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ABSTRACT: When searching for an ideal 'mass screening technique' fer
¢otton plant antibiotic resistance te Helicovarpa spp., a 48 heour feeding
on squares using f£inal instar larvae' biocassay was found to bs the most
suitable. It cerrelated better, than the other tzchnigquss trialed, with
the 'Standard' larval hioassay traditionallv used as an antibiotic
resistance measuring teel and was more energy eificient than ths
*Standard’.

En ideal mass screening technigque using the two spotted mite (Tetranvcehus
urticae) on cotton seedlings failed to correlate with the 'Standard’
rendering it unsuirable for measuring antikbictic resistance te Helicovearna
SPP. .

The widely rervecrted finding that gossypels ars very important to the
antibiotic activity against the cotton bollworm (Helicoverpa armigaral was
supported with highly significant cerrelations betwen gossvocl content cof
plant material and percent larval weight gains. In contrast, condensed
tannin content of 'fresh plant’ diet incurred insignificant antikictic
activity against the cotton bollworm but important antibiotic activity
against the twe spottad mite (Tetranychus urtisaaj.



| 5

2

INTRODUCTION: The aim of this project is tc develop a mass screening
technique for the selection cof cotton plant antibiosis resistance ta
Helicoverpa spp.. Ideally, for the purpose of mass screening, this
technique needs to be accurate, simple, economic, dependable and fast.
Such a method could be used as a tool to select for Helicoverpa spp.
resistant material resulting in a reduced dependence on insecticides hence
slowing the development of insecticide resistance.

The legacy of the cotton industries complete dependance on chemicals for
control of its insect pests is now very apparent. As well as being berh
economically and environmentally taxing, insecticides are losing their
affectiveness through the development of insecticide resistance. This has
led to a serious consideration of alternative control measures of which
'hest plant resistance'’ (H.P.R.} is one.

Antibiosis is a phenomenon in which one organism is in oprosition to
ancther. It is one of the three recognised plant resigtanss mechanisms
associated with H.P.R. along with morphological and tolerancs
characteristics, vet, ignored in current cetten breeding programmes.
Antibiotic resistance is the focus of present research being carried out
here at the Bilocela Research Statien. To irtroduce this facet of plant
resistance into the breeding programmes could only strengthen the efficacy
of H.P.R..

The chemical - pest relaticnship in plant antibictic resistance. is highly
complex and, toc this day, is still largely misunderstood., Frankel (1559}
suggests that all primary nutrients fer insects are found in all higher
plants, but the attractancy and repsllancy ares governsd by =labsrate
*secondary plant products’. These secondrv products are known as
allelochemicals, defined by Reese (1979} as being non nutritional chemicals
produced by one organism that effects the growth, health. hzhaviour, eor
population biclogy of members of other species.

Because of the multiplicity in chemical ecolegy and the diversity in the
biological systems in the tropics where cotton evolved, it became a plant
with many of these sa2condrv products. It has a greater arrav c¢f allelo
chemical elements than any other plant group in the temperate zone. But
typical of most meodern agrencmic plants, selective bkreeding has led to a
narrover genetic base., Selection pressure bias for higher yields has been
at the expense of the plants defencive mechanisms rendsring the plant mere
susceptable to its insect pests.

Several groups cof chemicals have hesen isclated and identified as having an
antibiotic or deterrant effect on the major Lepidopteran pests of the
cotton plant. Gossypols {(and other terpene aldehvdes}, ¢yclevropenoid
fatty acids, polymeric condensed tannins (and other flaveonoids) are all
recegnised secondry products of the cotton plant with the gossypols and
condensed tannins considered most imporrtant.

Both have been found to cause an inhibitien in growth rate and even
mortality of the larvae through either an antibiotic or feeding deterrant
action. Gossypols are stered in black pigment glands thar are present in
large numbers on the roots, stems, leaves and fruit of most catton plants
and are knewn to involve both agztions but thz effect of tarnins is less
clear. C{ondensed tannins are a water based compaund cccurring systemically
throughout the plant and have been ncted te causs a reduction in growth
gains in young larvae when introduced via an artificial diet media in the
lakoratory. This seems to be due te a reductien in food intaks and net te
internal food conversion efficacy suggesting a deterrant acticon. VWhether
this action is actively excressed in the field is still vague.



4 great deal of emphasis has bean placed on breading for antibiotic
resistance to Heligoverpa spp. beth here and in the U.S.A.. During 1972 -
79, Mungomery, Twine and Noble put a large research eifort inte develoring
resistant cultivars. Thev were relatively unsuccessiul in develeping a
resistant cultivar with suitable agronomic characteristics. The suggested
reason for this failure inferred testing cultivars was too time consuming
restricting the number of genotypes possibly tested to 300 per seasoan.
This small sample size reduced the chances of identifving a high yislding
Helicoverpa spp. resistant recombinant.

To develeop a more eificient resting technigue. a numbker of cld and new
‘antibiotie resistance' measuring technigues were trialled using both
commercial and test cetten cultivars, These included larval ticassavs, a
mite trial and chemical assays. The chemical analyses for gossypels and
condensed tannins was to determine the imporrtance of either to antibicsis
resistance and, if so, whethar this assaying could be used successfully as
a mass scraening teol. The accuraev of these technigues was tesred by
correlating their results with resultant larval weight gains frem a
traditional '8 dav fzeding on sguares using 2nd instar larvae' hiocassav as
a standard. Their ability to satisiy the required criterias for mass
screening ware also tested.

Condensed tannins were analysed using a standard butancl/HCl extractien
{Land and Schuster, 1981) while gossypcls were analysed using a
spectrophotometric methed with analine {R.M.Nchle, 1980} technique. All
results were expressed as a percentage of chemical per drv matter.

A1l chemical analyses were periormed hy R. M. MNeble {Senior Chemisrt,
Agricultural Chemistry Branch).

Field trials were carried out to demonstrate the importance of antibissis
resistance in the field.

LARVAL BIOASSAYS

Biological assavs have traditicnallv been censidered the mest effective wayv
of measuring active relationships batween twe organisms. Assays that allow
all mechanisms of the relationship to be exprzsssd rhen measursd by
observing responses are considerad best to measure onz as complex and
unchartered as the interacticn ceotten has with its majeor insect pests,
Helicoverpa spp.. An B day larval biocassay is ons such assay traditionally
adepted. Heowaver, when develering a mass scresning pregramme, this
technique is laborious and energy inefficient. 32 more suitakls technique
satisiving the necessary criteria for a successiul mass screening technigue
is required.

