
Environment Environnement 
Canada Canada 

Forestry 
Service 

Service 
des ForAts 

AERIAL FIELD TRIALS WITH A NEW 
FORMULATION OF BACILLUS THURINGIENSIS 
AGAINST THE SPRUCE BUDWORM, 
CHORISTONEURA FUMIFERANA (CLEM.) 

by O.N. Morris, 

J.A. Armstrong and 

M.J. Hildebrand 

LiSrary 
Cinjcia 

i C!blio:;.rr,ue de la region 
dc i' Ailaniique 

Environnement Canada 

CHEMICAL CONTROL RESEARCH INSTITUTE 
OTTAWA, ONTARIO 

1CC-X-144 

SB 
764 
C3 
C44 
no. 
144 

MAY 1977 



C 3 

AERIAL FIELD TRIALS WITH A NEW FORMDIATIQN OP BACILLUS THURimiENSIS 
ACaiNST THE SPRtJCE BUEWDRM, CHORISTONEURA FVMIFERANA (ŒEM.) 

by 

0. N. Morris, J . A. Armstrong and M. J . Hildebrand 

Chemical Control Research I n s t i t u t e 

O t t am, Ontario 

Report OC-X-144 

May, 1976 



(i) 

Mixtures of Dipel 36B, a h i ^ y concentrated ccninercial 

fonnulat icn of Baaillus thuHngienais (B . t .) and acephate (Cir then^ 

(0,S-<iijrethylpho^horaiiiLdotMoate), an organopho^hate i n s e c t i c i d e , 

were applied a i r c r a f t onto 20 t o 30-hectare blocks of y h i t e spruce 

Pioea gtauaamxsnch) and balsam f i r (Abies balsamea (L.)) t r e e s i n f e s t ed 

vdth ^ r u c e budsf<om, Choristonem-a fvmifevana (Clem). The formulation 

contained carboxymetl^lcelliilose (OC), polyvinylpirnx)lidQne (PVP) and 
a s u n l i ^ t screen, Uvinul DS49. Dosage r a t e appl ied was 30 B i l l i m 

In te rna t iona l Uhits of B . t . with and without 42 g M of acephate i n 

9.4 Ji/hectare. Drop dens i ty was general ly high with one p l o t receiving 

88 drops/cm2 a t ground l eve l , m ^ i t e of t h i s , e f f i c a c y of the t r ^ t -

ments in terms of populat ion reduction and fo l i age pro tec t ion was low, 

due most l i k e l y t o the presence of PVP in t he f o n m l a t i o n and t o tin-

usua l ly high na tu ra l budworm mor t a l i t y . The treatments had no imtiediate 

de le te r ious e f f e c t on the ^ r u c e tudworm p a r a s i t e conplex. 



INTROnrJCTION 

The choice of a formulation in the p rac t i ca l applicat ion 

of microbial insec t ic ides may be of c r i t i c a l itiportance t o i t s 

e f f i c acy . In a e r i a l applicat ion of such insec t i c ides , the nost 

iirportant formulation cha rac te r i s t i c s are : 1. Suitable v iscos i ty 

or f lowabi l i ty in order t o f a c i l i t a t e émission of the fltaids t h r o u ^ 

a i r c r a f t nozzle systems; 2. A humectant designed t o reduce evaporation 

during v e r t i c a l descent of the spray droplets ; 3. A n t i d r i f t addi t ives 

t o reduce l a t e r a l movetrent of d r œ l e t s ; 4. licfuid suspendors t o 

maintain the pa r t i cu la t e mater ials in suspension during spray 

appl icat ion; 5. S u n l i ^ t protectants t o decelerate so la r u l t r a -

v io l e t inact ivat ion of the microorganisms; 6. Spray s t i cke r s and 

spreaders t o iitprove spread and adhesion of the pathogens onto the 

t a rge t surface and 7. Other chemicals vjhxch m i ^ t enhance the tojcicity 

of the disease agents. 

During the pas t 10 years or so considerable iraprovernents have 

been achieved by comtercial manufacturers of Baaillus thuHngiensis 

but the present ly avai lable commercial formulations fo r fo res t ry use 

s t i l l lack many of these desireable cha rac t e r i s t i c s . This report 

presents the r e s u l t s of experiments designed t o fu r the r irtprove 

B. thuringienaia formulations fo r ae r i a l applicat ions against fo re s t 

insec t pes t s . 
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m T E R I M S AT® METOCry^ 

Tte fonmiLations used in the present t e s t s are o i t l ined 

in Table 1. Dipel 36B i s a h i ^ iDotesncy f o m u l a t i m of B. thvopingiensis 

manufactxjred by ai±)ott Laboratories (North Chicago, I l l i n o i s ) containing 

