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Abstract:
The following factors; date of heading, date of ripening, date of planting, plant height, stem diameter
and stem solidness were studied in relation to attack by the wheat stem saw-fly on selected wheat
varieties.

Many correlations were calculated between the plant characters and the methods of infestation
sampling and percent cutting.

Date of heading was found to be negatively correlated with infestation in the spring planting but not in
the fall planting. This correlation was considered to indicate that the later the variety the less the
infestation, which results in a variety a-voiding the peak of the sawfly flight Plant height was found to
be negatively correlated with infestation in both spring and fall plantings with the exception of the
hollow stemmed wheats in the fall planting,-' This correlation indicates that the taller the variety the
less the infestation.

Stem diameter did not appear to be correlated with infestation or cutting.

Regression coefficients were calculated and used for predicting amount of cutting when the degree of
infestation was known.

Some multiple correlations were computed involving characters showing association. 
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ABSTRACT

The following factors'? date of heading,, date of ripening, 
date of planting,- plant height, stem diameter and stem solid­
ness were studied in relation to attack by the wheat stem - saw- 
fly on selected wheat varieties *•

Many correlations were calculated between the plant char-■
actors and the methods of infestation,, sampling and percent- cut­
ting *

Date of heading was found to be negatively'correlated with 
infestation in the spring planting but not in the fall planting 
This correlation was considered to indicate that the later the 
variety the less the infestation, which results in a variety a- 
voiding the peak, of the sawfly flight«•

Plant height was found to be negatively correlated with ■ 
infestation in both spring and fall plantings- with the excep­
tion of the hollow stemmed wheats In the fall planting*' This ■ 
correlation indicates that the'taller the variety the less the 
Infestation, «

Stem diameter did not appear to be correlated, with infes­
tation or cutting*

Regression coefficients were calculated and used for pre­
dicting amount of cutting when the degree of infestation was ■
known.

Some.multiple correlations were computed involving charac­
ters showing association.
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I M 1R GBTJGTI ON

rIhe wheat stem saxvflŷ  Cephas cinctus Iforton5 is a species 
native,to the United States, It has.come into prominence since 
the beginning of the present 6entm»y* as a resnlt Of the ehange 
in its IarvaJ feeding habitsT hi s insect originally lived' in 
the tall* hollownative grasses of Western Worth America* but 
With the increase of cereal grains in the northern Ureat Plains 
area* the sawfly has transferred to these grains* particularly 
wheat.

The sawfly increased from an almost unknown insect to a 
major pest of wheat In Montana during the period l9l\D to 19is-5%

Rescue* a variety of hard red spring wheat* has been 
tested in Canada and Montana under sawfly conditions a- These 
tests indicate that the resistance of Rescue to sawfly cutting 

is probably due to the solidness of stem, which is characteris­
tic of this variety; However,, the degree of stem solidness is 
apparently modified to a great ,'extent by Weather and other ■en­
vironmental conditions as shown in a study by Platt (9).«

In view of the lack of sawfly resistance in varieties of 
wheat now being grown commercially it seams desirable that a 
search for new sources of resistance be made» The study re­
ported here was undertaken, to determine if_there—are—Qhanaotem, 

other than solidness,of stem* which will provide additional,- 
sources of resistance to sawfly attack *
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A grouping study was also Mde with the varieties' of wheat 

being divided into nine groups,, based oh their morphological'' 
characteristics o

/
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JRBVIBW OF LITERATOBB
(The saii/fly was first observed in 1890 in the. siemst’ of native 

■grasses in the vicinity of Alameda*, California (2) .)■ in ISOS'* 
adults were collected in the Canadian Rbrtliwest Territories "and 
in the same yean larvae were found feeding in wheat near Kulm3' 
in south-central North Dakota^) By 1908, the sawfly was 'Seglh-? 
ning1 to cause alarm, in central, Manitoba and Saskathhesan,. and A n  
1909 losses of 5 to 2j? percent were, reported from, the area around 
Minot and in the Red River Valley* near Fargo* North Dakota* The 
North Dakota infestation reached epidemic proportions.in '1916* 
but then it receded and by 1920 the sawfiy was a pest of slight 
importance« The Infestation in the western Canadian provinces 
continued and as new wheat acreages Were brought into production, 
the losses mounted. This explains, Why the, Canadian, government 
has been interested in sawfiy research for many-years*

(in Montana, the first adult sawfiy was collected near Boseman 
in 1900« In 1910* the first infested wheat Stems were found In 
northeastern Montana*;-near, Balnville^ Nb further aW f I y  activity 
was reported until 1923, but. from 1923 to 19-44- sporadic reports 
of its occurrence.'were received from widely scattered areas 
throughout the state, • (in I9ij.l>. the sawfiy began to cause concern 
in the northeastern counties and the .western part of the Triangle* 
and by 19%3* .it was a. major pest in wheat growing areas* ,It has 
increased in severity almost every year since 194-3 1)

The adult Is wasp^like in ■ appear ance * blacky with,-yellow



flags OB the abdominal segments and lege, The egg is laid with­
in the stem of the host #3.ant by means of &.sawlike ovinositbr, 
With which the ad^lt insect easily #enetfates,the; tough outen
wall ,of the stem. The egg., although, veny thin and. delicate^ ■ is 
strong enough to he safely lifted and moved with the. aid of a 
fine .brush. The egg always lies, free within the stem of the 
host plant, either in the stem cavity or in a hollow excavated' 
by the .ovipositor of the female. Hatehlng occurs In about one 
week,

The larva feeds within the stem,, moving up and down in its 
gallery, until about the time the. wheat begins to ripen (I) . The 
larva traverses its gallery several times swallowing repeatedly 
the same fragments of tissue that have already been devoured dur­
ing the first excavation of the stem* Xt .is also believed that 
the larva which finally reaches maturity has devoured its rival 
larvae or eggs,- • Measurements of larvae gave a range of 8 to li|. 
millimeters 1% length and I to . 2 millimeters in width.*, The length 
of the larval period is probably about 60 days,, varying more or 
less with the warmth of the summer fand the state of maturity of 
the host stems* When mature the larva -always seeks- the extreme 
base of the stem, where it begins its preparations for hiberna­
tion, Here it cuts a neat V - shaped groove entirely around and / 
inside.the stem, usually at or a little•above ground level. This 
groove does not sever the.stem completely, but so weakens it that 
the upper stalk, swayed by the. wind, will break off completely
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when dry* - leaving a stub that is very character is W  bf the- work 
of this insect0 'In this simple manner the larva provides the a- 
dult with a' means, of escape 'from.: the stub the following summer* 
After cutting its characteristic groove within the stem the larva 
forces a mass of the frass Into the bore Just below the groove 
and in this manner plugs the' upper- end of the stub that is to be 
left in- the ground after the.', upper stalk has been broken away* 
hate- in the summer or in the fall the larva within the stub spins 
for itself a, delicate membranous cocoon and -hibernates» During 
the winter_ the larvae are frozen or are chilled into- immobility 
and show no signs of life when disturbed:,- As soon as the temper­
ature rises in the spring they become active and move freely up 
and down within the limits of the hibernation chamber until the 
time of pupation arrives,*