Mathods and Materials:

During the 1985/86 season, various larval weight gain bicassavs were
trialled for workability. Heliothis larvae were initially fed on cotton
plant terminals and weight gains measured. Preoblems cceurred with necnarts
larvae being lost or drowning in the water provided to keep the terminals
fresh. Consequently squares were trialled and found to be verv suirtable
for assaying larval weight gains.

The following seaseon, '10 dav’ and '24 hour' larval bioassavs ware carried
out on both leaves and squares. Leaves were being studied as an
altarnative focd source te squares as thev ars sasier te harvest and the
larvae easier to retrieve vhen changing dist and weighing. Results
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indicated a differing in response by Helicoverpa spp. te the two different
fecod sourcas. Further cellecting of data was necassary.

The 1987/828 season was used to develop the bicassays further and to
collect data. In all, 8 different larval bicassavs were trialled including
the '8 day feeding on sqguaras' used as a traditional standard. The trials
differed in length of feeding time, larval stage and plant material used
(Appendix 1). Within each of the trials, larvas used were reared from
laboratory collected Helicoverpa armigera ezgs (Bob Teakle, Brisbane} and
raised on an artificial diet until reaching a reguired level of
develecpment. The larvae, selected at a particeular instar and within a
specific weight range to restrict variability {2nd instar / 4-1Cmg, 3rd
instar / 20-E0mg, final instar / 1:0-200mg), were then placed cn to cotteon
plant material in individual 50 ml pomade jars. The cultivars were
arranged in a tri replicated randemized bloeck design with 12 samples of
each cultivar per rerlicate. The jars were then placed in a constant
temperature cabinet at 27 degress centigrade for the duraticn of the
technique. Artificial light was set at 12:12 N/D.

Yith the 48 and 24 heur technigues, the grubs were reweighed after the
specific period and recorded. ¥ith the & dav assavys, firesh plant material
was introduced and jars cleanad cut everv twe davs with weight gain
measurements taken at day & and day 8. Fresh Ioncd every 48 hours vas
important to maintain representative levels of alielechemicals.

A1l plant material used was field grown but unsxpossd te any pesticide
treatment. Sguares used wera at the stage of develspement whare -
approximately 1/3 ¢f the square bud was sxposed patal. Leaves selected
were the first fully openad at the fterminal.

The seven cultivars trialled were selected for their similarity in
merphlogical characteristics burt diversirty in lavels of allelochemicals.

Tha following and final season was used to revpeat the main bicassays ('8
day feeding on squaresg using final instar larvae, and the '48 hour fesding
on squares using final instar larvae') and to trial a new trechnidus using
glasshouse seedlings. If seedlings could be used in the larval bicassav, a
much more time efficient technique would result without waiting feor the
cetten plants te mature bheiore assaving.

Cotton seedlings were reared in a fertilized soil mix within pelystyrens
crates in the glasshouse. The seedlings were harvesred frem above the
cotyledons so the first 3.5 to 4 true leaves, and the terminal, weare
biocassayed.

Trial conditions were identical to the previcus seascn except for the '8
day’' technique which, dus to unifortunate circumstances, was run at 24-25
degrees ocentigrade {(i.s. 2-3 degress centigrade e¢ncler than the previecus
year).

Weight gains, threcugh all seascns, were measursd and exrrassad as
'parcentage weight gains'{initial weight/final weight*100) and wers tresated
as expressions of resistance. All data was sublect te analysis of
varianca. Correlations and lirsal relatvionships were obsarved with the
standard 8§ day larval bicassay.

Chemical analysas for berh ¢ondensed tannins and gossypels were periormed
similtaneously with the sguare and seedling bioassays. Resplicated sampling
ni squares, Ircm unsprayed fieid grown cotten. was carried cut with che
fresh food sampling for the 8 dav larval bioassays. The squares were of
similar size and maturitv as of those usad in the larval bicassavs. The

49
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bracks were removed and the square buds freezed dried befare the were
gubjected to the analvses. These c¢hemical analyses were carried cut
through both larval biocassay seasons with 7 cultivars being tested in the
first seascn and 11 cultivars in the secend.

During the Larval Bioassays, larvas were expased to the fresh foad diet for
a maximum pericd cof 48 heurs. Te be certain the fresh foed was maintaining
naturally representative levels of both gossypels and condsnsed tannins,
squares were analysed at the beginning and end ef fthis 48 hour perics.
Replicated samples were taken from the field. Four cultivars {(CsS8310,
Deltapine 90, $icala, HT35-14~3) were analvsed for tannin and gossvrpols,
scme immediately after picking and others 48 hours latter after being kept
in the same environment as the larval hioassays.

Results:

Results of all the larval bicassays from the 1987/88 seascn and thsir
comparisons with the 'standard technigue' (8 day feeding on squares using
2nd instar larvae) are shown in Table 2{a). During this season thers wesre
significant variations in larval weight gains recorded from feeding on the
7 cultivars. With the 'Standard’ techniguzs an experimental line HT35-14-
3 significantly produced the least weight gains, demonstrating greatesc
raesistance, while a glandless variety Deltapine 16gl vroduced the largest
weight gains. All biocassays correlated significantely with the ‘Standard:
with the '48 hcur feeding on squares using final instar larvae' assav
correlating best {r=0.97%*}_. BAll the technigues were more energy eificient
than the standard reguiring less time and man hours to run {Figurs 7}.

The bicassays using leaves as food source were more time efficient than the
sguares 2s sampling c¢ould begin kefere teak sguaring and handling of grukbs
easier. However, thzs larval weight gains resulting from the leaves
demonstrated significantlv differant results. in scme cultivars. to the
sguaras {Figurs 1). C€S58310 proved more resistant in the leaves than ths
squares while $Sicala was significantly more resistant than Deltapine 90 in
the leaves than sguares. Because squares are more the natural diet of ths
Helicoverpa sprp. larvae, using leavas as a measurs of antibiosis resistance
to Helicoverpa spp. maYy not be as accurate as using sguares.