36 Bi l l ion Internat ional i M t s of b iological a c t i v i t y per U.S. gallon. 

Sodiura carbcKynethylcellulose (Chemical Develcpnents of Canada L td . , 

Ifontreal) (CP«:-R295) i s a water soli±)le celliiLoFie e ther used in the 

food indiistry tjartiCTolarly for i t s unique f i lm formino, suspending, 

s t ab i l i z i ng , emilsif ' / ing, thickening and adhesive proper t ies . OC 

i s irost eas i ly dissolved in water a f t e r wetting m t h ethanol and i s 

non-toxic t o aniinals. The Erio Acid Red XB t r ace r dye i s ca rpa t ib le 

with B. thuHngiensis a t up t o 1% concentraticai i n bac t e r i a l grartJi 

cu l tu re . Uvinul Di349 (Chemical Developments of Canada Ltd.) i s used 

coxntercially as a sunlight u l t r a - v i o l e t absorber in water base pa in t s , 

cosmetics and t e x t i l e s t o pro tec t against loss of dimensional s t a b i l i t y , 

fading of colors and skin damage. I t esdiibits lav ora l t ox i c i t y and 

no i r r i t a t i o n t o skin and eye. Polyvinylpyrrolidone (PVP-K30) i s a 

water solT±>le polymer characterized by i t s musual complexing and 

co l lo ida l proper t ies and i t s physiological iner tness . As a protect ive 

col loid i t i s used in drugs, detergent formulations, and cosmetic 

preparations and was widely ased as a blood plasma extender during 

World War I I . PVP films becorre tacky a t 70% RH and a t 50% Rfî they 

contain 18% moisture, a property wMch suggests i t s u t i l i t y fo r a e r i a l 

applicat ion in lew humidit^/ conditions. Oral and acute t o x i c i t i e s 

and eye and skin i rr i ta td.an f c r animals are low. Perhaps one disadvantage 

for micrc^ial formulations i s t h a t i t fonts complexes with many toxins . 
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viruses , drugs, and toxic chemicals t t o e b y reducing t h e i r t ox ic i ty and 

i r r i t a t i o n . 

Chevron ^ r a y s t i cker (Chevron (Canada) Ltd. , ttontreal) was 

added t o the formulation fo r iitproving s t icking of the ^ r ^ drople ts 

t o vMte spruce {Pioea glauaa (ffoench) and balsam f i r {Abies balsamea 

(D) needles. Aoephate (Qrthene^ (0,S^iiiEttyl-acetYlpho^horamidothioate) 

was added a t about 9000 ppm t o the spray mix t o enhance B . t . e f fec t iveness 

against the budworm (Morris et al 1975). 

As a preltade to appl icat ion in the f i e l d , laboratory t e s t s were 

conducted t o determine the spore and o y s t a l content and tox ic i ty of the 

Dipel formulation s la ted f o r f i e l d use , the e f f œ t of the addi t ives (CMZ 

and PVP) on B. thuipingiensU spore germination, and to check the dye-

cotplexing a b i l i t y of PVP with Erio Acid Red. 

Forest stands a t Rankin, Ontario, consis t ing mainly of white 

^ r u c e and balsam f i r t r e e s varying in height f r a n 9 t o 15 m were selected 

fo r a e r i a l t e s t ing of the new formulation. The appl icat ion procedure and 

the assessments of the e f fec t iveness of the sprays were similar t o those 

previously described (Morris et al 1975). 
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RESULTS AND DISCUSSIŒil 

The data in Table 2 show tha t the r a t i o s of spores t o c rys ta l s 

were approximately the same in a standard laboratory saitple, in the 

unformulated n a t e r i a l used fo r the 1976 f i e l d t r i a l s and in the 

fomtulated tartk mix saiiple taken jiist before loading into the a i r c ra f t . 

This indicates tha t the content of basic act ive ingredients ( ^ r e s and 

crystals) of the spray sample was normal. 

In the laboratoiry t e s t designed to cotpare spore viabi l i ty and 

B. t . tox ic i ty of unfonnulated and formulated Dipel 36B used in the f i e l d 

(Table 3) , i t was found tha t viable spore content and LĈ QS were not 

s ign i f ican t ly d i f f e r e n t in the two materials . This indicated tha t the 

addit ives used in the spray formulation (CMC, PVP, DS49) did not a f f e c t 

spore v i a b i l i t y or toxic i ty of the ^ r e - c r y s t a l mixture .for budworm under 

laboratory t e s t conditions. 

The 1976 f i e l d sanple was a lso bioassayed using L^ budworm 

to cotpare i t s tox ic i ty with the standard Dipel 36B sairple v ^ c h had 

been stored in the r e f r i ge ra to r for 2 years. This standard was a lso 

ccnpared in tox ic i ty (LD^Q) with i t s tox ic i ty when newly received 2 years 

previously. The laboratory saitple was reported by the manufacturers 

to contain 7800 Internat ional Units (lU) of biological act iv i ty /hg and 

the 1976 f i e l d sanple 9000 lu/it^. i f both label claims are t rue with 

respect t o potency, then the r e l a t i ve potency of the f i e l d saiiple could be 

e ^ r e s s e d as 1.15 ( i . . . 9000/7800) using the laboratory saitple as r e f e m i c e . 

This hypothesis was not re jec ted by the bioassay r e su l t s (Table 4) because, 

the predicted potency r a t i o i s within the 95 confidence l imi t s of the 
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experimeatal value. Oîie data indicate t ha t the labDratory sample had l o s t 

some potency during the two-year storage period. Note t ha t in sp i t e of the 

large d i f fe rence in LD^qS between the two r ^ l i c a t e s , the potency r a t i o s 

a re r e l a t i ve ly ccxistant. 

Studies on the ccnpa t ib i l i t y of PVP and ŒC with Bacillus 

thwcingiensis (Table 5) indicated t h a t t h œ e addi t ives had no detremental 

e f f e c t s on s ^ r e germination. The PVP did not appear t o bind the Erio 

Acid Red based on the r e s u l t s summarized in Table 6. However, the 

e f f e c t of PVP on the toxic c rys t a l s o r the chemical insec t ic ide (Acephate) 

i s unkncwn. 