Duration of the pupal period is dependent upon temperature 
and moisture* Pupation usually begins ̂ in late May or early June 
and two distinct periods, are recognized* The early pupa is 
creamy white and the late pupa is dark colored* Emergence of the 
adult from the pupal case generally occurs within a few days af­
ter the late pupa is recognized* -The adult remains for a short 
while in- the cell before forcing its way upward through the- plug 
or frass to emerge * After emerglns, the adult is able to take- 
instantly to wing without any preliminary drying or other .prepa­
ration*

A few adults die within the Cells-. possibly, because of the
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Iaok of vitality needed to break through the stopper of fpasa 
above them* Ih cases where the girdling of the stem is ineffi­
ciently done, so that the wheat■stalk does not break off during 
the winter season, the- adult dies* ■

The female is noticeably larger than the male* Ihe- adults
seem to be partial to sunshine and are rarely seen abroad on a 
cloudy day* . They are considered weak fliers and seldom travel. 
to any great distance at one time* The adults are not at all 
timid and can often be 'easily taken from the grass stems with 
the fingers* ' When conditions are favorable the female is uau^ 
ally too Intent on oviposition to be easily annoyed but if dis­
turbed beyond endurance she quickly disappears*

Copulation is very brief, usually lasting less than a min*
/

ute» lhe species is single brooded with the first adults usu­
ally appearing during the spring and the last some time about 
midsummer* -h,:-

(jFhe female gives evidence of being- in search of- a particu­
lar point for oviposition and has her head downward, looking 
towards the base of the stem during oviposition* When satis­
fied with a location# she halts., and slowly arches her abdomen 
and, clasping her hind pair of feet around the stem as far as 
they will reach# begins to' drive the ovipositor into the hard 
outer coating of the stem* She makes an' opening so small that i 
it is almost impossible to find the -scar*)

/Normally but one egg is placed in each stem* However, no



is paid to previews ovippsitloa dtWr sawfIi^sV
and consequently numerous- eggs have' been taken from a single 
stemj) As was stated before, only one of the larvae can possi­
bly survive until fall,* Injury to the wheat crop Is due prl*- 
marily to breaking of the.straw before or at harvest time
rather tnen frost the quantity of food that the insect removes
from the plant „ This, causes much of'the-grain to. fall'‘to'the 
ground or lodge so that it can be harvested only with great
difficulty*

■ '(^Several partially effective cultural methods have
triad in attempts to control the sawfly. blowing the

bean - - -
infested'

stubble under in such-a manner that -the entire slice is inverts
ed̂ , prevents, the adults from emerging (I), 'When this Is prop-" 
erly done it shows some success in control* Occasionally^
larvae may live over in the stubs' for more than ’ one season* al~ 1 
though very little is known about the larva when it goes through 
this diapause stage* in'seine locations, 'cultural conditions are 
not favorable, for burying stubble by plowing. In Korth Dakota* 
spring wheat Igi followed in many, eases by winter rye which is 
disked into- the wheat stubble after harvest. The wheat stubble
seems to fee necessary in, this region to hold the winter show for
the protection of the. young rye seedlings.:

larvae can be killed by tillage methods, which lift and ez-
pdse the stubble to thorough drying (9). Some reduction in popu­
lation can be expected from very. shallow surface tillage soon



after harvest o.
Under ordinary conditions, the burning of the Infested sthb<- 

hle in the fall Or spring does not seem to heat the ground suf­
ficiently to kill the larvae in the stubs 4,
—— Early harvesting’ of the crop eliminates some loss,, since 

the. plants do, not fall until- they are ripe and the straw is dry 
(8 ) Ihis early harvesting is usually accomplished by swathing 
or binding the grain just prior to ripening. Pickup reels at"- 
tached on combines are used to pick up grain that has been 
swathed or wimdrowed^).

Ifunro (9) found that the application of present day insect­
icides are impractical in control of the wheat stem, sawfIy».

reheat may be protected somewhat against sawfiy by delayed 
seeding (9)jJ To.what extent this advantage is offset by decreased 
yields still needs to be;determined.

Flax is readily infested, but'the sawfiy mortality is quite
high (3)«. The sawfiy appears- to. foe- of little importance .as &

.

potential pest in flax,
Farstad and Platt (Il) tested a number of barley varieties 

throughout the sawfiy area in Canada*. Significant Varietal dif­
ferences in infestation, were established- In all. nurseries and ,in 
cutting in all but, one * Treb I was found to be most resistant 
with Plush,- Prospect ',and Uewal almost equally so,. ,Hannchen and 
Hex were, most susceptible, Mone of the barleys sustained damage
to the ,same extent as adjacent plots of Thatcher and'MarquiS

' ■ ' • ■ •' 'ay,
■ ' ''-Ui
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wheats. UtipuhiLished .data ftiom the EntomoiLogy department Oii , '; 
Sdntana State college indicates that the .barley variety,, ;. ■ ,. 
Comp ana ? is highly resistant to the saw-fly*

Farstad atid Platt (5)y found that durum varieties had high
■ 1 ' ' * — - . 4 . I'

resistance in. wet years and variable reactions Itt other years.
Waere practical, rotation of crops , is recommended, with .

Such resistant crops as flâ ., oats,' barley, corn, .mustard,, and
sweetciover (7)» This should ,prove effective in reduction of
sawfly damage. , 1

Tho'latest and present recommendation in Montana is to
plant Bescue wheat in all sawfly areas,; Rescue is a hard red
spring wheat with a solid .,stem which -appears to be the source
of resistance. It has proven "beneficial in the sawfly areas,
but like all varieties of wheat it has certain limitations.
The solidness of the stem is modified to. a great extent by
: " "' - ......  -
weather conditions,- If the weather conditions are variable.

Rescue may be expected to give, high resistance one year and 
practically no resistance another. Platt (1 0) has demonstrated 
■that shading in. the field will cause solid stemmed' wheats to 
become hollow, He found that with few exceptions solid stemmed 
wheats always have hollow stems when grown in the greenhouse* 
However, he found that Golden Ball, a solid stemmed durum,, re­
mained solid under all conditions*. It was more resistant to 
cutting than any solid stemmed vuigare wheats tested* In view 
of Platt’s study it seemed desirable to attempt a transfer of



the soil'd Stea character of Goldeii Bail to hollow steamed varl- 
eties of vuigera Vlli^ by hybrldlz&tloh* Ihls project
was started by Platt (ll.) befora TamasMtaia.work was made avail- 
able? According to Taaashita there is a gene for hollowness in 
the 0 genom of W t i a m i  wnlgare. Vlll. that is ep&statla #  the. 
genes for.solidness in the. A and B geadms. TamasMta's v/ork may 
have influenced Platt since he Was unable to accomplish this
breeding objective, Pidtt'8 failure to Obtain solid ste$ vMgare

-'■ ■ ■ • :

segregates lends, support to Tamaghitais hypothesis.



