclation has l1e\'er bpen made. (/.38). The delay a110'Ys the 
:-itLWf)y popnlatiom; 10 dissipate or mo\'e out of the field before the stems 
are suitable fOI" o\·iposition. In the rase, of cinrtU8. a predominanC'e 
of mal('s is often ("Pltt'eel from late o\'iposition (lJ4.). Late seeding is 
IHtz:u·dollS in both crops, sinc(' wint(,l" whl'at may suft"er winter loss and 
spring Whell! may not mature or it may be too late to take tlclYantage 
of ll\'ailablo moisture. 
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Heavy seeding in the borders to prevent lodging and reduce sn;wfly 
cutting has been suggested (1f2J). This produces:1 thick stand and 
atl'ords more sawflies an opportunity to o\'iposit in the border rather 
than in the interior of the field 01' strip. ~\ Iso, the cut stems are pre
\'ented from falling to the ground. This practice would be easily ap
plied, but it might be hazardous in a dry year. In a yen,r with ade
quate moisture the objectives of border cropping mig-ht be accom
plished, but this "would not reduce the sawfly populatIOn unless the 
border were destroyed before the sawflies cut the stems. 

Swathing before sawfly C'utting occurs has been practiced snccess
funy to reduce loss from fallen heads (1,97). This practice does not 
('ontrol the sawfly, because the lalTa is uSllRlly below the 18\'el of "ut
ting by this time. The loss of wheat clue to tunneling of the stem 
remfLins a loss, and the sawfly population is not materially affected. 

Fertilizing the crop to prodn('e better yields does not decrease the 
sawfly population. In fact, eddence has been presented to show that 
phosphol'us with or without nitrogen actually increases sawfly cut
ling (119). 

Chemical Control S 

Chemieal control of sawflies is a difficult problem, because the adults 
feed very little or not at all anel the eggs and larvae are inside the host 
stem. Beeause the adults oviposit shortly after emergence, the egg 
and larval stages within the stern are the forms that must be controlled. 
Insecticides have been found that are toxic to adults (81, 235), but 
field application of them failed to pre\'ent oviposition or reduce larval 
cutting. Systemic inSeeticides that will reach the larvae or pupal 
forms and kill them al'e not numerous. The application of such insec
ticides also is a problem. They must either be applied at the time of 
planting, which means a 2-month residual effect, or be sprayed on the 
plant after the eggs have been laid. At the present time no foliage 
spray is known to be effective. 

The systemic orglll1ophosphorns insecticide phorate has given COIl

11'01 as a seed treatment. Heptachlor ltnd heptachlor epoxide have 
sometimes gi\'en good control when used as seed or furrow a,pplica
tions. "Wa.llace (93.3.5) pointed out that although heptachlor is not con
~iderec1 It. systemiC' in:::ecticide, it must be taken up by the plltnt in 
:lllfficient amounts to kill the larvae witl,:' 'h>m. Holmes and 
Peterson (,91) reported that the lower . f he plant. were 
t1lOre toxie than the upper internodes, ann L ..• _. "yfly popula
lions, O\Tiposition in .the higher internodes rec1uceCl \"i. Il'ectl\'eness 
of the insecticide. Xo recommenchLtion has been made for' 'i~trol with 
Insecticides. In )Iontana, ,Yallace (235) reported that with l-foot 
row spa('ing one-half pound per acre of heptachlor in a fun'ow appli
cation has gi ven from 75- to 95-percent contI'ol (fig. 5), and trbatlllent 

"' If YOll lise inRE.'(~tiC'idl'S, apply thl;'lII only when 1Jp.edl'(l and hnndll' thl'lII with 
('nn'. Follow thl' llirediolH; und IWl'd all prE.'(·uutiom; on the ('ontJtiner lahl'l. If 
ins('('ti<'ides are hnlldlE.'(1 or 1I1mlied illlprOJl('rl~', or if lInllspd portioIlsnre dis
pORt'(l of improPl'rly, th('Y IIln~' he injllriol1!; to hlllllallS. dOlJll'Stie nnilllnls. desir
nhl(' plants, honey hee; uIHI othl'r pollinating il1l"p('tl-'. ti!<h. and wilcllif('. ane! may 
(,()Iltuminlltl~ wllt('r l-'uppli('s. 
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f'IGeR~; :i,~Ahon\ ~lwtly ('utting' ill That('lwr wheat treatl'd with heptaehlor 
at olw-lJalf pounu Iwr a('rp; iJelow, 1I1llrputl'll. 

of tL J-I-foot bO!'\lP!' on padl stl'ip. wilE'I'p infpstatioll is Iwavipst, appears 
jlntcti(·lLI. 

."p\'P!'al (('st" hal'e hPl'11 ('olHluC'led nnd plant pa!'ts analyzed for inse('
ti(')(le ['(';;i(ltIP, Olll'-half [loulHl 1)('!' a('I'~' of l\eptn.ehlor !'E'strlts in low 
hut clptp('tablp rpsidlwS ill til(' grpPI1 plant and straw, Thl'!,pfore, till' 
t rpatrd plants slioultlllot 1)(' g!';lz('d by 01' tll(> straw fp(l ro HllilllHls uspd 
fo[, food or as u. III i Ik lOll pply, 
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Bi.ological Control 
Biological control of stem sawflies has not been overwhelmingly suc

cessful. Many parasites luwe been recorded as infesting sawfly larvae 
both in the rnited States (Lnd in Europe. All are Hymenoptera and 
they are classified in six ramil ies. 

The superfamily Chalcidoidea contains the most, species but., in gen
eral, is the least etrecti ve, and many are hyperparasites of more efficient 
pal"USi tes. 
. The family Eupelmida.e contains two species, E~bpelm~ls allynii 
(French) and Ellpelmella,1'esicuZari8 (Retzius) (151). They can de
velop externally on other pa.rasites. In many cases they a,re hyper
parasites. E. allynii has been reared from Bmcon cephi (Gahan) as 
well as from the three species of sawflies. E. vesicuhl1'is has been 
reared from E. allynii as well as dnctU8 ltnd tabidus. Both have been 
reared from pupae of the Hessian fly (Phytophaga dest1'llcf01' (Slty)) 
(7'5), and the latter is listed as a hyperparasite of ApanteZes mela'M
8celu,~ (Ratzeburg) (147), 

The family Eurytomidae has two spedes that have been reared from 
cut wheat stubs. E-ll'rytoma. appendiga<~te1' (Swederus) is an ectopha.
gous hyperparasite of Bracon terebella, 'Yesmael and of doubtful bene
fit as a parttSite of 7:;ygm(/..f:/l.s. E'u/lytolna atl'ipes Gahan has been 
listed as a parasite of ('i-n.('t'lbS and is also a hyperparasite (149), 

The family Pteromaliclae has N01'b([nu.~ s('abli-cuJu8 (Nees), which 
is considered a parasite of pygnwellB " however, the genus H abl'ocyt1l8 
has f, member that attacks B. terebella. LVol'bctnll8 may also have 
hyperparasitic habits (186). 