Data f r a n the f i e l d t r i a l s showed t h a t l a rva l development on 

the s p r ^ date (May 30) was 84% L^ and L^ (Table 7) . With the possible 

exception of Plo t 1 (Dipel + DS49-1), t r e e growth was about the same on 

both vdiite spruce and balsam f i r vten spra j^ were applied (Table 8) 

(see appendix). Hie deposit r a t e s in terms of lO/ha and number of viable 

spores/ha reaching ground surface varied widely between treatments 

(Table 8). The r a t i o s of BIU: number of v iable spores deposited were 

iden t ica l f o r the twD repl ica ted Dipel-Orthene formulations (1:1) but 

d i f f e r e d f r a n the Dipel alone treatment (1:2). Drop densi ty on P lo t 1 

was very high (88/cm^) and moderately high on the other two p lo t s 

(23-36/an2). Drop s i ze was low on a l l p l o t s ranging from 33 t o 40 wm 

in average diameter (Table 8) with 94 t o 99% of a l l drops in the 30-60 ym 

range (Table 9) . 

Data f r a n the stu(ty of survival of spores on vàiite spruce and 

balsam f i r fo l iage (Table 10) suggested a d r a s t i c reduction in spore 

v i a b i l i t y as ear ly as one day a f t e r spray appl icat ion. Sairples f r a n 

the same branches used fo r spore v i a b i l i t y s tudies when bioassayed f o r 
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i n f a c t i v i t y fo r L^ budwrm larvae caused no appreciable mor ta l i ty anoung 

the t e s t insec ts even on fo l i age taken immediately a f t e r ^ r a y appl icat ion, 

suggesting t ha t the spray deposi ts may have been non-toxic f o r the budworm 

(Table 11). -me reason f o r t h i s i s not ye t c l ea r . Wfe can only speculate 

a t t h i s time PVP may have reduced tox ic i ty (due t o i t s caiplexing with the 

bac te r i a l toxin and with acephate) or may have foimed a hard fUm a f t e r ' 

drying which became indigestable by the insect larvae. PVP i s known t o 

be rendered insoluble vdien oxidized under the influence of l i g h t . The 

t r ee s used f o r res idual a c t i v i t y s tudies were open grown and f u l l y e>q»sed 

t o sunl ight . 

The treatments caused no s ign i f i can t reduction in population 

density (Table 12), moth emergence (Table 13), de fo l i a t ion and moth 

oviposi t ion (Table 14) or budworm parasi t ism (Tables 15 and 16). The 

overal l f a i l u r e of t h i s new formulation appears t o have been pa r t ly due 

t o the inclusion of polyvinypyrrolidone and pa r t l y t o high na tura l budworm 

morta l i ty in the population (Table 12). The a e r i a l t e s t s are being r e -

peated with PVP. 
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Table 370 
Fonnulaticais of Baoillus thwpingiensis (Dipel 36B) xjsed a t Ranlcin, Ontario, in 1976 

P lo ts Area Dipel 36B Water ^ Ear Dye ËS49 Orthene Chevron S t icker PVP 
(ha) (gals . ) (gals .) (gms) (girs) (grrs) (gns) (mil.) (gns) 

1 20 20 40 568 228 2271 1275 228 2271 

2 20 20 40 568 228 Ni l Ni l 228 2271 

I 
3 30 30 60 852 342 3408 1918 342 3408 «» 

P lo t s 1 and 2 ' .application Sim. May 30, a^m. 1976. 

P lo t 3 ' .ajçî l icat icn S m . May 30, p .m. , 1976. 

^ 0.25%; ^ 0.1%; ^ 1.0%; 9000 o m ; ® 0.1%; ® 1.0% 
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Table 2 

Spore-Crystâl Counts of Standard Dipel 36B Sairple Ctoinpared m t h 
Ponnulated and IMformulated Dipel \j&eA in Fie ld T r i a l s , 1976* 

Percent 
Spcares Crysta ls 

Refrigerated Laboratory Sanple 
(mfonnulated) 50 50 

ReÊriqerated 1976 Fie ld Sample 
(unformulated) 48 52 

Spray Tank Mix 
(Refrigerated 3 months^ 52 48 

* A th in smear of t he B . t . suspension was made i n duplicate from 

each mix and the perœntage of spores and c r ^ t a l s o^unted i n 10 

o i l inversicn f i e l d per s l i d e . 
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Table 3 

Gonparison of Formulated and lînfonnulated Dipel 36B used in Field 

'Priais, Rankin, Ontario, 1976. 

Viable Spoies/mJl* icso (yg per 
gm of Diet)** 

Fonnulated Dipel 2.050 x 10® 

Uifonnulated Dipel 0.834 x 10® 

1.5 

3.5 

Values are not siqnificantlv different. 

* * Potency ratios of field:check (95% C.L) = 1.3 (0.7 - 2.7) 

indicating no difference in biological potency. L^ sprua 

budworm was used in the bioassav. 



Table 4 
Besults of Laboratory Assay of Potency of Dlpel SC (36B) Used in 1976 Field Trials Using 

a LaboratQcy Befrigerated Saitple for Inference Standard* 

^50 (ug/mi) Single Line Analysis Field Lab. 
1̂ 50 (ug/ïnî,) Parallel Line Analysis Field Lab. 

Potaicy Ifetio (95% C.L.) 

Laboratory Saiiple Bioassay 1974 3.0 
Field Sample 1976 Rep. #1 42 46 43 45 1.03 (0.21-5.21) 

I H 

Field Sample 1976 Bep. #2 17 16 19 14 0.76 (0.30-1.92) 
Field Samples 1976 Pooled 0.79 (0.67-1.18) 

Values are for diç)licate tests. 