MATERIALS ABD METEpDS
Tt&o th. Otis and. varieties of foreign whs At infer odt$e t io'bs were 

obtained from, the Division of Cereal Crops and Diseases, Bureau 
of Plant. Industry, Solid and Agricultural Engineering,. Dnited 
States Department of Agriculture* and .Beeded October 
These wheats were seeded in single five foot rows in a sawfly 
infested area northeast of Choteau, Montana«. This was the be# 
ginning of an extensive screening: project with the State of 
Montana and the Dnited States Department of Agriculture cooper- 
uting, Sipce the. spring and winter growth habit was. not known,, 
these same 2000 varieties were replanted' May D, 19lj-9o

It was thought that a diversity of plant characters might 
have, an Influence oh infestation. Wheat varieties.were divided 
into groups having different characteristics with 25 to 30 vari­
eties selected for each group,: The groups were as follows; Tall# 
Short, Early, Late, Large Stems,. Slender Stems, Solid Stems, Du- 
rums, and Clubs,

Agronomic notes taken included date of heading* date ripe,, 
plant height, and growth habit. A variety was considered fully 
headed when ?5 percent of the row was headed. The early group 
headed out between June 21 and.June 30, whereas the late group 
headed out between July 12 and July Ij?*, Varieties in the short 
group varied in height from 19 to 26 inches at the end of the 
flight period,, whereas those.in the tall group ranged in height 
from 27 to 33 inches,. Varieties assigned to the slender stem

18



gpo&p. and large stem group were those "Which appeared either large 
oh slender in the field. This material was measured in the lab*- 
Oratory rising calipers to measure the diameter of the lowest In- 
ternode» The slender stem group ranged in diameter from 2 .2  mm 
to 2o5 ram and the large stem group 3.2 ram to 3.8 ram., The solid 
group included varieties which were variable in the expression of 
■ solid stems6l Mr,. JD». I... lardy who sent the sped from- Saoatony .Ar- 
Izona,. included a list of varieties showing stem solidness. This 
list was the basis for this grouping. Only those.varieties show­
ing more than solidness were included,, No variety in this 
group was as . solid as Rescue „ Varieties for the durum and club 
groups were selected on the basis of morphological characters. No 
oytological study was made, therefore, it is possible that a few 
varieties do not belong in these two groups»

The sawfly flight period lasted from June 10 to July i5 with 
some, appearing before and after this period but. not in great, e~ 
nough numbers to, be of importance.

Material from the fall planting was collected on July 9? 19L9 
and from the spring planting bh. August I, I9ii9« fen stems were 
taken at random from each variety in each series. This .material 
was stored in a refrigerator at Montana.State College the same day 
it was collected in order to prevent excessive drying out of the 
stems.

In the field, the remaining stems of each row were tied into 
two or three bundles While still standing to;insure greater
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accuracy in checking latest at idn and SUtting6. Tying the. pi Bits 
in the row prevented the out stems from entangling or mixing .. 
with adjoining rows *

Field infestation not eh .were takOh by counting1 all the 
stems in the row including the ones .cut off by the■Sawflyc The 
number of out stems were counted and the stems not cut by saw* 
fly were cross-see 11 one d through "the middle, of the Internodes 
and if frass or evidence of tunneling was notie©able they were 
considered infested» For total infestation,, the cut stems - plus 
the infested stems were divided- by the total number of Stems in 
the r o w F o r  percent cutting the Cut Stems were divided by the • 
total number of stems in the rotrv . "

During the fall and winter of %9k9'v*$Q this material was 
Studied in the■laboratory, Bach group was"assigned SG varie­
ties' from the fall planted series and Ijl varieties from the 
spring planted, aeries* Since growth habit was not - Miovm prior ■ 
to Selection of wheats for the nine groups^ some winter wheats ,' 
were selected for spring planted series* This reduced the 
number of varieties, available fen the spring planted series' 
since the winter wheats did not head* ' • ■ .

Infestation was checked by splitting all stems longitudi­
nally» Percent stems with larvae were:- computed for -each Varle*- 
ty. - It was don© by dividing the number Of stems infested With -■ 
larva by ten.. . Percent' Stems, with larvae or eggs was figured for 
each variety. It was figured the same way as for percent stems
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with lap'vad ̂ Larvae p e r w a s  calculated by dividing the ■ .

\
total number of larvae in each variety by the ten atems checked. 
The number and location of eggs and larvae were listed by In- 
ternodeA The internodes were numbered from the bottom to the 
top of the plant one to foun^ Approximately 3000 steme were 
split in the fall planted and spring planted Series ,of which 
only about 30 stems had five internodes at the stage in which 
this material was collected,'

. Iiean infestation location on the stem 'was computed for, each 
Variety to determine .whether it had any effect on cutting*. This 
was done by assigning each internode ■ a numerical value-. Inter­
node I*, which is the- bottom Internode jp was assigned a value ,of 
.3, internode Z a Value of 1 .3? i-nterno-de 3 a value of 2.3,. and 
internode L a value, of 3.3, The total number of larvae and eggs 
in each of the inter nodes was multiplied by the appropriate val­
ues shown above,. . This total sum was divided by the total number 
of .larvae and eggs  ̂ giving the mean infestation location .on the- ' 
stem for. each variety, ' - ■ '

The data was first analysed on the basis of the groups as 
previously set forth. An examination of this analysis- indicated 
that -a population study with larger numbers would. be desirable,.. : 
For this portion of the Study these wheats; were- divided.into. 
three groups: . (I) all wheats in the abpve groups $ (2). hollow 

stemmed wheats* and (3 ) solid Stemmed wheats and durum wheats*
The basic information used -in. this study-was , recorded On ■'
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puneh cards and run through an I"BH Machine#
One hundred and eighty-eight correlation coefficients were- 

computed* some of which were net directly applicable# Some mul­
tiple correlations, as well as regressions# were computed.



Varletioa in tbe eprlng serloa w r e  over two creeka
later In heading than' the aome var&otiee in the fall planted &o* 
rloa a# ohwm in T&ble I* For thl# reaeen the Bprlng planted 
!material %raa not odlloetod until three wek@ after the foil 
planted material had been eolleoted*

Table I* & oomparlBon of the beading datee for different groapa 
in the'fall and aprlng planting*

Groqp
Averago Heading Date

Sn̂ hWWltWSiaM--I-Vr?

Tall
Short
Early!,ate
!,Wgo Stem 
Slonder Stem 
Solid Stoss 
Dwnm.
Glnb

July 3 
aily o 
Juno 30 
Jbly 13 
Jhly 8 
Jbly 2 
Jnly 8  
Jbly 8 
July 11

Jbly m  Jbly 20 July I? 
July 31  
JWly %  
July 17 
July 27 
July 23 July 27

Upon Ohooking lnfoatatlon in the spring planted varlotlee*. 
it woe found th&t Ji jlarge amount of larval tunneling bed tukon 
plaoo throng the node#& For thio reaaon* it did not aeem 7##* 
tifieble to oosyute Anfeetation data alxallar Iso that in the fall 
planting* Thle tunneling must have roaultod in the deetruotlon 
of other larvae and OGGP and rooulted in ams.ller lnfeatatlom 
roadinga than W d  ooowwodl* lnfeetatlon data for the &pi%b%# 
plantlnga, thorefore, .conwlata only of percent etomo with larvae



e* *888 f w  e&db variety* Goayaovew 1#  over 3%0@ 8&QQ6  

wore atMWGdU Glaa&e the w & 8#pIm tW  aw ts# W t w  «Wk W**- 
w%la& t w  m m  vwWAAo data Aw tMa «W y %%*& # t a W 4  fern, 
# e  f a l l  #&a8&8# aerie#*