The family EuIophidae h,ls two members in the genus Pediobill8, 
which are apparently eon fined to sawfly, as no other hosts are listed, 
They are enclop11agous larval parasites and compete with the larvae 
of eollJj?'ia ('({1('ilmtor (Gl·t\\Tenhorst). The ('ollyria larvae, however, 
can destroy the Pediobiu8 Inrnle. The two species are PediobhbS 
nigl'itmwi8 (Thomson), which is a European species introduced with 
its host into the Eastem rnited States, and P. 'td(Llten8l,~ (Crawford), 
",11kh is tl native species found attacking cinctuR in the 'Yestel'll United 
States (153,186). The nath'e species is often fairly suC'cessful in para
sitizing the sawfly in grass, but does not seem to transfer to 'wheat 
(1.5:3). Thr European species is of minor importance on 7}ygm(u'u.~ 
and tnbirhl8 (6·5, /8-5). 

The remainder of the parasites are in the superfamily Iclmeu
111011 0 i(lrlt , representing two families, BJ'aC'onidae and Ichneull1onidae. 
The membE'l's of tIl(' family Braeonic1ae are ectophagous and they 
represent two ::;ubflunilies. All species have no known hosts 
other than sawflies, except Braaan absci8801' Nees, which parasitizes 
lepidoptera. 

The subfamily Doryct inae eontains only one species known to be 
a parasite of sawflies, fI('t(,i'O'~/dll/.~ ('('phi Rohwer. The hosts listed 
for this spE'cies nrr pyglll(((,IIS Hnd t{fbidll.~, with thr first considered 
the prefrlTe<l host ( IS5). 

Thr :mhfllmily Braroninar is TrlJl'psrntrd by the genus Bm<1On, 
wh iell has srwral sprcies. H 1Yl.('{nl absr-i8801'. B. Msr-hegole-rii Teler

78(;-9550-66---1 
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nyz (£16), and B. tuebelln are li~ul"opean species that attilck 'Pygrnae'1.l~ 
(186). B. tnebella is one of the more important parasites of this 
species and also attacks tabidu8. It has been introduced into t11e 
Pnited States by lIcciclent with its hosts. In the Fnited States two 
otl1l'1" species, /J}'(u'on cephi and B. li8.~og(t8te1' Muesebeck, are impor
tant parasites of cin~tu,y in grass hosts (63,146, gOO). 

The family Iehneumonidae has representatives in three subfami1ies. 
The subfamily Ge1inae contains :t number of edophagous parasites, 
hut none are very abundant on sa wfly larvae, and about half of them 
are fa(·u)tative parasites that are o-ften hyperparasites. The follow
ing species are parasites of 'Pyg'11Ule:!t,~: Li7'itmni8 (=IIoploGrlJptu~) 
sp., Bathyth1'1".i: bert/l11M (Kreichballmer), (!·ubocepltalu.s 1tnifa.8ciatJll.~ 
(Schmiedeknecht), Ciamb)"!l8 trir'o{ol' (Gl'llvenhorst), Celi8 falla'JJ 
(Foe/'ster), and Hernitele8 ltemiptel'1l8 F. The last species is a hyper
plll"asite of Bruton terebella, a.1so. Oelis tfl'ebmt01' (Rlltzeburg) and 
H emiteles inirnicu.y Gravenhorst are hyperpamsitic (186). Most of 
these speeies haye many other hosts and do not rely on sawfly larvae 
for continuation or the species. 

The su!)iamily Pimplll1ae contains only one species that is parasitic 
on the three species of sawflies. 8t({mbll.~ (EndJ'mnopocia) detritu,9 
(Holmgren) is endemic to both continents and is potentially an 1m
pOItant pamsite because it is c(tpable of survival oYeI' all other para
sites. No hyperplll"llsites have b(.~en recorded on t11is parasite. How
evel', this paraSIte does not I'ea('h its potentiality because it hns a 
l1umbet· of other hosts a.nd does not hensi1y pa.rasitizc sawfly la.rvae 
(77,18(J). 

The subfluni1y Collyrina,e cont.ains t11e most important parasites of 
the grass stem sn,wflies. ('ollYf1'ia calcitrat01', C. ibe1'ica Schmiede
knecht, and (!. tric/wphthalma (Thomson) are endopha.gous a.nd have 
been reared from infested stubs. O. calcitmt01' hru; been studied by 
severa1 workers a.nd is believed to be the most successful and best. 
suited parasite. It attacks the egg, and the larva develops internally 
as the host egg and lltl'va develop. Pupation takes place within the 
hiberna('u1lUn of the host the following spring (l05). No hosts other 
than the three sawfly speries have becil discovered (186). O. calci
1)'((/01' is vulnerable to all the ectophagous parasites, but is able to over
power the endophllgous Pediobhl'~ niglitmwis lwd P. ntahenBi8. 

8n.lt (186, 187) listed the following parasites and the percent pam
sitizat ion of each on PlIgm(U"1l8, based on :1, field collection of cut stubs 
.in England: (lol1!/ria colt/tralo'r ()2.25', Pediobiu.~ ni,q1'ital'sis 3.95, 
H/'{l('on t(,l'ebdla 2.77, Stamb'llR detl'itu8 2.12, H emiteles hemi7Jteru8 
o.no, Bathythri;J' b('111111l.~ 0.02, (felis fallax 0.001, Omnb1'll.'? t1'icolor 
0.001, and (lu.bOt(,p/Ul7u,~ ·lmifa.~ci(ltU8 0.0001. A.l1 are ectophagous 
except the first twospe('ies, which are endophagous, 

{I. ('((lritmt(;l' is the most etIiC'ient parasite of the European species of 
sawflies (227,1228). Introductions of e. ('(fltit1'((t01' were made in 193n 
to control these sawflie.s in the Eastel"l1 rnited States and Canada 
('206, 214). Introductions wel'e also released in western Canada and 
:\{ontana (lEO) to <'ontl'Ol ('induN. Heeovery after introduction was 
me!tger and doubt I.'xists concerning estn.blishment in either western 
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Canada or Montana (H20). The minor recoveries indicated that O. 
('([lcitrator could complete its life cycle in cinctU8. e. calcit1'ato7' is not 
able to distinguish eggs already parasitized, and if the parasite popu
lation is hea.vy !1 random superparasitism can take place (~J13, ~33). 