Results of the accempanying gessvpol and condensed tannin analvses, and
their correlations with the 'Standard’, are shown in Table 2{b}. Of thz
cultivars trialled, HT35-14-32 had the highest geszsvpel content {1.07%}
vwhile Deltapins 1l6gl (glandless} undarstandakly had the lowest {(0.04%).
When correlatad with the 'standard’, a highly significant negative
correlation (r=-0.91**) resulted suggesting these gossypcls play a verv
important rcle in the anribiosis precess. The higher the gessvoal percent
content of the plaat the smaller the larval weight gained or the mors
resistant the plants were. The gessypel analvses themselves were faster
than the larval biocassay but much more expensive te operate. Howsver, a
ratinement of analysis egquirpment and procesdure would impreve the
efficiency of this technique.

Condensed tannin content of the squares varied frem 11.1% (HT35-14-3} and
10.5% {Deltapine 16gl) down to 7.8% (Sicala) and 7.4% (D=zltapine 90). An
insignificant correlatien (r=0.13} occurrad when these results ware
compared with the ‘Standard‘'. Deltapine 15{gl), a cultivar lew in gossypecl
but high in ccndensed tannin centent demenstrated least resistance
suggesting condensed tannins aren't impertant in antibiosis resistance to
Helicoverpa armigera.
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The following seasons data, from 11 different cultivars, significantly
supported the above finding¢ in both the larval and chemical assavs
(Figures 2 and 3). Results of the 1988/89 larval and chemical assays are
shown in Table 2{c). Because the '8 dav’ larval bicassav was run at a 3
degree centigrade lower temperature, larval percent weight gains were
significantly down on the previous seascns. Gossvpol and condensed tannin
content of plant materials were significantlv lower this ssason with
gossyrel levels ranging from a high of 0.81% (HG P-9-13) tc 0.05%
{Deltapine 15¢1) and tannins from a high of 7.6% (Deltapine 16gl} te 5.5%
{Siokra) supporting previcus findings that these chemical concencrations
in the plants can fluctuate from season to season. However these levels
ware still consistant ketween the relative culitivars. Again the gessveel
levels correlated highly significanctly with the 'Standard' while the
cendensed tannin levels did net.

The '48 hour feeding using final instar larvaz' bisassav, using glasshouse
grown seedlings, produced variable results. Results in Table 2{c} show an
insignificant correlatien with the 'Standard' suggesting cetton seadlings
would be unguitable for measuring the trus antbiotic capabilities of ths
mature planct. Gossypel levels in the s22dlings were much lewer than in the
squares and were difficult to mzasure with the analvsis technique adopted.
There was as slight correlatien {(r=0.5T7x} betwsen the gessvepel levels in
the squares and seedlings suggesting levels art the seedling stags mav be
indicative of these in the mature plant.

Resultant analyses of chemical levels in the squares throughout the
duration of the 48 heur feeding pericd are shown in Table 6. The gossvrel
levels didn't vary as there was no significant differense batwesn levels at
the beginning and those after the 43 hcurs. Condensed tannin lavels,
however, significantly increased in 3 of the 4 cultivars triallsd afrer 48
hours. These results assured there were minimal representanive levels cf
these ¢hemicals throughout the time the larvae wers exposad te the fresh
plant diers.

FIELD TRIAL

To demonstrate the importance ¢f antibiosis resistanca in the fisld. we ran
a field trial using percent vield losses under varying levels of
Helicoverpa spp. pressure as an axpression of total resistance. RI11
resistance machanisms, antibicsis, tollerance and morphelogical
characteristics were allewed te act and vield leosses were thsan correlated
with thes 'Standard' larval bicassay (mzasure eof antibiosis resistance) to
get an expression of antibicsis resistance in the field.

Methods and Materials:

This programme was design=zd tc measurs the lint viz=ld potential of
different cotten cultivars under d4iffsrent levels of insect pressure,
These levels of insest pressure wars achieved by adepting varying spray
regimes to naturally occuring Heliceoverpa spr. populaticns. Each season,
one trial, which was fully spraved rc allew the full lint yield potenrial
of each cultivar to be expressed, would be accompanisd by another trial
subjected to reduced or maximum insect pressure. Lint vields would ke
recorded and percent lint yield lesses calcularad.

The first two seascns of field rtrialling {1985/86 and 1986/37) wers vlagued
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with problems and were very much a learning prccess for adapting this
trialling tachnigque te cur envirecnment. During the first seasen, none of
the cultivars demonstrated anv significant rssistanca with vield leosses
ranging from S0 to 89 percent. Thers was ne significant differences
between the cultivars. It appeared that under excessive insect pressure,
natural resistance mechanisms wers overpcwered. To rrevent fthis cccourring
the following season, inse¢t pressure was modaerated by intreducing a ‘semi-
spray’ sprav regime. However, uniavourabls growing ceonditiens led to

poor plant stands and poor drainage in some parts of the trial resulted in
patchy nitregen stressing rendering results unreliakle. There was however
a better seperation eof lint vields between the cultivars this saason,
supporting the use of the ‘semi-sprav regima.

During the 198%/86 season, analyis for condensed tannins and geossypols ware
carried cut at thres stages of the plants develecpement {earlv, mid znd lats
squaring) to observe suspacted level changes throughout the season.

Sguares and terminals from twoe cultivars were tested.

In 1987/88, this trial was repeated. MNinetesen different cultivars,
censisting of beth test and commercial lines were grown in three differsnt
trial plots. To similate diffesrent levels of insect prassure per trial,
natural Heliccverpa spp. inisstaticns wersz tallored by aderting cthrae
different spray regimes:

1. Haximum syray ~ to similarte winimum Helicoverta pressurz te allaw the
cultivars to express their true yvield petential.

2. Semi-spray - to similate moderate Heliccverta pressure. Helicoverta
numbers wsre allowed to reach three times the SIRATAC recommsnded
level feor econemic injury kerfors contreclling strays ware applied.