Table 5 
Effects of Polyvinylpyrrolidone and Carboxyinetî̂ lcelluslose Additives on Gemination 

of Baoillus thiœingiensis (Dipel 36B) Spores and oi Parasporal Crystal̂  

Percent 
Spores Crystals Vegetative Cells 

Untreated Dipel 18 42 40 

Dipel + PVP 5 47 48 ' 
K 

Dipel + CftC 17 40. 43 

Dipel + PVP + CfC 20 35 45 

^ 24 hr. culture in hrain heart infusion broth; Shiimoff Stain. 



Table 6 
Spectxal Trananittance of Various Fooraalaticais of Dipel 36B as a ffeasure of the 
Dye-Cotplexing Ability of Polyvinyl Pyrrolidone (PV) Additive and Erio Acid Rsd. 

^ Mean of 2 replicates 
* Carbojcymetl̂ lcellulose 

Percent 'Trananittance at 565 in of 1:400 Diluticn̂  
Fonnulations pl\is 0.1% Erio Acid Red Suspension Not Staeared on Slides Suspensions Stneared 
Dipel 71 73 
Dipel + 1% PVP 72 71 
Dipel + 0.5% PVP 71 72 
Dipel + 0.1% PVP 71 72 
Dipel + 1% CMC* 72 73 
Dipel + 1% CMC + 0.5% PVP 72 73 
Dipel + 1% CMC + 0.25% PVP 72 73 
Dipel + 1% CMC + 0.1% PVP 72 72 

H OJ 



^le 7 
Spruce Buâmrm Develcçnient at Rankin, Ontario cn T̂ Mte 
Spruce and Balsam Fir, 1976. Esqjressed as Percentages 

of Various Instars 

Date Piç)ae •tk I 

May 26 
May 30 
June 6 

20 

4 
67 
38 

13 
46 
1 

11 

0 

1 
30 69 



Table 8 
Ground Deposit Rates - Dipel - Qrthene Aerial Trials 

at Rankin, CRtario, 1976 

Tceatnents/liectaTTe Deposit Rates/lia 
BIU of B.t. No. Viable g Spores X 10 Orthene 

(g) 
Percent of Emitted Voliine Average NOTber 2 Drops/cm 

Dia. Drop of Av. Vol. (ym) Deposited 
Average NOTber 2 Drops/cm WS bF Total 

'lot 1 - 30 BÎD Dipel •»• Orthene + DS 49 6.9 6.7 9.7 23.2 87.7 39 40 40 

'lot 3 - 30 BIU Dipel + Orthene + ES 49 3.1 3.0 4.4 10.5 22.9 41 45 43 

'lot 2 - 30 BIU Dipel Alone 1.9 3.6 2.7 6.5 36.0 33 32 33 

Based on colorimetic analysis of glass plate deposits 

G I 



Table 9 
Average percent of drop in class sizes with spread factor of 2 

Drop Class Dian̂ ters (ran) 30 m IÔÔ~~ 2ÔÔ 25Ô" 

1 76.8 18.1 5.0 0.2 0 

65.0 30.4 4.6 

94.0 5.4 0.5 0.1 

<y> 
I 



Table 10 
Survival of Bacillus thuringiensis (Dipel 36B) Spores on White ̂ruce and Balsam Fir Trees 

in Aerial Spr^ Plots, Rankin, Ontario, 1976 

Number of Days After Spray Cumulative Solar Radiation Kcal/can̂  
Ncffiiber of Viable Spores/gm Foliage X 103 Number of Days After Spray Cumulative Solar Radiation Kcal/can̂  Dipel 

wS - DS49 - 1 
bF Dipel wS 

- DS49 -2 
bF Dipel alone wS bF 

0* 0 806 978 960 1608 1930 1020 
1 0.52 280 810 N.D. N.D. 56 391 
5 2.59 7 15 27 378 4 6 
10 5.05 3 7 89 7 86 3 
19 8.90 252 104 34 2 1 4 
31 14.26 1 2 22 158 2 0 

CJieck 0 0 0 0 0 0 

N.D. - Not Done Drop density (drcps/on̂ ) at site of test trees were: Dipel DS49-1, 163 (wS) and 162 (bF) ; Dipel alone, 91(wS) and 36(bP). 
• *Saraples taken iimediately after î ray application. 

•vj 
I 



Table 11 
Elesicîual Activity of Dipel 36B Aerially l̂ lied to Balsam Fir Trees, Rankin, Cntario, 1976 

Number of Days After Spray î lication Cumulative Solar Radiation in the Field (Kcal/on̂ ) Number of Buc3wom Larvae Tested Percent îfortality 

0* 0 189 14.3 
1 0.52 174 16.1 
5 2.59 95 5.3 
10 5.05 97 2.1 
19 8.90 93 1.0 
31 14.26 82 12.2 

Untreated Check - - 26.1 

Average of 2 replicates each. Plot 1. 
* Sanples taken iitinediately after ̂rày application. 