The followmg native primary parasites exert some biological control 
in the "Gnited States: H eter'087fil1ls cephi, Scambus de tl'it1lS, B1'acon 
cephi, B. lissog(lste1', and Pediobtus utahen.~is. An are ectophagous 
except the last parasite, which is endophagous. 

H. cephi, a parasite of pygm([eu.~ and tabidus, has parasitized as 
much as 39 percent. of the hosts in the Eastern Fnited States, but this 
parasitization flnctuates from year to year ('76). 

8. dell'i!u8 infests all three sawflies in .July and usually prevents the 
larvae from comp]oting tUlUleling. OverwinteL'ing and pupa.tion take 
place a.bove the second internode of the 'vheat plant, but the posi
tion depends entirely on the location of the sawfly larvae a.t the time 
of attack, since the l!trva~ a,re eompletely paralyzed by ,the il.l1tial con
tact. This high site for overwintering makes the parasite vulnerable 
to destruction at ha,rvest and a,lso to freezing during the winter. These 
hotOl'S, coupled with the fact that this parasite has many other hosts, 
ma.ke it. ineffective in sawfly control (77). 

The other three species a:'e parasites of cinct118 and they unfortu
nately seek the host in native grasses rather than in whea,t. Parasit
ization by PediobhlR reaches (-iO-70 percent in grasses and only 1-2 
percent in a.djacent wheat (153). B. cephi seems to prefer hosts hl 
B "O'IM.t.~ inenni,c], tlince the long gt'Owing season of this grass enables the 
parasite to complete t.wo generations (83, 15~). Heavy parasitization 
by B. cephi has n,lso been reported in barley (57). This parasite also 
paralyzes the host and often overwinters in the straw and sometimes 
in the stub; however, it is winter hardy and can withstand ext.reme 
cold (1/)0). B. ll:~,wga,stel' also prefers grass-infesting hosts rather 
than whent, tLl1cl repeated observations in wheat show only low para
sitization (~09). 

Destl'Uction of hosts in grass before B. cephi adults emerge C!1ll 

force the p!Ll'llsite into wheat. (193). EYen this 'will not insure suc
cess of the paTasite, because there is only a partial second generation 
in whea,t if the wheat ma.tures too early. This plant. dries out. too 
ea,['ly and the sawfly lnrvae migrate to the base of the plant and pro
duce the hibernaculnm. In this position they are almost free from par
asitism by B. cephi. This loss of a second generation depletes t.he 
parasite population, and the following year it is low unless a host. 
population in grass has maintained a high population to be forced 
again into wheat. 

Biologieal control of cinct1t8 is not effective because of the lack of 
synchronization between the wheat host. and the parasites that origi
IULlly parasitized the larvae in grass, and because e. caloit1'atol' has not 
become established. )[ore work on synchronization or a concentrated 
effort to understand and to est!tblish Oollyria seems to be the only hope 
of suC'eess fo[' biologieal control of rinct11-~. :Meanwhile, pa.rasites of 
pygmat"UN a,nd tabidu.9 seem to be holding these eastern species in check 
(;304-207, 121.3). 
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BREEDING FOR SAWFLY RESISTANCE 

Immunity to a,ttack by the sawfly has never been found in wheat, 
although thousands of \'ILrieties and selections have been <tooted under 
Sitwfly conditions in Canaell\' and the rnitecl Strutes. However, many 
workers have demonstrated that resistance to sawfly damage is asso
ciated with solidness.of stem. Stem solidness is caused by the devel
opment of pith inside the stem, and although it has never been demon
strated that pith is t.he only factor causing it variety to be resistant, 
many obselTiLtions do show that when a variety is less solid i,t is also 
les.'> resistant. (Fig. 6.) 

Solidness of stern implLrts resistance to many of the grasses; how
ever, other factors for resistance also occur in grasses, e.g., the crushing 
of sa wfly larvae by the bulblike spring growth of Phle'lt7n (52). Bar
ley also exhibits a type of resista,nce to sawfly development. The 
mechanisms of this resistltnce a,re not known, but they apparently dif
fet· from those fotmd in wheut.9 

Breeding programs in Canada and the United States for improving 
sawfly-resistant wheats 1u1\'e always had as a major goal the develop
ment of solid-stemmed \rarieties. Most programs have also included 
studies on inheritance of stem solidness as well as the reaction of solid
stemmed varieties to en vir-oument. 

FlOlJlm 6.-Sawfly cutting of hollow-stemmed sm~ceptilJle wheat variety in fore
ground; resistant solid-stemmed durum wheat in lJackgrouncl. 

• ROE~! HIl.n, G. R. ~roRPHOLOGICAr. RESISTANCE OF SOllE OF THE GRAMlNAE 'l'O 
'l'HI~ WIH:AT STE:'( SAW~'LY (CEPHUS CI1>C'l'tlS NORT.). 1954. [Unpublished master's 
thesis. ('fillY on tile in LilJrary, Mont. State Col., Bozeman.] 

http:solidness.of
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Shchegolev (198) tested the resistance of rye, barley, wheat, and 
oats to damage by p'ygmaell.~ and tabidwJ. He noted that one solid
stemmed wheat was resistant. Kemp (100) postulated that sawfly 
damage might be reduced to little or no consequence by the use of 
solid-stemmed wheats. He proposed that it should be possible to 
breed desirable wheats with It solid stem, since solid-stemmed varieties 
of Triticllrn ae8tivurn L. already existed. Eckroth and McNeal (48) 
studied morphological chamcteristies of 180 varieties of spt'ing wheat 
in relation to sa \dly resistance. No plant character in common
wheats, except stem solidness, appeared to contribute resistance. Some 
of the durum wheats showed resistance, but this resistance was not 
associated with any of the morphological characters studied. 

Platt and Farstad (164) found differences in reaction to sawfly at
tack among sU!:'ceptible, hollow hexaploid wheats, demonstrating that 
factors other than stem solidness may be involved in sawfly resistance. 
They observed that the main cnlms of holi iW varieties were more sus
ceptible than secondary tillers, whereas the reverse was true with solid
stemmed varieties. 

~[cKeal et al. (137) studied F~ and Fa progenies from Rescue and 
Selkirk crossed to two solid-stemmed wheats from Portugal. They 
concluded that stem-solidness readings of F~ plants contribute more 
information than do cutting percentages to the determination of saw
fly resistance in the Fa generation. They proposed that F~ plants need 
not be evaluated for sawfly infestation and cutting, but that these 
plants be examined at harvest for stem solidness of the bottom inter
node and that progeny from desirable plants be evaluated for sawfly
resistance in F 3 • 

The first commercial wheat variety to be released on the American 
continent with resistance to the wheat stem sa wfly was Rescue, a spring 
wheat. This variety was developed by Canadian workers and was 
released for commel'cial production in Canada in 1946 and in the 
United States in 1947 (15, 165). Chinook (15) and Cypress (133) 
spring wheats are subsequent releases from breeding programs in Can
ada. Sawtana spring wheat (136) and Rego winter wheat (15) are 
commercially grown varieties released from breeding programs in the 
United States. 