3. Minimum spray - to similate maximum Helicoverpa pressure. Heo
Helicoverpa centrel spravse were applied.

The latter two sprayv regime trials were grown side by side in a sepsrate
paddock te the maximum sprav trial Tc minimiss chemical drift sffects.
These spray regimes ware intraduced after the vlants started sguaring.
Pricr te this, all trials were contrelled for all insect pests. Nermal
irrigation, weed and s¢il management practises were adopted. Each trial
was of 19 cultivars by 3 replications in a randemiszd bhlock design with a
standard (Deltapine 90} grewn in 4 plots per replicate. Each plot
consisted of 4 rows (2 guard and 2 data) by 18 meters in the two rsduced
Helicoverpa contrel trials and by 10 meters in the fully contrelled trial.
In each of the trials, insect infzstations wers menitored twice weekly angd
spray decisions based on SIRATAC reccommendations.

At the end of the season, ths trials were harvesrted bv an ‘eyperimenta
plot’ cotton picker and yields reacorded. Samples were ginned to give a
lint vield record and sent away to Geslong rfor guality analvsis te cobserve
fibre quality differences between the cultivars and to monitor anv guality
changes that mav cccur under the difrferent levels of inssct prassurs.

Yield measurements from the twe reduced contrel trials were compared to the
full contrel trial te give a measurs of percant vield less under varving
Helicoverpa pressurs. This percent vield loss was tresated as a measure of
overall resistance.

Both lint yields per cultivar and lint vield Icsses hetwesn The sprav
regimes were subject to analysis of variance

=
—

In the 1988/89 seascn, the trial was s¥panded te include 27 cultivars.
Unfortunately the *full control’ plotr was exposed to 2-4D harbicide drifc
from neighbouring paddeeks., This caused severs disruption te the nermal

4G
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growth pattern of the cotton plants lsading te some lines rreducing no
cotton at all. Only yield data from the ‘rsduced spray' plots was
recorded,.

Results and Discussion:

Chemical lesvels of sguares and terminals through the 1585785 sezascn are
shown in Table 7. This data confirms the variability of parcent condansed
tannin content of the plants threoughout the season. The lzvel of tannins
in the squares and particularly the terminals, increased markedly in late
squaring. The gessypol levels ware lass variable betwean cultivars and
sanpling dates. Gossypol content was higher in the sguares than the
terminals.

Results of ths 1987/88 season are as follews. Prior te the srray ragima.
all plots were spraved twice for thrips alone (Rogar @ 800 mis/hectars) and
once for thrip, Helicoverpa and tipwerm {Thicdan @ 2.1 1/h. Rcgor @
800mls/h). Through the trial, the 'full sprav' trial was spraved 2 times
for Heliceverpa while 3 sprays wers arplied for mederate contrel and 0
sprays on the minimal spray trial.

Resultant lint vields and lint yield losses are shown in Takle 3. Linrt
yield losses were substantial ranging from 79% (Stoneville 213} to 46% (HT
35-14-3) undsr mederate Heliccoverpa pressure and 93% (MM 833 g1) to 57%
{Tam 8-1) under maximum pressure. The glandless cultivars suffered greater
yield lesses then the glanded varieties. Scme of the high tannin lines
also performed poorly. -

Differences in guality measurements, shown in Tabla 5, (50% svan, 2.5%
span, Uniformity Ratio, strangth and Strength:Weight ratic} changed
signifirantly little ketwesn the different sprav regimes.

Results of the correlations with the °Standard' larval bioassay, are
demonstrated in Figure 4. There was a gignificant correlation with percant
yield loss under moderate Helicoverpa pressure suggesting antibiosis
resistance 18 keing expressed in the fi=ld under mederats pregsure.
However, there was no such correlation with vield loss under maximum inszct
pressure., 2Antibiecsis resistance sesems To Lbreak down altegsther under heavy

Belicoverpa spr. infestations.

MITE TRIAL

2 suitable technigus for rthe curpose of mass scrssning corton cultivars for
resistance to the twe spottzd mite {Tscranvehus urticae) was developed by
Schuster, Mazwell er. al.(1972}. TIf Heligeverra srp. werz found to resvend
to the same resistance machanisms as the mites, then this tschngue weuld be
very suitable te mass screan new cotten linzs for antibissis resistance to
Helicoverpa.

Ceondensed Tannin analyses cof conton tlant material was carrizd cut in
association with ths mite trials to observz any relationshir that may occur
between mite damage and condensed tannin centanr,

Methoads and Materials:

During the 198%5/36 sesason the mire 'mass scresning’ tachnigue was trialled
for the first time. Resultant mite damage to the 20 cultivars, after 33
days of exposure, was maderate with all the cultivars recerding a damage
rating between 3 and 4. Thare was very poor ssperation of the cultivars
with insignificant differences between the mite damage indexss. It was
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latter neoticed that the mites uszd in thig trial weren.t 7. urticaes kbut

T. ludini.

The fellewing season the trial was reveated, thig time with T. urticae.
Twenty cultivars wers assessed after 28 days of mite infestation. Again
{aithough inpreved on the previcus season) roor seperation of the cultivars
resulted, pessibly due to low numbers of mites initially introducsd to the
trial. Accompanving condensed tannin analvses of cotton vlant tarminals
within 5 cultivars demonstrated a highly significant cerrelation with the
"Mite Damage Index’. This relationship was rurther studied in the
following seasons.

During the 1987/88 season, two mite trials were perfcrmed. The follawing
methodology is the same as adoptad thes previous seasons. For each trial, a
colony of two spotted mites was nurrured and maintained con karlotti heans
until reguired.

¥ithin the first trial (beginning 15/10/87), 20 differant ccttoh cultivars
ware grown in peolystyrene trays (445mm x 285mm x 100mm desp} using a sand,
pe2ar moss, perlite mixture (2:1:1). Water was supplied bv trickle
irrigation and nutrients were vrovided by osmocete slow release fertilizer
tCe keep vhvsical disturkance of rthe ssedlings te a minimum.

One hundred and twenty seeds of each cultivar were planted per tray and ths
travs were arrangsed in a randemized kleck design replicated 4 times. Seeds
vere precoated with Thiram to prevent root rort.

FPive days after smmergence, the corton seadlings wers infsasted with the
mites by placing a single laver of infectad bean leaves {10 lzaves with
approximatelvy 2% adult mites per leaf! upside down on teo the cotton
seedlings. It was assumed an even distribution of mites over the whole
trial area weuld result.