00 I 



Table 12 
Effects of Tneatmants on Populaticai Itedixiticxi 

Tceatnents Pre-Spr̂  Daisil̂  Larvae/100 Biids (Larvae/18" Branch) 
Qjrrected % Population Reduction (Based cai Bud CJounts) 1 -

Residœl Populaticai Daisity/lOO Biids 
Tceatnents 

WS bF wS bp wS hF 

Dipel + DS49-1 X3{20) 7(8) 92 81 1.0 1.3 
Dipel + DS49-2 12(14) 7(6) 92 92 0.9 0.5 
Dipel Alcaie 9(11) 6(6) 86 96 1.3 0.2 
Untreated Check 12(17) 7(9) (83) (73) 2.0 1.9 

r̂rected Abbotts fomila. 
Total solar radiaticn from date of plication to the final larval density assessnent was 11.07 kCal/cir. tfean max. and min. tenperatxjre for the same period were 26.1 and 12.1°C, respectively. Total rainfall, 4.5 cm. 

M VO 



Table 13 
Effect of Treatments on Moth anergenœ 

Treatments Number of Pvçae Caged Males Feniale 
Average Piç>al Weights (mg) Males Females 

Percent Moth Einergence 
Males Females Total 

Dipel + DS49-1 209 152 54 76 53 42 58 

Dipel + DS49-2 194 125 57 79 59 62 60 
NJ O 

Dipel alone 213 159 58 84 60 45 53 

Itotreated Check 296 252 65 93 56 63 59 



Table 14 
Effects of Treatinents oi Defoliation and Oviposition, Rankin, Ontario, 1976 

Q̂reatments Percent Defoliation wS bF Sxiccessful Egg ffesses per 100 s.ft of Ebliâ  

Dipel + DS49-1 10 7 3 

Dipel + DS49-2 10 3 1 

Dipel Alcne 10 5 2 

Iftitreated Chedc 18 16 4 

to H 



Table 15 
Percent Larval, Pupal and Egg Mass Parasitism in Treated and Untreated Plots 

Bankin, Ontario, 1976 

Tceatnents Larval Pupal Totals Egg Masseŝ  

Dipel + DS49 -1 9 11 20 18 

Dipel + DS49-2 0.6 7 7.6 22 

Dipel Alone 5 11 16 15 

Uhtreated Chedc 9 6 15 28 

to NJ 

^ Tridhograititia sp. 
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Table 16 
List of Parasites Emerging frran Larvae 
and Piçae from Treated ard ISitreated 

Plots, Rankin, Ontario 1976 
Treatments Plots 

Dipel - DS49-1 

Dipel - DS49-2 

Dipel Alone 

ISitreated 

Parasite ̂ 3ecies 
Larval 

14 Apantelee fwniferma 
2 kpanteles sp. 3 Itoidentified 

1 Unidentified 

4 Apmteles fumiferanae 
1 Gtypta fimiferanae 

16 kpanteles fimiferam 
2 Campoplex sp. 

Pupal 

14 Itopleotis aonquiaitor 
9 Phaeogenea hax^dlm 
1 Glypta fumtferanae 
17 Omatoma fumCferanae 

15 Itopleot-is Qonqvia-itoT 
9 Phaeogenes hariolvs 
2 Omatoma fumiferanae 1 Tacshinidae 
16 Itapleotis oonquisitor 
1 Apeothis antavio 
2 Flmeogenea hajpiolm 
17 Omatoma fumifeTanae 2 Tadiinidae 
17 Itopteotis oanquis'ltov 
2 Vhaeogenes ha:piolvi8 
2 ApeoiMis onta:H,o 
5 Omatoma fvantferanae 1 Sarccçhagidae 1 Ichneurnonidae 
1 Dolidhopodidae 2 Asoogaster sp. 

IdentificaticHis by F. Titus, Maritiires îtorest Research Centre. 



APPHSIDIX I 



NO OF TREES ***** 

II INSTAR ****** 
ALL SPECIES 50 294 

WS ONLY 25 
BP ONLY 25 

208 

86 

i 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* CHECK PLOT 1, RANKIN . * * PRE-SPRAY ' * * MAY 24, 1976. f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

III INSTAR ****** 

900 

IV INSTAR ****** 

61 

V INSTAR ****** 
VI INSTAR ****** PUPAE ****** 

0 ( 23.4%) ( 71.7%) ( 4.9%) ( .1%) ( .0%) { .0%) ( 

590 32 0 0 

310 29 0 0 0 

SBW POPULATION DENSITY ********************** 

EMERGED PUPAE ****** 

0 
.0%) 

( 25.0%) ( 71.0%) ( 3.9%) ( .1%) ( .0%) ( .0%) ( 0 
.0%) 

( 20.2%) ( 72.9%) ( 6.8%) ( .0%) ( .0%) ( .0%) ( .0%) 

DEAD PARA- ASSOC LIVE SBW SITES SP SBW 
* * * * * * * * * * * * * * * * * * * * 

17 

15 

4 1256 

831 

425 

PER BUD 
PER SC M 
PER 100 SO FT 
PER BRANCH 

ALL SPECIES 
.0970 
89.8 
834. 
12.56 

WS 
.1199 
123.2 
1145. 
16.62 

BF 
.0707 
58.7 
545. 
8.50 

TREE VIGOR 
* * * * * * * * * * 

BUDS PER SO M 925.7 1028.0 830.5 



* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* PLOT 1 RANKIN * * PRE-SPRAY * * MAY 23, 1976. * ******************************************* 

NO OF TREES ***** 
II INSTAR ****** 

ALL SPECIES 50 

WS ONLY 25 
BP ONLY 25 

560 

452 

108 

III INSTAR ****** 

742 

IV INSTAR ****** 

66 

V INSTAR ****** 
VI INSTAR ****** 

0 

PUPAE ****** 

513 25 

229 41 0 

0 ( 45,6%) ( 51.8%) { 2.5%) ( .1%) ( .0%) ( 
0 

{ 26 .6%) ( 60 .6%) ( 10 .8%) ( .0%) ( .0%) ( 

EMERGED PUPAE ****** 

0 ( 40.9%) ( 54.2%) ( 4.8%) ( .1%) ( .0%) ( .0%) ( .0%) 