The senior author has observed. reductions in sawfly cutting to less 
than 1 percent by continued cropping with sawfly-resistant wheat 
varieties. However, there seems to be a negative correlation between 
stem sol icIness and yield of grain. Unpublished data l11dicate a 
3-bushelloss per acre when Rescue is grown in preference to the non
resista,nt vat'iety Thatcher. Farmers in the sawfly area place the yield 
of Hescue at 5 bushels per acre lower than that of hollow-stemmed 
spring wheats. If the yield of resistant varieties can be increased, a 
wider use of resistant wheat varieties in the sawfly areas can be ex
pected, with a subsequent reduction in the sawfly population. 

INHERITANCE OF STEM SOLIDNESS 

Genetic studies of solid stem have been made in interspecific. hybrids 
of diploids X tetraploids, tetmploids X hexapJoids, and in hybrids of 
intraspecific crosses. 
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Yamashita (242, fJ43) studied many crosses between solid- and 
hollow-stemmed wheat vaL"ieties and species. He proposed a factor for 
hollowness of the entire stem and one for solidness of lower internodes 
in the .A ~en.ome. Be~use of solid, partly solid, and thick-walled, 
hollow yarletIes found III the emmer series, he supposed that there must 
be mult.iple alleles for solidness and hollowness m the B genome. A 
factor for hollowness in the D genome thttt is epistatic to genes for 
solid stem a,t other loci was established by backcrossing the F t of aT. 
dUI'lun by T. aestiV1tTn cross to each parent. Yamashita, did not work 
with solid-stemmed vaI"ieties of aestit'um, but he postulated that in 
such varieties the D genome must be carrying the same factors for 
solidness that are present in the B genome. He suggested that it should 
be relatively easy to develop a cultivated aestiV'lb7nr-whea.t with a solid 
stem. 

Diploids X Tetraploids 

Thompson (218) studie<l crosses between 7-chromosome T. 'nl.()'M

coccum (hollow stem) and l±-chromosome T. dtbrl.un (solid stem) and 
found the F t to be solid like dW'UQlL Examination of 50 F~ plants 
revealed the hollow stem of 'rnonoCO(,Cllln in about 1 of e,-ery 15 plants. 

Tetraploids X Tetraploids 

~tuc1ies in l±-chromosome wheats have shown that solidness of stem 
is due to a single dominant factor (169), to a single recessi,'e (49), and 
to com p lementlLry recessive genes (68). Putnam (169) found that the 
inheritance of stem solidness was unifactorial in crosses of T. d'twWTn 
and T. turgidttm L. varieties with Golden Ball (solid stem). The 
solid-stem condition was partly dominant. Engledow (49) obtained 
an F2 ratio of three hollow to one solid from crosses of Polish (T_ 
polonicum) X Rivet (t:wrgidurn). However, peculiar ratios from a 
Polish X Kubanka (d'll,rum) cross caused the author to conclude that 
stem solidness is not a morphologically simple character. Engledow 
and Hutchinson (50) studied crosses of Rivet with Kubanka (durum) 
and classification of F2 plants sug-gested a single factor difference, al
though the authors reported that some crosses seemed to indic..'\.te multi
ple factors. In contrast to Biffen (.9), they concluded that a greater 
amount of pith is dominant to a lesser amount. 

Bozzini and Avanzi (14-) presented data on the inheritance and culm 
anatomy of a solid-stem mutant induced in ('!Lppelli T. dmwrn by 
X-irradiation. Data from F~ plants of n, cross between the mutant 
and Cappelli showed 23.1 percent. of the plants to be completely hollow 
stemmed, whereas the remainder had some solidness (3: 1 segregation, 
P=O.5-0.3). They concluded that irradiation eliminated or neutral
ized a gene for hollow stem; the hollow-stemmed gene normally is 
epistatic to all stem-solidness promoting- factors in the A and B 
genomes of dlu1bm. when homozyg-ous. 

Tetraploids X Hexaploids 

('rosS('-5 between tetraploid and hexa.ploid wheats show that solid 
stem ,-aries from recessive (9,95, 96,212) through intennediate (f330) 

http:dtbrl.un
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to dominant (lp9,.50, £'21. BE2). F, segregati011s Jun'e been interprsted 
as mon.ohybrid (9,49, .50, 95, /)(J) or multifactorial (g:21, g:2g, :2.30). 
Bitren (9) in one. of the first recorded reports on the inheritance of 
stem solidness studied crosses of Rivet (T. llll'gidwn. solid in the top 
internOele) with hollow \'arieties of T. aeslit-llm and found that hoIlow 
stem was dominant. Engledow and Hutchinson (.50) studied crosses 
of Ri\'et with Chinese (ae8tinan) and concluded that stem solidness 
\\":,$ dominant and did not appear to be associated with any other 
l'imm<'ter of the wheat plant. "\T1n'ilo\, and .Jakushikina (:2.30) found 
::10Ii<1-5tem intermediates in hybrids of H- and Zl-chromosome wheat, 
and the Fz segregations were~interpreted as multifactorial. 

('vtogenetie stuelies of crosses between hoIlow-stemmed hexaploids 
and- i5oIid-5temmed tetraploids showed that the D genome tends to 
produce a hollow stem (,5.101. 128. 1:29. 167. 9JiZ. B17. ':219, ;Zi20. :2.38), 
bn t that d i tf"Henees in sol id stem between the two are padly deter
lIlim>d by gene~ in the A and B genomes (-5. 10I. 1i26~ 1-27. £11. '.2J'i'. 
liD, :220). A chromosome in the D genome producing a hollow stem 
was idpJltifipd as chromosome:2D (128,129, 24J. :244) . 

•\rna::1011 (;j) rxamined hyb"icls of )farquis (1'. ((e.~lil'UIll) with 
Iumillo (1' .. du.rwn) and Yernal (1'. dicocC"llm) for stem solidness. 
Marquis is hollow and the other two are solid. Since the hollow 
stem of Marqu is was not found in the dWrllnl or diro(,(,Hm condition 
in :H-chromosome segregates, it. was presumed to be conditioned by 
genes from the D genome. Kiham (101) :"tudiecl hybrids of 14
('hromosome whpat with 21-chromosome whea.!: and showed that the 
f) genome tends to produce a hollow culm, but that differences in stem 
solidness nre also partly determined by genes in the A and B genomes. 