The trial was run inside a glasshouse at temperaturss ranging from 30 te 28
degrees cantergrade.
After 17 days, leaf damage on sach seedling was visually acssessed and rated

using the following damage ratings:

1. no visible damage.

2. lighc fesding on true leaves evident in anv degrse in the form of
strippling, but no evident damage to the plant such as reduced leaf
growth or leaf curling.

3. feesding verv evident, leavas mestly silversd by feeding and individual
sripples occurred, leaf size reduced.

4. ragging and/or curling of leaves, sStunting ¢
evident, 70% of older leaf suriace showing 4
resulting from heavy fesding.

5. defoliaticn complete to terminal or death of terminal.

nts, dafoliaticon
ted condition

The Hite Damags Index {M.D.I.)} was calculated kv summing {the groducts of
injury score multipiied by the number of plants in each rating category)
and dividing bv rthe total numbsr of tlants sceorsd.

Baginning 28/4/88, this trial was repsated. Wite numbers werz lass
(appreximataly 15 adults par lsafl! causing the sesdlings to take leonger to
show clear measurable responsszs. Consequently the ssedlings were rated
atter 2% davs eof mite infestatien. A fifth rzplicate was incorporated and
kept mite free to be analvsed for cendensed tannins.

211 replicates were re-randemized svarv 7 days and the glasshcuss
temperature was set at betrween 30 to 3% degress centigrade.

Results were subject te analysis of variance and correlaticns with the



i}

10
'Standard’.

Te investigarte anv relaticnshiv between mitz perulaticn develcopemsnt and
condensed tannin content of seadlings. analvses for tannins was carried
cut cn a fifrth 'unmited' replicate. Levels ware measursd at twe srages of
the seedlings dasvelepment. Firstly at dav % afiter emmergence {when mirtes
were intreduced to the other 4 replicates) and at dav 25 (vwhen mite damags
was assessed. Leaves and stems Irom above the s52i1 were analysed.

In asscciaticn with this work. four of these cultivars wzre trialled in the
field to desmonstrate the szfisct of thesa gsnotvpes on dsvelepement of ths
mite populaticns in the field. Due te the lack of tweo srerntad mite
activity in the Biloela arsa, this work was carried at the CSIRO Cotton
Research Unit at Warrapri bv L.J.¥ilsen and L.H.Bauer.

The four genotypes trialled were CSE310, HT35—1£—3 Tam 8~1 and Deltaping
30. The exrerimental design was randomised comelete blocks design
replicated three times. §&ize of plots was llmltcd by seed quanticy, with
gach plet 3 rows wide by 20 meters. MNo insscticide was arpplied. MHite
populaticns were monitored by counting the number of femals mites on leaves
frem the third and sixrth neodss below the rplanrt terminal for 1% randemly
selectaed plants per plot. Because mits numbers were low, the axperimental
plots were artificially infectad from glascheouse rsared infectsd clants.
Infected lcaves were vlaced on to plants at about the sixth nodea.

Delrtapine 90 was used as a tast standard and where significant differences
in mite counts occurred, means ware compared with these of Daltapine $0
using Fishers protecred LSD at P=0.05 and P=0.01.

Results and Discussion:

The results of heth 1987/83 mits rrials and accomranving tannin analvsis
are shown in Tabkle 1.
The levels of suscsprahility to mites, in the 1937 =seascn. varizsd
considerably frem a mite damage index of 2.40 (HT 35-14-3) to 4.99
{Deltapine $0}. There was geocd sereration of thz ¢ulfivars with Deirarpine
90 showing significantly poorsr rssistance ts thz mites than somre of the
high tannin t2st linas.
The following seascn the mits damage index varied from .07 (HT 35-1id-3) t
.58 {beltapins 90). HNo cultivar demonstrated toral resistance to the
mites bur thers were scms cultivars that wzre eignificantly morz rasistant
then others.
When compared wirh the 'Standard' assav {(Figurs S{(b!}), rhere was an
insignificant correlation (r=0.05). While Deltarine 9¢ and Tam 8-1
demonstrated very little resistance against the mites. thev 4id show
resistance te the Helicoverpa larvas. Contry to this, Delrapine 15igl),
vhile showing moderate ressistance to ths mites, was lsast registant te the
larvaes. HT 35-14-3 was resistant to both. These findings were supported
in the fellewing seascon (Figurs 5{a)}). It sssms rhat mitas rsact
differently to the plants antibionsis mechanisms then de Heliceverpa
armigera making this technique unsuitable fzr measuring cotten elant
antibiosis resistance to Heliceverpa spp..
There was a highly significant ccorrelarien {(r=0.33%*} hztwean the data of
the twe seasons indicating the technigus itself is consistant,

(3

(o]

Condensed Tannin content of the sesdlings at dav 3 were difficu

It te
measure. Levels were low with verv little significant diffarsnce between
the cultivars. Tannin levels in the 2% day emmerged plants ware higher and
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while only appreximately half of the lzvels experienced in the fisid grown
squares, were relatively consistant with the sguares. This suggests
condensed tannin content of cotten sesdlings can bz indicative of relative
tannin levels in the mature plants.

%hen comparing condensed tannin levels with the H.D.I. {(Figure 6}, a
significant correlatien rasulred {r=0.60%)_. Thase tannins seem to be an
important antibictic agent against the two spetted mice. Generzlly the
higher the tannin contznt, thes lesser the mitg damage. There were,
however, a few excepticns. Stoneville 2i3(gl), Sicala, ¥NM338igi) and HG P~
9~13 demonstrated goad resistance the mites while pessessing low tannin
levels. Other factors sesm te be also imrportant reguiring further
investigation in this area.

Resuits of the field trial arz shewn in Takle 4. At 1 wesek post
infestation, €S8310 had significantly more mites at node 3 than Delctapins
90. fThis was probably due tec to chanee differences in infestation levels,
At 3 weeks post infesstation. €S$8310 had significantly fewer mices at the
5th node and in total than the Delraping 90 plets. At 4 weeks post
infestation. €88310 had significantly fewer mites than Delctapinz 90 and a
similar trend was emerging Ior HT35-14-3. Thersafrer all thres of the test
genotvpes had fewsr mitss than Daltapine 90. in descending order, Tam 8-1,
HT35-14-3, €S8310.