0 
.0%) ( 

0 
.0%) ( 

.0%) 

0 
.0%) 

DEAD PARA- ASSOC LIVE SBW SITES SP SBW 
* * * * * * * * * * * * * * * * * * * * 

37 1369 

20 

17 

991 

378 

SBW POPULATION DENSITY ********************** 

PER BUD 
PER SO M 
PER 100 SO FT 
PER BRANCH 

ALL SPECIES 
.1001 
103.5 
961. 
13.69 

WS 
.1283 
147.9 
1374. 
19.82 

BF 
.0635 
57 . 9 
538. 
7.56 

TREE VIGOR ********** 
BUDS PER SO M 1034.2 1153.1 912.1 



******************************************* 

* PLOT 2 RANKIN * * PRE-SPRAY * * MAY 21, 1976. * ******************************************* 

NO OF II TREES INSTAR ***** ****** 
ALL SPECIES 50 522 ( 62.7%) 
WS ONLY 25 368 

( 66.1%) BP ONLY 25 154 ( 55.8%) 

III INSTAR ****** 
301 ( 36.1%) 

185 { 33.2%) 
116 ( 42.0%) 

IV INSTAR ****** 
10 

1.2%) 

4 
.7%) 

6 2.2%) 

V INSTAR ****** 
0 

.0%) 

( .0%) ( 

0 
.0%) 

VI INSTAR ****** 
0 

.0%) 

0 

.0%) 

0 .0%) 

PUPAE ****** 
0 

.0%) 

0 
.0%) 

EMERGED PUPAE ****** 
0 

( . 0 % ) 

0 
0 

DEAD PARA- ASSOC LIVE SBW SITES SP SEW **** ***** ***** ****** 
833 

557 

276 
( .0%) ( .0%) 

SBW POPULATION DENSITY ********************** 

PER BUD 
PER SO M 
PER 100 SO FT 
PER BRANCH 

ALL SPECIES 
.0761 
60.4 
561. 
8.33 

WS 
.0936 
84.0 
780. 
11.14 

BF 
.0553 
38.6 
358. 
5.52 

TREE VIGOR ********** 

BUDS PER SO M 793.5 897.5 697.0 



* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* PLOT 3 RANKIN * PRE-SPRAY * MAY 19,20, 1976. ****************************************** 

NO OF II III IV V TREES INSTAR INSTAR INSTAR INSTAR 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

ALL SPECIES 50 634 388 17 0 ( 61.0%) ( 37.3%) ( 1.6%) ( .0%) ( 
WS ONLY 25 
BP ONLY 25 

454 

180 

255 12 ( 63.0%) ( 35.4%) ( 1.7%) ( 
133 ( 56.6%) ( 41.8%) ( 1.6%) ( 

VI INSTAR ****** 

.0%) ( 

0 
.0%) ( 

0 
.0%) ( 

0 

PUPAE ****** 

( 

.0%) ( 

0 
( 

0 

EMERGED PUPAE ****** 

0 
.0%) 

.0%) ( .0%) ( 
0 

.0%) 

DEAD PARA- ASSOC LIVE SBW SITES SP SBW 
* * * * * * * * * * * * * * * * * * * * 

17 

13 

11 1039 

721 

318 

SBW POPULATION DENSITY ********************** 

PER BUD 
PER SO M 
PER 100 SO FT 
PER BRANCH 

ALL SPECIES 
.0929 
77.3 
718. 
10.39 

WS 
.1153 
110.9 
1030. 
14.42 

BF 
.0645 
45.8 
426. 
6.36 

TREE VIGOR 
* * * * * * * * * * 

BUDS PER SO M 832.2 961.7 710.8 



APPENDIX II 



******************************************* 

* CHECK PLOT 1 RANKIN * * POST SPRAY I * * JUNE 14, 1976. * ******************************************* 

N O O F TREES ***** 
II INSTAR ****** 

ALL SPECIES 50 

WS ONLY 25 
BF ONLY 25 

0 

0 

III INSTAR ****** 
IV INSTAR ****** 

V INSTAR ****** 

16 

VI INSTAR ****** 

217 

PUPAE ****** 

218 

90 122 

0 10 127 96 

EMERGED PUPAE ****** 

6 ( .0%) ( .2%) ( 1.3%) ( 3.4%) ( 46.8%) ( 47.0%) ( 1.3%) 

( .0%) ( .4%) ( 1.8%) ( 2.6%) ( 39.6%) ( 53.7%) ( 1.8%) 

( .0%) ( .0%) ( .8%) ( 4.2%) ( 53.6%) ( 40.5%) ( 2 
.8%) 

DEAD PARA- ASSOC LIVE SBW SITES SP SEW 
* * * * * * * * * * * * * * * * * * * * 

26 

16 

10 

464 

227 

237 

SBW POPULATION DENSITY ********************** 

PER BUD 
PER SO M 
PER 100 SO FT 
PER BRANCH 

ALL SPECIES 
. 0493 
34.1 
317. 
4.64 

WS 
.0449 
31.0 
288 . 