Platt and Larson (167') attempted to transfer the stem solidness 
of Golden Ball (1'. (Z,urllln) into T. {te8tiz'um wheat, but the differ
ences obtained in segregating progenies were not put on a definite 
factor basis. Xo solid-stemmed (U!8til'1.lm segregates were obtained. 
Failure to transfer stem solidness was attributed to a gene for hollow
ness in the D genome that is described by Yamashita (2'1:2, ~24-J) as 
being epistatic to genes for solid stem at other loci, 

Ste\'enson (211) studied hybrids from the cross of Yelvet Don (1'. 
r!/(t'lUn) with Qu:dit.y (1'. a..f:sti./vlbm). "\Yeh'et Don was solid in the 
top internode and Quality was hollow. The F l plants were inter
mediate between the parents in stem solidness. One hexaploid F~ 
plant was found to have the (lu.l'lllfl. solidness, hut this was regarded 
as an irregubrity. Al1 other hexaploid Fa plants ·were classifiecl as 
h/wing a hollow stem. 

Thompson (:217) pointed out that T, dlll'lftil \':lI:ieties usua.lly. hayp 
solid stems, though some ha\'e hollow stems with thick walls; most 
T. aesth'wrb varietie..'l have hollow, thin-walled stems, though a. few are 
solid. He classified F, plnnts from a ('rosso£ Iumillo (llimun) X :Mar
quis (rte8tit'um) for stem solidness as \) ae8!illllln-like, 25 intermediate, 
and 23 dttrl6ln-like. Thompson et al. (:21fJ) found no tetraploid hybrids 
with the hollow, thin-walled stem characteristic of oesth'llm while 
workil1~ with crosses between hollow-stemmed (U'8tivum and the solid
f;ternnwd dlO'/Wl. T. dir·o('('/llll., and T. ('((/'tltli('um (= 7'. pelwir:lUn Vav.) 
species. They suggested tha.t there is l\. tartor for hollow stem in either 
the A or B genomes of (leMil'um. and tlHtt at least one additional factor 

http:U!8til'1.lm
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for hollo,,, stem must be present in the D genome to produce the hollow 
stem amI thin wall of ~Jarquis. Thompson and Hollingshead (2;20) 
classified F2 plants of the cross di<'Occwn (solid) X ae8til'um (hollow) 
for stem solidness and found 46 dicoc('1l7n-like, 29 intermediote, and :2 
aeslivum-like. 

Watkins (231,238) examined results from interspecific crosses and 
concluded that some plant characters, such as hollow stra\y, are usmt11y 
associated with high chromosome number. He. supposed that n. char
acter rare ill one group of whetLts and common in another (~annot usu
ally be transferred by crossing. Matsumura. (1;38, 12.9) identified 
chromosome 2D in the D genome as being" re..'>pollsible for the produc
tion of hollow stem, as clid Yamashita, (9.p. g44)· 

Larson (109) examined plants of the cross Rescue (T. (lestil'wll) 
X Golden Hall (1'. durllln) for stem solidness. :Xo F~ line was found 
with a top internode as solid as that of Golden lhll eombined 'with the 
morphological charaeters of aestil'll7n. She assumed this was probably 
becanse the D genome pre..qent ill Rescue but absent in Holden Ball in
hibited the expression of pith. A few lines were fonnd to lut\'e pith 
pattenls difrerent from those of either parent, but these eli tl'erence.'J' 
werc ascribed to segregation of genes in the,.A and B genomes. Larson 
(110) also analyzed F5 lines from this study. She eoneluded that 
chromosome 3D in Rescue cttrries a gene (or gC'nes) that inhibits the 
transfer to hexilploid seg-reg-ates of the more solid top culmintel'llode 
of Golden Ball. A Jew hexaploid segreg"tltes were found to be more 
solid than Reseue in the top intemode, but it was assumed tha.t none 
would be found with tL top intenlode as solid as that of Golden Bal1. 

J[cXeal (fJ5) crossed hollow-stemmed segregates of Rescue X 
X1315 to Golden lhll (1'. dll"'ll11t) and evaluated the T. aestil'u71l-like 
se,]ections for stem solidness and sawfly resistance. Some selections 
nearly eqtHded Golden Ball in stem soliclness, but they had less slLwfly 
resisbuH'e. Di fl'erences ill stem solidness between the selections and 
Golden Ball w('re found in the two top internodes. :MeXeal concluded 
that. genC's for stem ;;olidness must haw been transJerrfd from Golden 
BrLll, sinl'e SOtTlC' of the sef.".·e~ates were much 1.1101'C' solid than the 
((('Nth'lIlll pltl'C'nt. However, an C'xamination of F2 plants from a croSS 
of two of thesC' sC'~r('~ates \"ith Rescue did not re\'ea I major ditl'e1'ences 
in stem solidness among the thl'l'e parents, indicating the solidness 
genes obtained fl'Om Golden Bidl may be the same as those in Rescue. 

Larfion and ~[a('Donnld (ff4.) examined Fs lines, with difl'erent 
solid-stem indicl's, which had been seledec1 from Fa hexaploid plants 
of a Rescue X Golden Ball cross. The o('('urrence of aneuploids in 
solid-stel1lllll'd IH'og-ellies suggested that the morl' solid selections were 
less stable cytologieally and probably eontained ehl'omo£omal aber
ration;;, thu;; H('('ountill,!! for the <litJi('ulty .in stnbili%ing stem solidness 
in Illtl'l' g\:'nl'l':ttion~. ThC'il' work fu\'tht'l' s\lgp;e;;ts that a major gene 
for' thE' Uold\:'1l BaJJ type of solid top illte!'l1o<1(' is on ch1'OI11osome 3B. 

Larsoll fUld P('rkins (f1.-;) stlldiNl plants nullisomic fOl' ('h1'omo
;;ome :~n and ",ugg('st('d that til(' prest'IH'(' of ehl'omosorne 8D tends 
to make thC' hybrid mol'\:' lik\:' l{ps('ue. whereas its nhsence causes the 
bybl'id to 1'(,\,{:l't to tl1(' (Told(,11 Ba JJ constitution. 
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Hexaploids X Hexaploids 

Platt et al. (161, 16:2) studied crOSses of 8-615 and 8-633 (solid 
stem) with Thatcher and Renown (hollow stem). They obtained a 
ratio of (j3 hollow and intermediate types to 1 solid for all crosses 
except that of Thatcher X 8-633-23. Only plants having the three 
factors in n. reces.':;i \'e condition had stem sol idness. They suggested 
that the faetOl's were cnmulati VE' and that four or more dominant 
genes would produce phenotypi('ally hollow plants. 