These results express a eimilar general pattern of r
spotted mitss between genotypes that the seedling sc
suggesting effects in the glasshouse using sesdlings
vhat is happening in the field.

sgistance to the twe
reening technigque 4id
can ba indicative of



SUMMARY

- The most suitable mass scresning technigue te measure antibicsi
resistance to Helicoverpa was a '48 hour faeding on squares using
instar larvae' biocassav. It correlated bkest with the standard and was mors
anergy eificient.

=
£1 -

- The widsly reverted findings cthat gessypels
antibictic resistance to Helicoverpa was support
significant negative correlation betwesn larval w
content of fresh plant material.

ars very impertant te
2d here with a highly
eig

ht gains and gossyrel

- Mo correlation between ccondensed tannin content of sguares and larval
weight gains daveloped suggesting condensed tannins aren't important te
antibiosis resisrtance teo Heliceverpa sep.

- The mits damage index failed to c¢orrelate with larval weight cgains
rendering this efficient mass scrzening technique unsuiratle for measuring
cetton plant antibiosis resistance to Helicovarpa spp.

- HMites in rhe field demonstratsed a similar resvcense betwzen genctvrpes
vas shown in the seedling screening technique suggesting the seedling
gcraaning technigue mav be useful in evaluaring the porential qtabllltv
nev genotypes for the developement of twe spotted mites.

o
tn

8]
[l

- Antibkictic resistance was excressed in the fis ld with a significant
correlation between percent yield less under moderats inssct pressurs and
larval weight gains.

- Significant differences werz ncted between larval weight cains an 1
of some cultivars and larval weight gains on sguares {eg. CS8310 was mo
resistant than Delctapine 16gl in the leaves rhan sguares and Sicala was
more rasistant than Deltapine %0 in the leavas than sguares.

cavyen
r

=

- & significant correlaticn between the ¥.D.I. and condensed rannin
contant of seedlings resulied suggesting condensed tannins are an important
antikictic agent against mites.



CONCLUSION

In these studies we found the cotren plants e¥isting antibiectiec resistanc
mechanisms to be important against Helicoverpz spp. To increass ths
guantity and guality c¢f these mechanism th_uugh 2 breeding prearamme wou
one could summise, only incrszasz th2 efficisncy of antikiertic resistans

hence the whole of H.P.R.

(M)

i_.l
L

o

owever, it 1s important to noete that gaining an understanding of
hvrochemical factors is futile without a knowledge of insect fasding
havicur. Although thess studies weren’'t carried cut hers. 1t has been
5

L.

3 'l'J :ﬂ

be
cbserved by Chan 2t al (1981} in Amsrica that vounc larvas of Hali
™

n

ic
over there have developsd. t2 an extent, behavicoural rasiesvanc
some of these plant allelochsmicals. First instar larvas wers reacoer
avoiding the oessypel glands while feading. At thers mest suscseia
direct exposurs to thase toxic chemicals wasn't svident hence morta
due te rhese glanded allelechemicals, was lcw. This aveidancs was n
recordad in older larvae but, Irom 2nd instar upvards, larvaz demonstrat
severly retarded weight gains largely due te gossyrels Thig lgads tg a
weakened larvas and an extended gsneration paried rﬁnderlng tham mors
susczprable to envirenmental factors and natural pradatcrs.

Gossypols aren't ths whele antibiosis resistangs story. The plant - pe
interaction is complex and thers are many facrters invelwed seo. 1Teo selis
fer geossypels alone by using the gossypol analysis as a mass screzning
teol, weuld prejudice against these other impertant antikictic facters.
Only a larval bioassay can do this and the most efficiant of thasz triailed
here was the '48 hour feeding on sguarzeg using final instar larvae'
bioassay (Figure 7). The practicallity of adopring such a technigus ints

current cofton brezeding practises is geood. In the nermal workings of a
cotton breeding programms, newlv developed cotton lines are vield tested in
the field and seleserted upon rthere parfermancs. 3 larval bicassav cculd bs

incorporated at this stage using sguares of the mature plants. The

antibictic potential of the plant could ke assessed aleng with the vield
potential. The selection of favourad lines could then invelws the
consideration ¢f beth measurzments culminating in a plant with greater
antibiotic capabilities and gooed vielding rotential.

Antikiosis isn't a vanecia te the inseger problsme of the cotten indusctry.

L more practical aim is to develope a plant that is lass susceprakle tc its
insescty pests devending lees on chamicals fer trotsctien. To reduce the
seasonal sprays bv Z or 3 would bs of significant economic and
environmental benifit. Develeping ancibicsis resistance in the cotren
plant can ¢nly enhance the efficacy of ‘hest plant r951stanﬂ“' and, aiong

wyith other hiclegical geonrrel agents such mass relesasing of rarasitic and
microbial enemiss of Helicoverpa spp., could lead to an industry far less
dependant cn chemical preotsction.
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fable = ysultant data and correlations of the mite and tannin

assays.
Cultivar Hite Damage Index Tannin %
1987 1958 sd] (Zhdays)

Deltapine 90 4.5%0 a¢ 4,580 a 2.37 de
BT 35-5-6-13 4.404 b 3.40b 3.43 abrd
Tan 8-1 4.286 bc 3.473 b 2.93 bede
Siokra 3.950 ¢d 3.695 b 3.00 bcde
Deltapine 16(gi) 3.784 de 4,148 a 2.97 bede
HG DD SN-3 3.540 of 2.882 ¢ 3.37 abed
BT 3 31.312 fg 2.739 cd 3.97 ab
8icala 3.304 1g 2.5%55 ¢ 2.40 de
Stoneville 213(ql) 3.088 ¢ 3.24 be 213 e
CS 8316 3.038 g 2.808 cd 3.63 abc
HG P-9-13 3.019 g 2.845 cd 2.83 cde
WY 838(ql} 2.950 ¢ 2.845 cd 2.7 cde
cs 8310 2.420 h 2.394 de 4.27 a
HT 35-14-3 2.401 h 2.071 e 4.07 ab
'r values 0.55% 1.00 -0.60%

1 8.D. 0.278 0.337 0.660

(gl) glandiess.

sdl  glasshouse reared seedlings.