Uaay of #%o f a i l  # W #  vee&et&ee 4M %ot 88#aS#a&a wo&'&l 
%M fallool## gpe&aB d#a to  v@#y Awy om&S#eao* W #  a m d l# #  
#&#%&& bo OORgMema booauao o f  lto  goeo&b&e dffo&t oK&oayl#* 

lmfoatatleB* Ga %#3& a* &%&%#&#* maa &&#hap &a Sbo fall5
#&88&&Q8i Wm &a She apaplag y lw tW *  Bbe amply f&*#& m e #ca* 
8&ae#&&iR#U%MmLt#&%Nab@*& i%o m w w ye

Date o f M a#Rsba# a& effeet #R8By of tb ew aow sg  of &&* 
foBt&Mm or eattla# l&tha f a l l  plm ta# #orW * la
tab# $0W»MtRa# W A A a g  a&So W t  #. Tfeazgr ppmomoea- edN%w&$t
m  MfoatoAlm e&& o u W % % <  #b&8 Aa I i a m t m i W  Aw 2 *

fab&o 2 * A A o q p w W w  Af W w t a t & m  a M  m t S M g  for d*#B*y*8& 
gpoqpa.&aSba fall W (  BBP&ag - '

* m & a &8 aa6&



Since the maturity of varieties by groups differed ocm^ - 
siderably It mas deemed ahdeslrable to eoatihKe with the orlg- 
Inal analysis on the basis of these groups* In .addition, each 
of these groups was affected by a number of factors which would 
give misleading reaulta* For example* the tpll group mas In­
fluenced by date of heading, stem ai%0», amount,of stand and oth^ 
ers, in addition to the plant height factor* Since these fac« 
tors influencing the results could not be controlled in the 
group' analysis, a population study mas decided on*

Selectivity of the aawfly for different plants la also 11- 
lustrated in Table 2. The durum group in the Spring planting 
had only Ij. percent of the stems infested as compared to a much 
higher.infestation'.In the other groups* This selectivity is 
hot so pronounced in the fall planted series where all groups 
had a high infestation* For the above reasons, it was deemed 
advisable to keep the durum and solid stem groups separate 
from, the hollow, stemmed varieties for the purpose of population

study* . . .  ..
An attempt was made to devise a sampling method which would

give an accurate prediction of percent cutting about s #  weeks 
prior to harvest. The methods used for sampling, infestation 
were as follows; (I) percent stems with larvae, (2) percent 
stems with larvae, or eggs, and (3) larvae per'stem* These meth 
otis have been previously described* Percent field infestation 
was also taken for comparison with' the above, sampling methods *
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exhibit a higher correlation'with percent cutting than the ,
solid stemmed and dnrum wheats*.

Percent stems with larvae' appears to be the best method of 
predicting cutting in solid stemmed and durum wheats. Whereas 
percent stems with larvae or eggs has a higher correlation with 
cutting in the hollow stemmed wheats» ■■ Field infestation had a 
higher correlation coefficient with percent cutting than any of 
the other infestation measures* fhis may be due to the fact 
that field infestation included cut.stems which raised the cor­
relation, . ■ . ■ ,

Only a small number of correlations were calculated in the 
spring planting because of the limited data,.

Regression coefficients were determined for percent stems 
with larvae or eggs with percent cutting* These are presented 
in Table lp*

2?

Table lp, Regression coefficients of percent stems with larvae' 
or eggs with percent cutting, in the fall and spring 
plantings*

Types of wheat Bo* of
varieties

- Regression 
'coefficients

Fall planted series H b
I* Solid stemmed and tiurums # .2 3 1± *517
2* Hollow stemmed wheats l # ,326t4669

Spring planted, series
I* Solid stemmed' and durums .. 30 ,128± ,039
2* Hollow stemmed wheats 10% .7291: ,ol|.o

Denotes significance at 1% level*



Table 6 , lean InfestatTon loeatlon for each group in the fall 
planted series,,.

29

Group I Average mean infestation location

Tall 2*77
Short 2 :6o
Early 3 :oo
Late i;6i '
Large Stem'" . - 2 ^ -  -
Slender Stem . 2:9^
Solid Stem 2 A
Durum 3:26
Club 2*02

Mean infestation location'is lower on the stem in later ma­
turing varieties* The late- group and the club group, a . compar­
atively late group, illustrate- this. Infestation location was 
higher on the stem in the durum and early groups« See appendix 
tables I to 9 for detailed data.

Mean Infestation location was highly correlated with outting,- 
especially in the -solid ste&med and durum, wheats.^ The _ correla*" 
tion within the hollow' stemmed wheats were significant at the 

■ -levels but not at the level, Since the correlations are of a 
negative value this indicates that .the lower ' the infestation,, on 
the plant the .more liable the plant is of becoming cut, partlcu-^ 
larly in the solid stemmed wheats* Table 7 shows, the correlation 
coefficients between mean infestation lohation and percentage 
cutting and percent stems with larvae or eggs in the fall plant- 

. Ing,, '



Slnoe regression coefficients are known,, it is possible to 
predict the amount, of cutting by knowing the percent stems' with 
larvae or e g g s Ihis is demonstrated by using examples in
Table 2..

28

Table , Examples of predicted cutting percentages assuming in­
festation percentages of 3 0,, 5 0, and 7 0,. and using the 
regression coefficients in Table

-Types of wheat Percent .stems |
■with' larvae or eggs

Predicted 
percent cutting

Fall planted series
I* Solid stemmed 30 6 ,1

and durums 20 10,7 .
- , 70 . ■ 15.fj-

2* Hollow stemmed ■ 30 27*6
50 A  4
70

Spring planted series
4.0 ,6

I* Solid stemmed 30 4,8
and durums 20 7:3

' 70 9;9
2.i Hollow stemmed 30 26;2

2o 41 ;i-
70 22,7

Data on infestation location are presented in Table 6„
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Table 7« Correlation coefficients of mean infestation location 

With percent cutting and percent stems with larvae or 
eggs in the fall planted ■ series*.

Characters correlated Typos of wheat j sr̂  ■ r ■ •

Mean infestation location 
x percent cutting

I. Solid stemmed 
', and durum's 

2* Hollow- stemmed 
3. All Wheats

■S3S.
N p4

-.356-xx
^*172%

Mean infestation location 
x percent stems with lar­
vae or eggs

I* - Solid stemmed 
■and durums 

2.. Hollow- stemmed 
3* All wheats

lko
180

S  0^3

•
• Denotes significance at the £% level • 

-x-x Denotes Significance at the 1$ level 
+ Humber of varieties in each correlation

Most of the larvae were observed in the third internode with 
internodes two and four following in that order*. Howevers this 
was not true in the case of eggs observed* Most of the eggs 
were observed in'internode four with internodes three and two 
following respectively* These data, are presented in Tables B 
and %  Only in the case of the durum group were there more eggs 
found than larvae observed* This may be due to the fact that 
the eggs were more noticeable in pithy stems*

\
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Correlation coefficients calculated on the Intennode data 
are presented in Table IOt. 'Computations were made for the hoi” 
low stemmed wheats only,* Table 10 shows that percent cutting 
is significantly associated with.percent stems with larvae or 
eggs and percent stems with larvae in internodes two and three,,. 
There is also association of interned© infestation with heading 
date and plant height and these correlations Substantiate the 
association of heading date and plant height with infestation.