)fcNeal (1,]4) studied plants from a cross of Thatcher and Rescue 
and concluded that the two parents ditl'erecl by one majol' factor pair 
n.nd possibly two to four minor factors fOl' stem solidness. The major 
factor pair was found to have an effect 2lh times that of the minor 
factors. 

McXE'al et al. (/J9) examined F~ plants from crosses between 
Re.<;('ue and four solid-stemmed whE'at introductions from Portugal. 
They coneluciecl that etteh of the Portuguese wheats possesses the 
same major factor' (or fadors) for stem solidness that occurs in 
Reseu£'. However, three of the Portuguese ,vheats differed slightly 
from Reseue. This uilYet'cnee was ascribed to the action of minor 
genes atrecting stem solidness. 

Lar:,on (lOa-lo8) ('ompared monosomic F2 lines of Chinese 8pring 
X S-(jl;j with normal F" lines for stem solidness. 8he found in Chi
nese Spring that chromosomes 2A, 2D, (iD, alld 7D carry genes for 
hollow stem and chromosome 413 has t1 gene for solid stem. Chromo
Some 213, a member- of homeologous group :6 that a,lso includes 2.A and 
2D, may also eontrioute to hollowness of stem, but the data were in
conclusIve. Larson proposed that chromosome 2D carries gene OD' 
identified by Yamashita (24£-244-) and ~Iatsumura (127-HZS), for 
hollowness of stem i and that chromosome 2B probably carries gene 
~C and chromosome 2A the Mil locus for hollow stem as reported by 
Yamashit.a (9,42. :243) . No genes for stem solidness were located in 
S-61i>., indicating that solidness genes in this variety are probably 
recessIve. 

Lar'Son and.MacDonald (111) found in monosomic Jines of 8-(j15 
that chromosomes 3B, :3D, 51\, 5B, and 5D carry genes for solid stem, 
whereas chromosomes 2D, 6D, and 7D have genes for hollow stem. 
Lines monosomic for 3B tlnd aD were les3 solid in the top iilternode, 
and lilies monosomic for 5..::\, 5B, and5D were less solid in the bottom 
[OUl' intel'l1odes. Chromosome 2A, which in Chinese Spring had a 
gene for hollow stem (JOS) , did not atfect the amount of pith in 8-615. 
The. concept was advanced that ('ulm phenotype in a given enviroll
ment is a result of the interaction of genes promoting pith develop
ment with those opposing it. 

Larson and MacDonald (1]3) de\'cloped munosomic lines of Rescue 
by eros..c:;ing to monosomics and nullisomics of Chinese Spring and 
t.hen backeros..'ling the monosomic hybrids to Res('ue for seven genera
tions. They found that Res('ue has fewer ehromosomes aft'er:ting stem 
Rolidness than S-fH5, since 3D, 5B, and 5D did not make the stem 
more solid and ehromosomes 2D and 7D did not make the stem more 
hollow as in S-fi15. They also reported that chromosome :3B failed 
to make tlH.\ stem more solid. However, mOl'e rceent. work has re
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,'e..'11ed that chromosome 3B of Hescue does have a ,'ery important gene 
for solidness.Io Chromosomes that do seem eifecti,'e in Hescue are 
6A and 6D, which tend to make the culm more hollow, and 5A, which 
makes the culm solid, especially in the lower internodes. 

METHODS OF EVALUATING STEM SOLIDNESS 

Exact measurements have never been fOlmulated for evaluating the 
wheat stem for solidness. Pre.sent meaSUl"ements are at best only an 
approximation of the genetic expression for this plant character. 
However, some method of evaltmting stem solidness is needed and 
some of those used seem to fit individual tests. 

Putnam (16'9) split the stems lell!,rthwise and recorded them as solid, 
intermediate, or hollow. Bitten (.9) made a cross section in the center 
of the top internode. Arnason (5) made a cross section 2 cm. below 
the head, and Engledow and Hutchinson (-50) studied solidness in the 
top and bottom internodes. 

Ln,rson (708) plared tho e\'aluation for stem sol idne.s.s on a more 
thorouf!"h Illt'thod of rating-. She classified the three longest culms 
frolll eaeh plant and reeordrd an a\'emge of the three observations. 
Three ('ross seetions were taken in the top internode and one in the 
('enter of Nwh of the other intemodes. ('ross sections in the top inter
node were taken at the center, :) CI11. below the head, and 5 cm. t1-bove 
tho node. Each cross section was rated from 1 to 5 as follows: (1) 
Thin \mlled, hollow; (2) thick walled, hollow; (3) intermediate; (4) 
very small lllmcned; and (5) solid. UcNeal (1·34) used this same 
method, excl'pt that the three cuts in the top internode were made in 
the center, 1 inch below t.he head, and 1 inch above the node. In a 
]nJer test 'McNeal et ttl. (j.j9) reduced the eross sectioning- in the top 
internode to one ('ut and this was made in the center. O'Keefe et a1. 
(167) suggested t.wo cut::; per internode, olle at the top and one in 
the center. 

Holmes et a1, (89) made a study of longitudinal splitting as com
pared to the eross-soctioning- method. They concludl'd that e~lCh 
method gave accur:tte ('sl inmte.s and that split.ting the stem had :1-
gl'eatPi' degree of sem;itivity, but this llwthod was not worth the extm 
tilllC', n(>{'cssary to nmke the readings. ~\ rating of the complete stem 
g-i\'es better danl for interpreting genetic composition in relation to 
solidness; hoW(;wer, the top-internode rating- used by ea.rly workers 
Wlt::; perha,ps a.dequat('. for t he studies they w('1'e eondueting. 

ENVIRONMENTAL EFFECT ON STEM 

SOLIDNESS 


Putnam (/(;9) obsl'tTNl that the growth mte of the stem wall ex
cceded that of the pith in the u.pper and lat('l' developing- intemodes. 
The slowl'r pit h dl'n~lopl1lellt thus ell llsed stems to be partly hollow. 
He state<l t'hat this ditl'pl"l'lItial g-ro\\"th was atl'erl'ed by both el1\·iron
1)lC'ntal and g-eneti(' factors. 

I. Ppr$OnaL COllllllunication from Huby 1. Larson dllted .TuIIP 1:), U){i·1. 

http:solidness.Io
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Platt (/60) and Platt et ~tl. (J6G) found that stem solidness of T. 
ne8til'wn wheats was affected by yariation in light, temperature, mois
tur.e supply, l~nd spacin§,,: of plants. rnder greenhou~e C?l~clitions tl~e 
sohdness of ::;-615 and -63:3 was almost completely mhlblted. ArtI
ficial shading inhibited the solidness of 8-615, but. had little effect 
on plants of Golden Ball, a \·ariety of T. dw·um. Hoberts (181) also 
showed clifferenees undel' greenhouse conditions. 