< means in the same coluon followed by a common letter den’t differ
significantly (P<0.05).

correlations with the 1988 Mite Trial.

significant at a 5% level

¥  gignificant at a 1% level

» =

Table 2(a). The 1986/87 results af all the larval hioassays trialled and correlaticns mith the
“Standard’. :

Cultivars H8D%sq fRie  =243sq =2dhile ~d8Hywsq  "48H3le @48H33sy @48HE3le ~48Hsd]

Deltapine 161 51394 ac 52253 a 183 ab 162 a 195 a 25 a 421 a 500 a 204 g

£s 8310 45844 2 21029 bc 160 a 134 b 190 a 188 bc- 406ab 312h 198 a
Sicala 3/3T b 16315 cd 4icd 12Zcd 114D 0c 3Mobc 242c 182D
(s 8316 307 b 24323b 144 bed 130bc 173D W3Ibe 364ab Bc W2a
Deltapine 90 31868 b  24366b 135de 137b 170D 204b 380ab 315b 204a
fan 8-1 28217bc  11771d 7b 127b 1B D 1M8c 3Mab 2600c 208a

Hr35-14-3 18167 ¢ 1719854 127e 1144 162 b HMed 283c 184d 201a

"r valtes 1.00 0.79*  0.86*  0.86*  0.97  0.83%* 0.9 0.8 0.23
8.D. 20981.1 12130.5 23.77 24.03  28.15 45.66 13272 100.56 24.85




fable z  Results of the 1987/88 larval and chenical assays 147
and their correlations with the “Standard’.

CULTIVAR +8D% sq ~Tan% sq “Bost sq
Deltapine 16 {gl}  51393.5 a¢ 10.5 a 0.04 a

s 8310 45843.6 a 10.2 a 0.53b

Sicala 32536.8 b 7.8 he 0.95 cd
Cs 8316 330NM.26 9.14d 0.91 cd
Deltapine S0 31868.2 b 7.4% 0.98 ¢

Tam 8-1 282171 he 8.8 cd 0.89 d

HT 35-14-3 18166.7 ¢ 11.1a 1.07 e

"r values 1.00 0.13 -0.97**
5.D. 20981.1

Table 2(c). Results of the 1989 larval and chemical assays and their correlations

} with the standard.

CULTIVAR Hi8D% sq ~48H% sq ~48H% sdl  "Gos% sg “Gos% sdl  “Tan% sq
Deltapine 16(gl) 24944.8 a< 211.9 a 205.0 b  0.05¢ 0.01e 7.60 ab
£s 8310 25097.3 a 205.3 ab 198.6ab 0.3 f 0.13 cd 7.40 be
Deltapine 16 22995.7 a 207.7 ab 2045ab  0.35 ef 0.16 abc  7.00 bed
$iokra 17719.7 b 178.2e 2083 a 0.53 cd 0.10d 550 g
s 8316 16986.9 b 191.2 cd 203,2ab  0.57 bed 0.1 bed  6.76 bed
Tam 8-1 15709.4 be 187.0 cde  209.8 a 0.59 bc 0.20 ab 6.43 def
Sicot 3 16040.1 bcd 1873 cde  208.1 a 0.3%e 0.18 abc  6.60 cde
Deltapine 90 14868.3 bed  197.4 be 206.2ab  0.63b 0.22 a 5.83 efg
Sicala 12709.7 cde  184.9cde 1R2.3 ¢ 0.57 bed 0.15 bed  5.66 fg
HT 35-14-3 11467.3 de 779.5 de 201.2ab 0.494d 0.7 abc  8.40 2
HG P-9-13 9623.1 e 186.9 £ 1845k 0.81a 0.16 abc  5.80 efg
"r values 1.00 0.54% 0.42 -0.84%* -0.57 0.37
5.D. 7606.13 21.50 24.65 0.3 0.035 0.52%

geans in the same column not follomed by a comzon letter differ significantely (P<0.05)
"Standard* technigque

correlations nith the “Standard'

8 day percent weight gain using 2nd instar larvae

48 hour percent weight gain wsing finaj instar larvae
48 hour percent weight gain using 3rd instar larvae
24 hour percent meight gain using final instar larvae
Gossypol and Condersed Tannin % dry matter

58l - glasshouse reared seedlings (“30 days}.

sq - squares from field grown cotton.

¥ significant at a 5% level.

¥* gignificant at a 1% level.

FRRTI ) DT I 4



fable 3.  sultant lint yield losses in the field under moderate and heavy \ ’5@
insect pressure.

Cultivars Yield (kg/ha)

Fulisp  Semisp %loss Hinsp. %loss
WHBW (gl) . . . . 181765 4TR.68 T3 126.17 93
Stoneville 213 (gl) . . 1960.65 41562 79 217.69 89
Deltapine 16 (gl). . . 1876.65 TILTe 5 2i8.65 &
H 3-14-3*EGL (g1) . . 1829.30 4451 74 253.02 85
BT 35-5-6-13 . . . . 1269.34 496.48 &1 250,74 80
Sicala . . . . . 2103.70 919,87 H4 116.23 79
HT 3 e e . . . P05 443.82 66 28053 W
12443 . . . BH.YT H33T 68 .6 78
HG DD SN-3 . . . . 1BL.Y  616.87 &5 3%.07 T
Dejtapine %0 . . . . 2142.42 916.80 57 17989 T
ER-1 . . . . . 135951 669.30 51 320.72
TH-LEBOCDS-3-81 . . . 1669.24 6%5.03 59 44.00 T
es83t6 . . . . . 106438 335.10 o7 0045 TN
PBSOS . . . . . 183954 73382 40 550,00 7
HT 35-143 . . . . 1084.07 5712 46 338.03 68
JGP-9-13 . . . . 16/.91 79%.02 53  544.84 67
cs83t0 . . . . . 1309.38 470,45 65 520.69 62
Siokra . . . . . 2267.08 918.98 60 908.18 60
™81 . . . . . 1093.47 46635 55 170.20 55
S.D. 126.92  150.74 8.94 2. 5.07
L.8.D. (5%} 210018 248.39 1470 119.%¢ 8.34
Fullsp - lint yields under minimum Helicthis spp. pressure (7 sprays).
Semisp -~ " " " moderate " " S VR
Mimsp - " " ¥ paximum " v L {1 B

¢ means in the same column not followed by a commor letter differ significantly {P<C.05).