32

Table 10, Correlation coefficients of percent cutting*, head­
ing date'and plant height with internode data for 
the hollow stemmed wheats in the fall planted series,

. (5=1^0)

Correlation coefficients
■ $ cutting |.Heading date Plant height ''

Percent stems with' larvae 
or eggs at interned©

r V

I ;o2^ ;29i**
2 :227^ ;g73** ,123

■■3 -1070 -13^1*
C

Percent stems
-.031

with larvae
-.718**

at internode " “
I ;oo? :z 75#* , ̂ 239**
2 ;2oo* ;623* ;207*3 ;222** ;p9i ~ .336 -̂:;-
S-

Percent stems
,001

with eggs
*679** *-.*398^

at internode ' k
I :o^9 no 7 olii.6
2 ;io8 :039 ;ooi
3 -;027 ,019. . -i *.03% ”.296w* a 313̂':'-

b Denotes significance at level, 
-Kw• Denotes significance at Iffo level*-
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63.1 wheat iwlotlea In thie Study were holldw stemmed\e%^'
eept-those In the solid stem group and some In the durum group* 
A few Of the hollow stemmed wheats had a cutting 'percent. low
enough to warrant further testing. These varieties are: (I)
Tall group,; 1:00-* 1318, and ,1398* ,(2 ) Short group, 1508', (3)
Barly group* 289, <4 ) Slender stem gr##.* 303, 1 3 1 2, (5 )
Olub group, 93, and 517. Appendix tables 7 and 6*, the durum
and Solid stem groups;. Show considerably more varieties with a 
Idw cutting percent*. It is believed these, varieties had a low
cutting due to the presence 'of a solid or pithy stem.
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DISCUSS!#

Varieties with $olid or pithy a terns and duMims were the
only wheats that showed, considerable Mechanical resistance to 
the wheat stem sawfly in this study« Some of the characterise 
tics looked for in the laboratory s fcudy3 In addition to those 
previously presented* were the following* (I) & hard* thick 
stem wall sufficient to prevent oviposition of the eggs* (2 ) 
nodes* hard enough to prevent' the larvae from passing through 
to the bottom of the stem* (3 ) long* narrow nodes which would 
prevent the larvae from, passing, through* ■'(%) sufficient pubes- 
Cence- on. the stem to interfere with ovlpositlon of the eggs. 
Since all the varieties studied were cut to come extent' in the 
field* it can be assumed that the ,above characteristics may 
not have, been .present* or if they were* did not inhibit cut­
ting to any appreciable extent. It was disappointing to find 
only a few varieties out of the original 2000 with pubescence 
on the stems and that in minute quantity*

Of the methods described for sampling infestation prior to 
harvest to predict amount of cutting* it appears that percent 
stems with, larvae or eggs is the best measure of ultimate cut­
ting in sampling hollow stemmed- wheats# However* percent stems 
with larvae appears to be better in sampling solid stemmed or 
durum wheats, This is shown by the relatively high Correlation 
coefficient - of ,690 between cutting And percent stems with Iar^
vac.
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The correlation coefficients between percent cutting and ’■ 

Infestation were twice ns high for the solid stemmed and durum
wheats as for the hollow stemmed wheats* Infestation .lb the 
fall planting Varied from $6# to 76# for the hollow stemmed 
wheats and 70*!?# and 30# for the solid stemmed and durum wheats 
respectively. Infestation la the spring planting varied from 
1^# to 67# in the hollow stemmed wheats with 4-3# for the solid 
stemmed wheats and 4# for the durum wheats* In.the hollow!-, 
stemmed wheats about #0#of the Infested stems were out in both 
the fall and spring plantings. The solid stemmed..and durum 
wheats were Cut 22# and l8# of the infestation respectively in 
the fall plant Inga In the spring planting the solid stemmed and 
durum wheats were cut IS# and 33# of the Infestation respective^ 
ly* So the solid stemmed and durum wheats show more resistance 
’ to cutting as compared- to the hollow stemmed wheats,

Regression coefficients are valuable in predicting amount - 
' of cutting If the degree of infestation, is known* If & farmer 
knew he could expect #0# cutting, he might start harvest operas 
tlons somewhat earlier or even consider windrowing+ The re^ 
gression coefficients for the,hollowed stemmed wheats and the 
solid .'.stemmed and durum wheats were significant ah Llie spring 
planting* This means that more accurate predictions can be 
made for the spring '.planted wheats+ Sihoe this datum consists 
• of only one years work# its value is limited,* I  ̂wouxd be de­
sirable to have more than one years information in order to 
more accurately predict amount of cutting since it is not- known



Wheth©> or not the regression values remain relatively constant
• in all years or under all conditions*

Date of heading had no effect oh cutting or infestation in 
the fall planting^ hut It did in the spring planting*■ The'fall 
planting did not germinate until the following spring' which re** 
suited in this series' being early ah a whole.and making the com.** 
paratively late varieties early enough for the sawfly flight*' 
The early group in the spring planting had the highest .infesta­
tion and cutting percent» Since the spring planting teas, more 

: than.two weeks later in heading it probably caused the early 
; group?s high cutting and infestation to be so pronounced. In 
spring wheat it' appears, that a late variety can avoid the peak 
of the sawfly flight period^ but it does hot appear possible -- 
for a variety to be early enough to avoid this flight period* 
Correlation coefficients In the spring planting between infe.s—

✓ ' ■ 'itat ion and heading dates' were ~, 6 3.7 for the hollow stemmed 
Wheats and ~*3?4 for the Solid stemmed and durum wheatss The'

• correlation with the solid stemmed and durum wheats' Was lower- 
than with the- hollow stemmed wheats because of the influenccf of. 
the duhuins*. Thd sawfly did,- not .prefer'-the durums^ resulting
h very low infestation*. There is indication that some factor 
of the durums,. possibly the -coarseness of the durum stems or 
the thinness of the durum stands due to Ihck 'of.tillering,.and , 
subsequent exposure of the sawfly to the Windwas the prin­
cipal influencing, factor*. It is also possible that some other



dtirtym: plant ohanaoteristics may have been influencing factors „
Plant height is associated with cutting 'and infestation* A 

taller'variety generally has less Infestation1 and cutting than a 
■short variety, ■ This was especially true for the solid, stemmed ■ 
and durum wheats in the correlations with infestation* ■ The cor­
relations were over twice as high as for the hollow stemmed 
wheats* Plant height is more highly correlated with infestation 
than with cutting* ■ ■ '

■Stem diameter does not appear to be correlated with cutting 
or the different measures of infestation,, but Is correlated with 
date,of heading* plant height and infestation location* .Stem di~ 
■ sane ter "is correlated only with those factors that are 'not of too 
much importance in this, study* The fact that sawflies vary in 
sine and that stems vary.in diameter on the same stem possibly 
explains the lack of significance In correlations with cutting 
and various measures of infestation* Stem diameter shows a rel**
' atlvely high negative correlation with -mean: infestation location 
which means that the larger the diameter of the stem the ■ lower 
down on the plant will be the infestation location* Stem diame­
ter was negatively correlated with percent stems With larvae at 
inter node s 3 and if.. This indicates that the larger the diameter' 
of the stem the less is the amount of infestation, at these two 
internodes. Stem diameter showed a relatively high positive -cor­
relation with percent. stems with larvae or eggs at internode 2 

which lieans' that the larger the diameter of the stem the higher



the amount of infestation at this Ititernode*
Correlation coefficients between cutting and mean infesta­

tion location were over three times higher for the solid stem­
med and durum .wheats than for the hollow' stemmed wheats# This 
means that the location of the infestation in the solid stemmed 
and durum wheats is of much more importance#. To illustrate 
this, infestation on the lower-part of the stem will, result in 
more cutting than ■ infest at,ion, towards the top of the stem in 
solid'stemmed and durum Wheats* Generally,- location of infes­
tation in, hollow stemmed-wheats does not .sepm too important in 
affecting the amount of. cutting* since the larva" has no obstacle 
other than the. nodes to pass..through in order to reach the bot­
tom of the plant» • .