Luginbi.ll and MeXeal (121) found that the stem solidness of 
Hescue decreased as seeding rate was increased and as row spacing was 
narrowed. 

Holmes et al. (82) found that shading Rescue wheat at the initia
tion of elongation shortened the internodes, whereas shading at It 

later' date eaused them to elongn,te. Solidness of the bottom inter
node was reduced by shading from the two-leaf to boot stage. Lodg
ing ()('{'lIlTed when shading was used from the boot to heading stage . 
.Kolar 11 also found that shading a,nd moisture supply affected stem 
sol iclnC-.."". 

Hoberts and Tyrell (183) found that Rescue maintained solidness 
in the greenhouse with 4,000 foot-candles of supplemental light but 
not with 1,500 foot-candles. 

Larson and MacDonald (11~) studied the relationship between stem 
solidness and culm dimensions using monosomic lines of 8-615 for 
examinaticH1. )fost monosomics of 8-615 were shorter than normal. 
Many had thinner ('ulms, but monosomics 2.A and 3D had thicker 
culms. The eli fI'erences in stem soLidness between monosomics and nor
mal lines of 8-615 were found to be. due to the loss of chromosomes 
affpcting stem solidness and not to changes in culm dimensions. 
Howe\'er, within lines of genetically similar plants there was a small 
but consistent association between short culm and solidness, between 
thin culm at tne tops of intern()(les I, III, and IV a.nd hollowness, and 
between thin culm in the center and lower parts of internode I and 
sol idness. 

Luginbill and )leXeal (119) studied the effect of fertilizers on Rescue 
and Thate'her spring wheats and Yogo winter wheat. Phosphorlls 
(P) applied alone caused an increase in slLwfly cutting on both winter 
and spring wheats. Potassium applied ,yith nitrogen (X) and P 
tended to dec-rem;e sawfly (,lItting, whereas X alone hac11ittle effect on 
sa.wfly ('ulting. 

EFFECT OF RESISTANT VARIETIES ON 

SAWFLIES 


Resistanee in wheat, as related to the sawfly, can be diviclecl into 
thrE.'e categories: (1) Laek of appeal to the o\'ipositing female and re
sistan('e to oviposition, (2) suppression of egg hatching or larnll tun
neling, and (:3) nutritional requirements of the lanae (8/i. 81. 88.180). 

II KOI.AH••r..r. THE r:-;n.UE:-;CE OF' EN\·mo;-;~n;XTAI. FACTORS OX TilE IlEGltEE OF' 
sn:.\[ SOI.IIlNESS E:XPI!~:SSEIl BY SELECTIONS F'1I0~f Cl«)SS~;S 1N\'01.\'INO IIF.SCl'~; WHEAT. 
)!iii:!. [('npublish('(l llHlHt('r's t1wsis. ('opy on file .in Library. Mont. State Gol., 
BOZ('Il111 n.] 

http:Luginbi.ll
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The first category is a matter of selection on the part of the female 
sawfly. Holmes and Peterson (85) reported increased oyiposition in 
larger stems by cinctll.~. She-hegole,' UZOO) reported the same for pyg
mae'U8 and tabidlls. .As woulc1 be expec-ted, slender stems ar,'e shun
ned. Farstad (6:3, 54) found this to be the case with cinr'tU8. and 
Shchegolev (~OO) obtained similar results with pygmlleu8 and tabill!l.~. 
Roberts (18£) presented evidenee that Rescue wheat deters oviposition 
as it approaches flowering, 

In the matter of selecting a host, Ries (1'I,J) and rdine (3;2.J) 
indicated that both tabidu,~ and pygm(u!'u,~ do not oviposit in oats. 
However, Shehegolev (l98, ;200) stated that both spec-ies attack oats 
and that tabiduR likes oats best. ('. 7J'ygma(>!l8 has been reported to 
show a varietal preference when infesting barley in .Tuly in Den
mark (116). BOl'o<lin (lJ) found no preference for barley over wheat 
by p'ygm'(I,C'llB. Farstad (54) found slender stems would be a('('epted 
if the sawflies were caged on them, and he (53) also reported cindus 
larvae in flax, KeithE:'1' oats nor flax will allow the larYae to eomplete 
their deyelopment. FtLl"Stad (54) noted that fewer eggs were laid in 
solid-stemmed than in hollow-stemmed wheat, especially in the main 
stems of the solid \'ariety. In light of available data, host selec,tioll 
appears to be of minol' importance, since the wh"nt nlrieties being
grown will be infested by allY and all sawflies present. 

The second category concems the egg and Iarnlc within the host. 
Any condition in the plant that is a detriment to these stages may be 
considered n. resistance fador. Holmes and Peterson (87. 88), sfudy
inf' the susceptibility of Cinctu8 eggs to destruction, found them vulner
lLble to desiccation and to immersion in water. They also listed crush
ing of the. egg by plant tissue as n. resistance mechanism. In relating 
these facts to plant r.esistance, the increased moisture-holdin~ capacity 
of Golden Ball stems is believed to hinder hatching, thougll possible 
drying out in other solid stems, such as Rescue, was suggested, In 
tho latter, it has been noticed that lignification of cells sUlTounding the 
egg sometimes oeellrS (167,195). 

Larvae n,re also sllsceptible to desiccation and immersion in the first 
instar. Holmes and Peterson (8.9) suggested that the pith may cause 
the small lar'vae to stan'e before they ean devour enough cells to star;; 
growing. However, the largest la,rval mortality Q('CUl'S in solid
stemmed wheat after the larvae have eompleted feeding (89), This 
may be due to impediment of the lanTae by frass and soliCl stem and to 
d€'sic'cation before the larvae reaeh the bottom of the stem to eomplete 
theil' o'let'wintering cell, 

The types of resistance already discussed nmy be thought of as 
meC'hanical in nature. Attempts to link nutritional deficielleies with 
I'esistant wheats has not met with much success. McGinnis and Kast
ing (J.31) could find no differences in ell}' matter or nitrogen content 
of the pith of resistant va,rieties or in the wa.lls of hollow-stemmed 
wh€'ats. They belim'ed that the solid-stemmed wheats ki11ed the ma
tm'o larme by desiccation. They did find a higher moisture content 
in the pith of Golden Ball and aC'('epted the hypothesis that the eggs a.l'e 
drowned in this wlH'at (,98), Their subsequent studies ha\'e led them to 
postul:~te nutritional imbalance or toxic substanC'es in Rescue wheat 
Wt)) . 
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Since cinctuB lan'ae are unable to complete develot>ment in hoIlow
stemmed oat plants, some nutritional deficiency or tOXIC substance must 
occur in this plant. This inability to de,'elop in oats may be shared 
by the other two species of grain-infesting sawflies, in view of the 
varied r'.lports on oviposition and larval tunneling. McGinnis and 
Kasting (131) were unable to show a difference in dry matter or 
nitrogen content between wheat and oats. 