4.54 

BF 
.0544 
37.8 
351. 
4.74 

TREE VIGOR 
* * * * * * * * * * 

BUDS PER SO M 692.4 690.3 694.8 



****************************************** 

* PLOT 1 RANKIN * POST SPRAY I * JUNE 9, 1976. 
******************************-k*1,1,*1,1,*1c*** 

NO OF TREES ***** 

II INSTAR ****** 
ALL SPECIES 50 

{ 

WS ONLY 25 
BF ONLY 25 

{ 
0 

III INSTAR ****** 
21 

IV INSTAR ****** 
78 

V INSTAR ****** 
151 

VI INSTAR ****** 
197 

12 51 96 144 

9 27 55 53 

PUPAE ****** 
11 0 ( 4.6%) { 17.0%) ( 32.8%) ( 42.8%) ( 2.4%) ( 

EMERGED PUPAE ****** 
0 

.0%) 

( .6%) ( 3.8%) ( 16.2%) { 30.6%) ( 45.9%) { 2.9%) ( 

>) { 6.2%) { 18.5%) ( 37.7%) ( 36.3%) { 1.4%) ( 

0 

.0%) 

0 .0%) 

DEAD PARA- ASSOC LIVE SBW SITES sp saw **** ***** ***** ****** 
64 

59 

460 

314 

146 

SBW POPULATION DENSITY ********************** 

PER BUD 
PER SO M 
PER 100 SO FT 
PER BRANCH 

ALL SPECIES 
.0434 
32.9 
305. 
4.60 

WS 
.0598 
44.4 
413. 
6.28 

BF 
.0273 
21.1 

196. 
2.92 

TREE VIGOR 
* * * * * * * * * * 

BUDS PER SO M 757.9 743.0 773.1 



* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* PLOT 2 RANKIN .* * POST SPRAY I '* * JUNE 10, 1976. * ******************************************* 

NO OF 
TREES ***** 

II INSTAR ****** 
ALL SPECIES 50 

WS ONLY 25 
BF ONLY 25 

0 

0 

III INSTAR ****** 
IV INSTAR ****** 

66 

V INSTAR ****** 
126 

VI INSTAR ****** 
137 

46 91 100 

20 35 37 

PUPAE ****** 

( .0%) ( 1.2%) { 19.5%) ( 37.2%) ( 40.4%) ( 1.8%) ( 

EMERGED PUPAE ****** 
0 

.0%) 

( .0%) ( .8%) ( 18.9%) ( 37.3%) { 41.0%) ( 2.0%) { 

{ .0%) ( 2.1%) ( 21.1%) ( 36.8%) ( 38.9%) ( 1.1%) ( 

0 

.0%) 

0 .0%) 

DEAD PARA- ASSOC LIVE SBW SITES SP SBW 
* * * * * * * * * * * * * * * * * * * * 

20 

18 

339 

244 

95 

SBW POPULATION DENSITY ********************** 

PER BUD 
PER SC M 
PER 100 SO FT 
PER BRANCH 

ALL SPECIES 
.0474 
24.0 
223. 
3.39 

WS 
.0607 
34.9 
324. 
4.88 

BF 
.0304 
13.3 
123. 
1.90 

TREE VIGOR ********** 
BUDS PER SO M 505.3 575.1 437.1 



* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* PLOT 3 RANKIN * POST SPRAY I * JUNE 11, 1976. 
********************** le******************* 

NO OF II TREES INSTAR ***** ****** 

ALL SPECIES 
50 1 

( 

WS ONLY 25 
BF ONLY 24 

{ 

( 
0 

III INSTAR ****** 

8 

IV INSTAR ****** 

21 

V INSTAR ****** 

58 

VI INSTAR ****** 

150 

PUPAE ****** 

15 ( 3.1%) ( 8.2%) ( 22.7%) ( 58.8%) ( 5.9%) ( 

46 127 14 

12 12 22 

EMERGED PUPAE 
****** 

2 
.8%) 

:) ( 1.0%) ( 4.5%) ( 22.9%) ( 63.2%) ( 7.0%) ( 1.0%) 

i) ( 11.3%) ( 22.6%) ( 22.6%) ( 41.5%) (- 1.9%) ( 0 
.0%) 

DEAD PARA- ASSOC LIVE SBW SITES SP . SBW 
* * * * * * * * * * * * * * * * * * * * 

14 23 

19 

255 

201 

53 

SBW POPULATION DENSITY ********************** 

PER BUD 
PER SO M 
PER 100 SO FT 
PER BRANCH 

ALL SPECIES 
.0295 
20.7 
193. 
2.55 

WS 
.0462 
30.3 
281. 
4.02 

BF 
.0129 
9.7 
90. 

1.10 
TREE VIGOR 
* * * * * * * * * * 

BUDS PER SO M 702.9 654. 5 754.7 



APPENDIX III 



* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* CHECK PLOT RANKIN * POST-SPRAY 2 
•..iSïS.JÎ;.»";............""""""" 