Table 4. Mean number of adult T.urticae per leaf for leaves from both
the 3rd and 6th node below the piant termimal.

Cultivar Date Season Total
172 2 272 22 113

cs 8310 241 258 6.0 10.82* 18.33= 40.16%*

57 35-14-3 2.49 3.3 12,61 20.74 20.82% 61.071%

Tam 8- 2.29 118 9.12 23.17 .64 T1.00*

Deltapine 90  7.46  3.37 11.40 24.18 50.09 90.50

¥ significant at a 5% level
¥ cignificant at a 1% level



Table monstration of Significent Differences betmeen the three Field Trial
treatments {fuli-spray, semi-spray, minimum-spray) within the five fibre
quality measurements.

Cultivars 50% span{cm}  2.5% span{cm) U.R. Strength (gm) Strength/kt.
f-s f-0 s-n fsinsn fsfasn fsfasn fsfansn

M 838 (gi)
$'ville 213 (gl)
Deltapine 16(GL)
M 35-14-3%EGL{gl) - -
HT 35-5-6-13 - - " o - - - o
Siczla - - - - e = e e e m e
0T 3 - - - - - - - - - - = -
L*571*1124-4-3
HG DD SK-3
Deltapine 90 - - - - -

HHR-] - - = - - . x  _
T¥-LEBOCDS-3-81
s 8316

DP 695 - = - - = - - -
y HT 35-14-3
" HE P-9-13
ts 8310 - - - - - - - - - < . 9= - -
Siokra - - - - - - - - - - - - x
Tan &1 - - - - - - - = = - - - xo- -

it
E N N |
1 0 ¢
i 11
[ I N |
| I T |
= 1
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1 1
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I 1
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1
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1

E

I
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t

ﬁ 1

1
1
1
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! 1

1
1
1
1
1
1
i
1
1
]
1
i
1
1
1

¥ gignificant at a 5% level

¥ gimificant at a 1% level

f-s comparison between full-spray and semi-spray
f-n " " full-spray and minimum-spray
sn" " semi-spray and minimum-spray
U.R. Uniformity Ratio.

Table 6. Levels of Condensed Tannins and Gossypols in squares over a 48 hour period after

being picked.
Time HT 35-14-3 58310 Sicala Deltapine %0
Tank  Gosy Tant  Gos} Tan}  (Gos} Tant  Gost

0 hours 8.40 a< 0,50 a T.40a2 0.30a £67a 057z .83 a 0.63a

48 hours  10.53 b 0.5 a 9.37h 0.3 a 8.63b 0.59a 6.17a 0.59

=]

< peans in the same column not followed by a common ietter differ significantly {P<0.05).



Table . . Condensed Tamnin content {percent dry matter) of Squares
and Terminals throughout the season.

fultivar Sampling Stages
Early squaring Hid squaring Late squaring

Sguares

peltapine 90 7.3 7.47 10.00

KT 35-14-3 10.57 10.88 13.05
ferminals

Deltapine 50 B.03 8.79 16.35

HT 35-14-3 10.43 12.7 21.02

Table 7 (b). Gossypol content {percent dry matter) of Squares and
Terminals throughout the season.

Cultivar Sampling Stages
farly squaring ¥id squaring Late squaring
Squares
Deltapine 50 0.9 0.9 0.99
HT 35-14-3 0.9 1.01 0.98

Teroinals
Deltapine 90 .58 0.44 0.49
HT 35-14-3 0.7 0.61 0.62




Rprpendi , List of all larval bioassays trialled. \ %5

+3B day feeding on squares using 2nd instar larvae

§day " " leayes " " " "
24 bour " " squares " fimal " "
24 hour " " leaves " " " "
¥48 hour " " squares " 7 " "
48 huur 4] "n leaues n n [ L] "
48 hour ™ " sguares " 3rd "
48 hour " " Jeayes " " " n
48 bour " " seodlings " fimal " "

+ @ traditional antibiosis resistance measuring
technique used bere as the 'Standard’.
* techniques repeated for 2nd set of data.
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Flgure 1. ‘orrelatlons and Lineal Regqreasions of all Larval
_ioassays trialled with the "Standard* in 1388 using
both squares (a) and leaves {b}.
(%) significant at 5% level
{**) gignificant at 1% level
(a) : (b)
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FlIqure J. . CDLEIELAALLIONS QI LAITGL Aogsueeetime —a —=w—; 5 ——
: percent content of Squares with the 'Standardg’
Larval Biloassay in 1989 {(a) and 1988 {b}.
{**) aigniflicant at 1% level

fa) .
247

194

8 doy % wt. gain — sq (x1000)
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Figure 3. Correlations and Lineal Regressions of Condensed
Tannin percent content of Sguares used in the
'Srapdard® Larval Bloassays in both 1585 (a) and

1988 (b).
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Fiqure 4.

Figure 5,

{a)

(b}

Minimum spray % yield loss

Mite Domoge index

Mite Domage Index

Semi~spray % yield lass

Correlations and Lineal Regressions of Percent

Lint Yield Losses in the Field, under different
levels of insect pressure, with the *Standard*,
(*) significant at 5% level
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Figure 6, Correlations and Lineal Regressicns of Condensed

Tannin percent of Seedllngs with the Mite Damage

Index. '

{*) significant at 5% level
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Figure 7, Graphic Summation of the Accuracy and Bnergy Efficlency
of all techniques trialled ccopared with the
*Standard*,
{*} significant at 5% level
(**) significant at 1% level
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~Techniques Trlalled

1. & day feeding on squares using 2nd instar larvee
2. 8 day - " leaves h " "
3. 24 hour " " squares “ final ™ "
4. 24 hour " "  leaves " * " "
5. 4B hour " " squares " 3ard " "
&. 48 hour " " leaves " " " "
7. 48 hour * " squares final " "
8. 48 hour " " leaves ." b " "
$. 48 hour * " seedlings * » " "

10. Lint yleld lcsses under moderate insect pressure
1l. Lint yleid lessea upder maximum insect pressure
12, Gossypol X dry matter smquares

13. Gossypol % dry matter of seedlings

14. Tannin % dry matter of squares .

15, Mite Damage Index on glasshouse seedllngs