Infestation location at the different internodes shows as­
sociation with cutting.,, heading date and plant height# In the 
infestation measurements, cutting is associated with internodes 
2 and 3 in percent stems with larvae, and percent stems with lar­
vae or eggs# This 'means that more cutting occurred when the in­
festation was observed at internodes 2 and 3» Percent stems 
with eggs was not associated with cutting at any of the inter- 
nodes. However, all three of the Infestation measured are cor- 
related with date of heading at one or more Intornodes„ Date of 
heading was highly associated with percent stems with larvae at 
internodes I, 2 , and l|„6 This means that the later the variety, 
the- higher is the infestation at internodes I and 2 and since



inte'raode If has a negative correlation, it means that the later 
the variety the less .is the infestation at this internode„
Plant height is also associated,, with the different measures' of 
infestation at the various internodes <, But in plant height, in­
ternodes 3 and if show negative correlations„ . ^his means,that 
the taller the variety the'less Will he the infestation at these 
two internodes, However, percent stems with larvae or eggs at 
internode I has a positive correlation with plant height which 
means that a taller variety will have .a higher infestation at-„ . , . \ W - - • • 1 '
this lower inter node* - Three times more larvae than eggs were ob­
served.

The multiple correlations showed marked differences between, 
the fall and spring plantings, Por example, in the fall planting 
date of heading and plant height versus percent cutting showed no 
significance, but the multiple correlation of these characters 
was highly significant in the spring planting.



.

StmSARY
The pIaat ehahaeteristios of 180 varieties of wheat .'in both, 

a spring and fall planting were studied in relation to attack by 
the wheat stem. Sawfly0 The plant characters studied were.the 
following: date of heading#. date, ripe#. plant height.stem diaffî
sier and stem solidness*.

An attempt was made' to devise a method for sampling lnfes** 
tation about six.weeks prior to harvest which would give ah ac­
curate prediction of percent cutting at harvest time d Percent 
stems with larvae or eggs appeared to be the best method of earn-*- 
plitig infestation in hollow stemmed wheats# and percent stems ■ 
with larvae seemed the better method in the solid stemmed and 
durum wheats„

Varieties with solid stems and durums were the only wheats 
that showed considerable resistance to the sawfly*
^ / zDate of heading showed a relatively high negative correla­

tion with cutting and infestation In the spring planted series* 
with the exception of the solid stemmed and durum wheats#, and no 
significant correlation in the fall planting, A negative corre­
lation indicates the later the. heading date the less the infes­
tation and cutting* . . .

Plant, height showed a negative correlation with cutting only 
in the spring planting but was negatively correlated with - infos - . 
tat ion in both the spring and fall plantings # with the exception 
of the hollow stemmed wheats in the fall planting* This negative 
correlation indicates that the taller the variety the less the



cutting and infestation,: • ,. ■ • ' •
Stem diameter1 was not found to be correlated with either 

cutting or infestation,. However# stem diameter showed a relative^ 
Iy high negative correlation with mean infestation location^ Indi-
oating that the larger the stem diameter the Iowan, dew# oh the
stem will be the infestation location. Stem diameter was nega­
tively correlated with percent stems' with larvae at internodes 3 
and Lrt indicating that the larger the stem diameter the less the
infestation at the## two l&terhodeB, Stem diameter adhibited &
relatively high positive correlation with percent stems with Iar- 
vaa or eggs at internode 2, indicating that the larger the stem 
diameter the higher the infestation at this internode.

Mean infestation location had a relatively high negative 
correlation with cutting and .infestation, especially in the Sol- 
Id stemmed and durum wheats, This negative correlation suggests 
that infestation on the upper part of a solid stem or durum stem, 
will result in less cutting than infestation on the lower part of 

the stem.
The regression coefficients between infestation and percent

cutting were highly significant in ,the spring planting but were
mot aignlflcant in the fall .planting*

IU the spring piQhtingi, date of heading and plant height In
combination were highly correlated with both percent cutting and
infestation.,-- but these -Sameimultiple- correlations exhibited no
association in the fall planting.
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APPENDIX

Table I. Fall planted tall group„

Variety'
No9 O 

_
t?h 

I

# field
i-nfestation

^ stems 
•with 
larvae

^ stems 
with larvae 
or eggs

Larvae
per
stem

Mean in­
festation 
location

82 28 63 20 . 50 A ■ 2 .8 ..
■ 99 .1^ ' 45 80 8 0. 1 ,0  , 3.2:

100 10 ' 26 80 90 1 .0 3.1.
^ 7 6k. 77 50 . 8 0. ■ A 2.5,
558 62 ' 8ft. 70 80 «9 2,9..
5:71 # 55 70 70 .,9 . 3,2

1009 . 4.6 74 60 80 ,7 - 2.5
•lit? 50 65 50. 70 *7 ■ 2 «8 ,
1182 60 50 55 ;? 2,2 .

.1 2 6 6 66 83 90 90 Iel ■ 3.3
1318 10 15 . 4o ■ 80 A  ■ 3.1
1319 18 ■ 35 50 - 80 ,5  . 2.7
1326 38 42 30 4° .3 3.0
1366 55 80 70 70 .8 2 ,1

1367 47 59 . 10 5o ■A 3.3
1371 25 52 90. 90 1.1 .' 3 .1 .'
1375 33 45 40 50 .8- 2.9
139# . 10 4l 60 60 «6 3*2
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Table' 2 . ■ ̂ all planted short group:.

Variety
No^

ft
cut

# field
infestation

% stems, % stems ' 
with with larvae 
larvae ' or eggs

. Larvae 
per 
stem

Mean in­
festation 
location

$1 22 76 80 80 i»4 3.0
30^ 63 90 70 90 ?9 2k2
4?o 70 . 79. 90 100 ikl 2k3
^ 9 36 ' 23 30 1|:0 .3 3c3

33 44 4o 20 ?7 2 ,2.
1219 32 . ' 20 2o. ‘ 2o 2*7
1220 23 66 2o 60 t7 ' 2 .4

129% 2o 73 90 90 I $l|r. 2,&
1293 " 70 92 100 XOO .y 1 .6 2 .1,
3499 31 . . 28 , 30 . . 4 0 '' ,8 2 .2
1$08 10 22 . 30 . 40 f3 3.9
1516 31 40 2o 2o •?9 .2*3
1601 62 . ,78 80 60 1 ,2 2*4
1634 80 % 2o 2o »2 2 .$ "
1635 92 99 90 100 1*3 . 2*6

1638 2o 82 . 60 ■ 70 ■ ,6 - ' 2 ,8 ''".C
1622 60 Vo 60 60 • ^ ' 2*2

1623 26 66 60 60 *7 2*2 .
1707 ■44 44 30 ' 60 >3 3*1'



Table-3». Fall- planted e&rly greup*
' ' ' .