NO OF TREES ***** 
ALL SPECIES 50 

( 

II INSTAR ****** 

WS ONLY 24 
BF ONLY 25 

( 

( 

0 
.0%) 

0 
.0%) 

0 .0%) 

III INSTAR ****** 
0 

.0%) 

PER BUD 
PER SQ M 
PER 100 SQ FT 
PER BRANCH 

BUDS PER SQ M 

0 
.0%) 

IV INSTAR ****** 
0 

V INSTAR ****** 
VI INSTAR ****** 

36 

PUPAE ****** 

67 

EMERGED PUPAE ****** 
183 

.0%? ( .7%) ( 12.5%) { 23.3%) ( 63.5%) 

B̂ J ( .6%; ( ll.sî  (22.3%) (65.6%) 18 35 103 

( .0%) ( 
1 

. 8 % ) 

18 32 80 
( 13.7%) ( 24.4%) ( 61.1%) 

SBW POPULATION DENSITY ********************** 

ALL SPECIES 
.0319 
21.9 
203. 
2.88 

TREE VIGOR ********** 

685.9 

WS 
.0347 
24.6 
229. 
3.27 

709.3 

DEAD PARA- ASSOC LIVE SBW SITES SP SBW **** ***** ***** ****** 
14 

0 

BF 
,0332 
19.8 
184. 
2.62 

596.4 

288 

10 157 

131 



* PLOT 1 RANKIN 
* POST-SPRAY 2 
* JUNE 23, 1976 . ****************************************** 

NO OF 
TREES ***** 

I I 
INSTAR ****** 

ALL SPECIES 
50 0 

( .0%) 

I I I 
INSTAR ****** 

( .0%) ( 

IV 
INSTAR 
* * * * * * 

1 
.7%) ( 

V 
INSTAR ****** 

1 
.7%) 

VI 
INSTAR ****** 

36 
( 23.7%) 

PUPAE 
* * * * * * 

75 
( 49.3%) 

EMERGED 
PUPAE ****** 

39 
( 25.7%) 

DEAD PARA- ASSOC LIVE 
SBW SITES SP SBW 

* * * * * * * * * * * * * * * * * * * * 

0 13 152 

WS ONLY 
25 

BF ONLY 
25 

( 

( 

0 
.0%) 

0 .0%) 

( .0%) { 

0 
( .0%) ( 

1 
1.4%) 

0 .0%) 

( 1.4%) 

0 
.0%) { 

20 
( 29.0%) 

16 ( 19.3%) 

27 
{ 39.1%) 

48 ( 57.8%) 

20 
( 29.0%) 

19 ( 22.9%) 

1 

1 

0 12 

1 

69 

83 

SBW POPULATION DENSITY ********************** 

ALL SPECIES WS BF 

PER BUD .0198 .0175 . 0 2 2 1 

PER SQ H 1 1 . 4 1 0 . 2 1 2 . 7 

PER 100 SQ FT 106. 9 5 . 118 . 

PER BRANCH 1 . 5 2 

TREE VIGOR ********** 

1 . 3 8 1 . 6 6 

BUDS PER SO M 577 .6 580 .7 574 . 4 



* PLOT 2 RANKIN 
* POST-SPRAY 2 
* JUNE 23, 1976. 
it***********it************ ***************** 

NO OF I I 
TREES INSTAR ***** ****** 
ALL SPECIES 

50 0 

I I I 
INSTAR ****** 

( .0%) ( .0%) ( 

IV 
INSTAR ****** 

0 
.0%) 

V 
INSTAR ****** 

1 
.7%) 

VI 
INSTAR ****** 

28 
( 18.8%) 

PUPAE ****** 

68 
( 45.6%) 

EMERGED 
PUPAE ****** 

52 
( 34.9%) 

DEAD PARA- ASSOC LIVE 
SBW SITES SP SBW 

* * * * * * * * * * * * * * * * * * * * 

8 149 

WS ONLY 
25 

BF ONLY 
25 

0 21 37 

31 

43 
( .0%) ( .0%) ( .0%) ( 1.0%) ( 20.6%) ( 36.3%) { 42.2%) 

( .0%) ( .0%) ( -0%) ( -0%) ( 14.9%) ( 66.0%) ( 19.1%) 

4 

4 

2 

5 

5 

2 

102 

47 

SBW POPULATION DENSITY ********************** 

ALL SPECIES WS BF 

PER BUD .0098 .0239 .0043 

PER SO M 11 .0 1 3 . 8 7 . 6 

PER 100 SO FT 102. 129. 70 . 

PER BRANCH 1 .49 

TREE VIGOR ********** 

2 .04 .94 

BUDS PER SO H 1120.7 577 .8 1764 .7 



* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* PLOT 3 RANKIN * POST-SPRAY 2 * JUNE 24, 1976. ****************************************** 

NO OF TREES ***** 
II INSTAR ****** 

ALL SPECIES 50 0 
( .0%) ( 

III INSTAR ****** 
0 

.0%) 

IV INSTAR ****** 
0 

.0%) 

V INSTAR 
* * * * * * 

{ 4.9%) 

VI INSTAR ****** 
28 ( 34.1%) 

PUPAE ****** 
27 ( 32.9%) 

EMERGED PUPAE ****** 
23 

( 28.0%) 

DEAD PARA- ASSOC LIVE SBW SITES SP SBW 
* * * * * * * * * * * * * * * * * * * * 

11 82 

WS ONLY 25 
BP ONLY 25 

( 

( 

.0%) 

0 

0 
.0%) 

0 .0%) 

( .0%) ( 1.8%) 

0 
.0%) ( 11.1%) 

14 
( 25.5%) 

14 ( 51.9%) 

21 ( 38.2%) 
19 ( 34.5%) 

( 22.2%) ( 14.8%) 

7 

4 

7 

0 

55 

27 

SBW POPULATION DENSITY ********************** 

ALL SPECIES WS BF 
PER BUD .0118 .0152 .0082 
PER SQ M 7.3 9.9 4.8 
PER 100 SQ FT 68. 92. 44. 
PER BRANCH .82 1.10 .54 

TREE VIGOR 
* * * * * * * * * * 

BUDS PER SQ M 617.7 654.1 582.1 