The nutritional re(luirements of the larvae are under study. 
Holme'" (78) tested sawfly larnle for digesti"e enzymes. He found 
the larva, contains enzymes capable of hydrolyzing starch, sucrose, and 
cellulose. Amylase and sucrase were found in the midgut and labial 
glands but not in the hindgut. These two enzymes are n,lso present in 
the wheat stems. Tests fOL' maltase, lactase, pepsin, and trypsin gave 
negative results. Lipase may be rresent in the larval gut, but results 
were not conclusive. Kasting ane McGinnis (91, 13~) are attempting 
to rear sn,wflies 011 lLl'tificial media. Lopatecki et al. (118) examined 
thesugal' content of the wheat plant and found that thee stem contained 
glucose, fructose, sucrose, some reducing oligosaccharides, and one 
water-soluole oligosaccharide. 

Reports of one or more of the &'twfly species being most prevalent on 
such grains as barley and rye are possibly peculiarities of the area in 
which the insect occurs. The stage of phwt development and the 
proximity of various hosts to the sawfly source can affect host selection. 
However, reports of host preference have caused some workers to 
suspect the existence of different, races. If there are true races, then 
perhaps these may be capable of developing in solid-stemmed wheats. 
Callenbach (18) inyestigated difl'erences in sawfly cutting in Rescue at 
various locations. He concluded that the differences were due to varia
tion in stem solidness rather than to races of sawflies. Holmes and 
Peterson (84) reared a sawfly population continuously on Rescue and 
Thatcher for fi'"e generations and redur.:ed the pot>ulation to zero on 
Rescue; howe,-er, the population had also decreasedm size on Thatcher. 
In another study, Holmes et al. (.9f3) found a difference between two 
iltrains of sawflies in their :\,bility to cut Golden Ball. 

SUMMARY 

Home grass stern borel'S of the hymenopterous family Cephidae are 
pests of culti\'llted gmins in Europe, the l'nited States, and Canada. 
Oepku8 cl7l.CtU8 Norton, O. 7Jygmaeu8 (L.), and O. ta.biduB (F.) are 
economica,lly important in the rnited States and ('anada. O. 
7!ygm((eu,~ and tabidu8 are European species accident:dly introduced 
mto t.he Eastern rnited States and Canada. (I. cinctu.~ is a native in
sect, whieh has transferred from wild grass hosts to cultivated grain. 

The lal'\"ae of these sa,wflies damage the grain by tunneling the stems 
and girdling them near the ground before harvest. The tunneling 
reduces the f,'Tltin quality and yield, and the girdling aI10ws the heads 
to fall to the ground where they may mold or germinate in wet weather. 

The loss attributed to sawflies nlries from year to year. Losses 
ca,used by cinctll.~ were estimated at +,917,484 bushels in Montana and 
Xorth Ihkota in 1951, and in UH6 Canacb estimated an annual loss 
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of 20 miHion bushels. The damage caused by the European species in 
the Eastern Fnited States is not. SO great as that caused by ctn.ctus in 
the\Vest. 

The endemic species causes damage in Montana, X orth Dakota, 
South Dakota, ",Vyoming, Xebraska, and in the wheat-~rJ.·owing area of 
Canada north o.f ~rontana and North Dakota. The two European 
species cause damage in eastern Canada, Xew York, Pennsylnll1ia, 
~Iassachusetts, Maryland, Delaware, Xew .Jersey, Vil'ginia, ",Yest 
Virg-inia, and Ohio. 

The sawflies are univoltine, adults appearing from .June 1 to .July 15 
in the areas of wheat infestaTion. .At this time the eggs are laid in 
the stems and the larnle cle\"e!op thmugh the summer. In August 
the larvae work to the base of the plant., where they cut the stem and 
pl"epare an over"wintering cell below t.he cut. A cocoon is formed 
within this cell and en('lo~s the o\"er:wintering larm. Pupation 
occurs in May of the following spring. A description of the egg, 
larval instal'S, and pupal stage is recounted. 

Cultural practices do not gin a consistent Jeyel of sawfly control, 
and some are difikult to put into effect. Cultivation that will bring 
infested stubs to the !',tll'face is effective. Larnte in the exposed stubs 
are killed during the winter if the ~now co\"er is light. Stubs exposed 
in :\Iay after the larTae Juwe entered the prepupal stage allows desic
cation of larvae and pupae unless heavy rains occur. 

Crop rotations that utilize resistant crops such as durum wheat, 
badey, oats, flax, and mustard are effective in controlling the sawfly. 
Such practices as deep plowing, delayed seeding, and trap crops are 
also of some value; howe\'er, they are impractical in areas of strip 
farming as practiced in Montana. Burning of stubble and swathing 
are not effective means of sawfly control. 

Chemical control using heptachlor as a fllITOW application is effec
tiYe under some conditions. One-half pound per' aCI'e has given from 
75- to 95-percent control in I-foot row spacings. No formal recom
mendation has been made. but treatment of a 1-1:-foot border on each 
strip, where infestation is l;eayiest, appears pra.ctical. 

Biological control is effeetive for the European species :mc1 may be 
effective for the endemic species. Establishment of an internal para
site of pygnUlell.~ and fabidll.~. Collyria r.a7ritl'([.tol' (Gravenhorst), 
offers the be,st possibility. The nati\"e parasites of rinrtu"~-BJ'(lcol! 
li.~.wgaBtel' Muesebeck, R. rephi (·Gahan), and P('diobhl8 lltahen.~i.~ 
(C~awforcl)-exert some ('ontl"Ol in gr'ass hosts but are negligible in 
gram. 

Resistant nu.·ieties of wheat offer the best means of ('ontl'OlIing saw
flies. The solid stems of these. \"arietiesappear to inhibit the. de\"elop
ment of the lalTae. The solid-stem character is often associated with 
lower yields, and for this reason resistant nU'ieties are. not grown 
universally in the sawfly areas. Resistant nU'ieties grown throughout 
the sRwfly arellS would greatly decrease the populations. If new 
\rarieties with better yields were anliJable, growers would be more 
easily in{Jm'ed to U!'le this mean~ of ('ontrolling the sawfly. Resistant 
vari('ties presently in lise are the spring wheats Rescue, Chinook, 
CypI'ess, and Sa.wta,na. and the winter whe:Lf Rego. 
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