Variety
Ho,

%cut
# field .
infestation

'fa ,stems % stems 
' ■ with.. with larvae 
"larvae or eggs

'Larvae 
per 
stem

Mean,In^'- - 
f©station 
location .

288 30 63 . 100 . .,100 . 1,8 ' ' 2.-7 '
289 . 10 30 . . . 100 ' • ■ ■ 100.... 1,6 ' 2 .9"'
290 20 39'. 100 100 2,3 2,9.
370 60 6? 50 70 . ,6 3*1
877 48 73 70 80 .,8' 2+8

. 879 27 3i ' l|.o . 4° 06 , 2*8.
.1216 22 38 90 100 1*4 2.8
1238 23 49 40 40 .*3 . 3*3
1239 40 76 30. 60 , 6 3,1
1268. • 30 82 80 90 1 .2 3*1
1269 33 86 90 90 ii4 3,1
1270 3o 83 .. 90. . 100 -1,3 3*1
1271 3k 87 . 90 . 100 i.3-. - 3.0

1293 43 .. 78 . 90 100 1*1 ■ 3,1
1297 33 66 30 70 *7 3,2

1373 23 ■ 4l - - ■ 30 30 *3 3*2
1377 33 43 • 4 0. 30 *7 2.1

lij-23 30 68 60 80 *8 3.2
1300 33 3 i 60 60 - .8 3.2
1716 37 48 0 40 *0 3.3



. 4-9..
Table Ij,* Fail planted late group» ,

Variety
ffo-«

?*
cut

# field
infestation

% stems 
■ ■ with 
laryae''

- stems
with larvae
&r eggs.

Larvae 
■ per 
stem

Me an •in­
festation ■ 
location ■

IlS W 6l 60 60 >■7 1,9
'75 83 100 100 1 ,8 2 .2

307 35 61 100 100 1,4 2 ,1

S33 b W 70 . ■ 70 ■ *9 1 ,8

^ .6 55 1k 56 70 »8 . 2 ,1

S76 20 38 4.0 .4-0 4 1*9
cjyy IiO 51 90 90 IiO 1.7
S79 21 56 80 80 .9 2^1

S80 20 28 70 ■ 90 t9 2,3
13^. 60 65 60 ■ 60 ,6 1,7
1S22 KS 52 50 80 ,-5 . 1 ;8

1523 50 SI . 60 ' 70 *7 1 ,8

1526 52 59 50 60 .5 ■ 2 ,2

1S28 50 61 60 60 ,6' . 1,-7.
1S30 38 4-6 70 70 1%0 1 :7

1S34- 30 36 60 60 *.6; 1,5
1S36 59 80 60 80 .,8. 2^
1S38 47 ' 56 60 60 1*8 '
16S0 52 ■ Ik . 70 80 i+2 1 .8 6



Table Fail planted large stem group»

Variety
Ho, . ■ O

# field
inf©station

fo stems 
with 

larvae
stems

with larvae 
or eggs

larvae
per
stem

Mean in­
festation 
location

4-91 40 a 100 100 1 »4 2^5 -
529 68 87 50 90 *9 ■ 2'd
530 70 88 . 70 ■ 70 . * 9 2 ,1

563 33 45 . 50 50 6̂ 2*1'

' 565 17 26 30, 30 ;̂ 3 2,5
566 30 50 50 60 . <6 2»5. .
567 4 6 48 60 70 IiO 2,5
572 50 57 60 60 -?■ 2̂ 2

1104. 31 69 30 40 :,3 2*5
1106 22 32 '30 30 .*3 2 ,2

1107 25 39 30 40 ■. ?4 2,3

1108 38 30 40 . a3 2,5

1109 25 31 30 4o *3 2,3 .
1166 23 h? 50 50 *5 2>9
1172 71 85 10 4o . T1 2,7

. 1173 30 5i 40 60 1,9

1517 27 ■ 32 30 30 ®'3 2,5

1637 39 5i 60 70 . °7 2*5
164.9 56 69 80 80 ' 1,5 2,8

1667 50 82 60 70 1*0 2*7 '



Table 6, Fall planted slender stem group..

Variety
out

fie ld
infestation

/2 stems 
■ with 
larvae

/%> stems 
with larvae 
'or; eggs.

Larvae
• per 
stem

Bean in­
festation 
location.

302 35 . pk : 6p 70 *6 2,8.
303 5 38 \ 70 70 • 7 2.3

Wt-i 32 62 100 . „100 1*7 2 e l}* •
W>7 32 59 100 100 .1*1 2*6,
710. 10 59 • ?o 70 *7 2,9

1292 Th 99 80 80 i .5 2,lt-
1312 5 : I? 0 20 ,0 3t5
114.03 57 77 $0 ' 80 $8 2,7
1^2 10 21 50 50 ' - 7 2*9 .
liiSl}. 1|.0 60 It-O #0 ,6 3.2

lk65 31 • 65 80 80 1 . 2 2.9
lIj-66 3k 51|. 60 60 .6 ,3+1

3^67 36. 6l 80 90 1 .0 3*6

1501 25 51' ■ 30 5o '!■3 3.2

1502 28 w. 50 60 »5 3,5

1503 22 %5 10 ,1 2*9

1717 21 25 It-O It-O „4 3*0

1718 50 614, 70 70 1 ,0 2,9

1883 5o Tl 100 100 1,6 2*5

1995 30 38 10 30 . ',I 3*3
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!Table 7 s Fall planted solid stem group=.

Variety
Ho, %out

Afield
-infestation

$ stems % stems 
with with larvae 

larvae or eggs
Larvae
per
Stem

Mean in- 
5festation 
looation

26? l6 %i 70 70 1 = 1 2.9
292 I 3% 60 70 . ,.3 3,1 :
293 i5 %2 60 70 1,0 2.8
29% 0 39 70 loo 1.2 3.1
295 5 %9 %0 100 •4 2.9
305 10 33 0 70 ?0 2 a?
339 30 80 60 60 .8 1.9
%17 4o 62 90 90 l.l 2 .2

443 10 %9 30 60 .=% 3«3
2̂% 10 53 5o 70 .5 2*1

5%2 20 30 70 90 .9 1,9
613 - 35 6%, . 80 90 1.2 2,3
175% 7 29 10 %0 »3 3.0
1762 20 37 30 50 .5 2,5
1826 16 %1 IlO 70 ,8 2*8
16%% 19 50 %0 70 . »9 2*6
1852 17 27 20 %0 «% 2*8'
1875 20 %2 %o 70 .9: 2 .7

1913 10 28 .30 60 .7 ■ 2,5'
1966 2% %5 60 70 1*2 2,6



Tab 8. Fall planted dtirpm group»

Variety
#o*.

%
cut

^ fie ld
infestation

'% stems 
- with 
larvae

% stems 
with larvae 
or eggs ■

Larvae
per
stem

*- " -I ' ' I IN
Mean in­
festation 
location

438. ' 0 » 20. W - 2*5
439 0 22 6 30 -.0 3?2
# 2 . 15 78 10 50 .1 3.5
W 20 ' W 20 . 60 • %2 3,4
459. 20 55 5b 70 -,5 3,3 '
^ l I 19 lo 20 .1 3,2' -

10 17 0 . 20 »0 3.2
^68 i 2 0 20 ,0 3,5 '

1^08 0 25 0 40 „0 3,5
1409 5 29 0 20 >0 3,6 ' ■
ii|.% 0 6 0. 30 ■?o 3*5
iW5 5 11 0 30 »0 .3,5
3416' 0 17 0 20 .0 ' 3,5
iij.17 0 20 0 20 .0 3,5

0 a ■ 0 20 -.0 . 3,5 '
3419 10 58 10 20 .1 3 ,0

lI}-20 15 76 20 50 . 2 ' 3^3
162^ 5 12 " 0 10 *0 '3.5
1627 0 31 10 20 ■ .1 2 ,0

1658 I .25 0 10 ■ .0
. ...,MT' ,Ml-J

3.5 ■



Table- % Fail planted, club gnapp.*,

Variety -p ^ fie ld
Infestation

$ stems 
• with, 

larvae
fo stems 
with larvae
or eggs

Larvae 
. p er 
stem

Sean in- ■ • 
feetation  
location

89 54. .86 . 100 100 I  olt
. 96 4.0, 80 70 " . 70 1?0
91 25 31 go go <i 8 2tl

93 10 33 IpO a 4 3,0
111. 6g go ■ go ,6 2,8
368 20 g8 60 60 «9 '1,8
317 10 ' a go 60 S 2*0
#22 39 51 80 80 • 9 2,1
79^ 60 Tij. 70 70 ,9 2.8
987 a 70 70 »7 • 1.6

1186 37 a 60 a . . 4 1,6

123& 6i 67 70 70 ItO 2,2

1237 go . 100. loo. 1^8 1,9
1%7 61 90 90 l.t2 1.7

1267 39 60 . 60 60 ,7 2,3'
1390 a 61 a 60 '4 2tg
165# 2^ g6 70 70 .8 1,6
16^6 -2 5 g9 0 *0 3,1

16^7 15 2g 30 30 ' «3 1^8
1702 go 63' 60 60 0$ . 1,8



Appendix Table"!CU The correlations listed here are those which:
were'calculated in conjunction with this :" 
study hut have not been previously presented',,

; Of
wheat

Percent I 
stems 
with 
larvae j

Percent 
Stems with 
larvae or
eggs'

Larvae: 
per 
stem

- r ■ r ■ r • ■
Field infestation I,. Solid stemmed -

and durums ' 1580** ;3io**
a; Hollow stemmed ..olLb̂ Ĥ 1550^ -o 339*’*

Percent stems ■
3.» All wheats *598** ^617** ,4.35^

with larvae Ir Solid stemmed
and durums ft* ***■&?. «w 1856^ 1878**2.; Hollow stemmed 1893** .838**

3.? All wheats ■ «** TM WWlIfce,-**' .»895** ■•*.850***
Larvae per stem l>, Solid stemmed - -

and durums o 6[l8** Ww-.ete *4*.
a; Hollow stemmed 1838** &72T** ## W,«wf W  ew-ww

3* All wheats O 8H0-:k;- »730** •ww* w.’w* wir ■»-

Date of heading . '1.0 Solid stemmed - -
and durums ;o5? :2i7 -a. Hollow stemmed 0115 1019 ,0 9 9

3. All wheats #06% .013 ,128
Plant .height I. Solid stemmed

and durums -1532** -;.57^* —*532**
a,: Hollow stemmed .0 9 5 ;i2o .095
3,o All wheats *•* 15^* *,183* -.17^* '

Date ripe 1.0 Solid stemmed - -
and durums -;i38 -.'26l ** e 312*

a. Hollow stemmed ,160 1061 .001
3, All wheats ^^108 -aiii- -.i7b*

# Denotes significance at 5’$ levels 
■ Denotes significance at I^ level.



%#>&» Tba cavrolatioaa I W e & ' W r e  are thoes, dbloh wore ealeklatod ia coojy&etim with this 
Study but have aot bee& previously preseated &

sazaass 4r*
Tsmes
of

#ieat

Date
of

head^ 
.lag

lean - la**
festatioB.
Ioeatloa

Field lafeststioa I* Solid stgmmed : ,
' , ' . aad duwuma - *,2k& **0&1 **614#*-

2& SOlltw stemms&^OOl ̂ »018 ^ioy ^*QEl
I), All "B&teats ***3L5%>4f

Per seat. Stem# 
with larvae

Dwvae per s t W

Date of. hoadlag .

I* Solti eWHaaei 
- SWOfl dumW . *om 2* Bollow #t&#wd *136 . - *160-'o

&*. All-.%WKt#' - *#%
1» Sb&tliji stH3xaa&o<l - . ' -.

ead dWuEis «+,*81? . ".fSZLd&U' -MiTFiOjHk
Bellow f3i>ea%kRgkdb*jpGt9(D *o&l ' *.<

3*. All wMat#' **180 ~*#9l**

If Solldstegmed ' "
"aai dwma - **.*.* *l#i. «%3*% **369#2*.Bello# stem&ad ***** ^6%** §̂994**

3* All wheats ^82## *<i*%5[84&4&

Pl@#t, height &* Solid. grtagbBKBd .
. . ' sad iw w s tljSsi **## *373# '*p6#

, Bollow'stemmed #ĵ6%****** *28-9̂
.................3» 4111 -#L9e,t# *.390##̂ *̂  f36lm 4,179#

Data eipe . I* Bol&d stemmed
aod durms **136 $3734» -»*** -**(%&.

- Bollo# Atmmed #16̂  ,&69@# .**,**.-
3* .All wheats **16& +J&&1**-' -**** '
—..Ii—r.̂̂:.rf̂ rf̂.1l1rm̂r>f-friiki  — f̂riTr rfrri..t.tr̂.

* Dsuotas. slgnlftpaaoe a t . l e v e l
4% DaaotAA sigalfiomioe at level
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Appendix Table 12? The correlations listed here'are those which
were"calculated In conjunction with this 
study but have not been previously presented 
and are data for the'hollow stemmed, wheats 
in the fall planting*

rr— —--- --------T— '
■Stem diameter MeAn

— ...... '-V--̂rr-****** -1—
infestation location.'I (B=Iio)

Percent stems with larvae
or eggs at Internode

' I — *309 ”̂'"
2 i SoS^r -1 7 3 8**
3 -;2i7 ',*102

■ *201 890 x-x-

Percent stems- with larvae
at inter node

I -i293**
2 ^097 - * 7 i w
3 -*318* -.092 .

: I. -«323*
Percent stems with eggs 
at internode

I a #  - - '
■' 2 

3
■ *213 
*281 -1013

■ I ;37i**
Total eggs per stem ' 

■
-sObl ' 1 • 1290.**

, .̂rrrr--'-., --1 hi , „ --,,-r-Ti-r--r—rp1   
# Denotes significance at S%f level ■ 

Denotes s ignificance at H  level -
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