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ABSTRACT

This report describes the first season of a 3-year
project to elucidate deposit/response relationships
from the aerial application of fenitrothion insecticide
againstspruce budworm, Choristoneura fumiferana
(Clem.), infesting spruce-fir forestin New Brunswick,
Canada.

The heterogeneity of insecticide deposit
distribution over a 100 m transect of forest within a
multi-swath target block is detailed as statistics of
tracer dye mass and droplet density on foliage of fir
and spruce. Deposit is analysed by plot location
downwind, by crown level, by crown aspect, and by
single trees, based on measurements of 1152 twig
samples of each species. Gradients of density
downwind and through crown contributed to dis-
tribution freguencies peaking at low levels (ca Tug
fenitrothion/shoot) but skewed as far as 20 pg/shoot.
Dropiet density averaged 0.4 droplets/needle on fir,
but with broad deviation from the mean. In effect,
although the average deposit was satisfactory, many
shoots received too little deposit and some too
much. Spruce and fir had similar deposit patterns,

The spruce budworm larva is generally too well
concealed under silk or in the bud mine to be
vulnerable to direct impact by droplets. Therefore,
the target is the foliage of the outer microhabitat,
where the larvae may move into contact with
residues. Hypotheses are developed to explain
vulnerability to sprays in refation to silking behavior
and weather.

‘The criterion of spray efficacy was reduction in
density of larvae per tree within 6 days of treatment.
Mortality was measured by count of larvae falling to
drop trays. Efficacy varied widely from plot to plot
and tree to tree; it was twice as high on fir as on
spruce, indicating host-specitic differences inlarval
nehavior. The drop tray technique is a promising
way to assess direct efficacy.

RESUME

Ce rapport porte sur la premiére saison d'une
étude de 3 ans sur tes relations depdt-effet des
pulvérisations aériennes de fénitrothion contre les
infestations de la tordeuse des bourgeons de
I'épinette {Choristoneura fumiferana (Clem.})) dans
la forét d'épinettes et de sapins du Nouveau-
Brunswick, au Canada.

L'hétérogénéité de la distribution du depét de
'insecticide sur un transect de 100 m dans un bloc-
cible ou il y avait plusieurs bandes d’'aspersion est
expliquée & partir des données. sur la masse d'un
traceur colore et la densité des goutteleites sur le
feuillage des sapins et des épinettes. Le depdt
mesuré sur 1 152 échantiilons de rameaux de
chaque espéce est analysé en fonction de
'emplacement de |a placette sous le vent, du niveau
de la cible, du faciés de la cime et des arbres
individuels. Les gradients de ia densité sous le vent
et dans [a cime ont contribué au fait que les
fréquences de distribution atteignent un sommet a
des concentrations faibles (autour de 1 pg de
fénitrothion par pousse mais s'étalent jusqu'a 20
ng/pousse. La densité des gouttelettes était en
moyenne de 0,4 gouttelette/aiguille sur le sapin,
mais la deéviation par rapport a2 la moyenne étaif
élevée. En effet, méme si le dépdt moyen etait
satisfaisant, beaucoup de poussesontregu trop peu
de gouttelettes, tandis que certaines en ont recu
beaucoup trop. Les caractéristiques du dépdét sur
'épinette et le sapin étaient similaires.

La larve de ia tordeuse des bourgeons de
I'epinette est généralement trop bien protégée a
I'intérieur des fils de soie gu'elle tisse ou des
bourgeons gu'elle mine pour étre affectée
directement par les goutielettes. Par conséquent, la
cible estie feuillage du microhabitat extérieur oti les
larves peuventveniren contact avec les résidus. Des
hypothéses sont formulées pour expliquer la vul-
nérabilité aux arrosages en fonction du comporte-
mentde production de fils de soie et en fonction des
conditions meteorologigues.



These results have operational implications for
choice of spray weather and tacti¢cs to reduce
heterogeneity of deposit, and for timing to increase
larval vulnerability, if validated.

Le critére utilisé pour établir l'efficacite des
arrosages était la réduction de'la densité des larves
sur les arbres dans un délai de six jours aprés le
traitement. La mortalité a été mesurge par dénom-
brement des larves tombant sur des plateaux.
L'efficacité variait grandement d’une parcelle &
lautre etd'un arbre & I'aufre, elle etait deux fois pius
élevée sur le sapin gue sur 'épinette, indiquant des
différences du compartement des larves enfonction
de 'héte. La technique de dénombrement sur des
plateaux des larves tuées représente une méthode
prometieuse pour 'évaluation de l'efficacité directe.

5'ils sont valideés, ces résultats pourront influer
sur les pratigues d'arrosage: choix de conditions
météorologiques et de stratégies d’arrosage visanta
réduire I'hétérogénégité du dépdt, et du moment
propice des arrosages du point de vue de la vul-
nerabilite des larves.
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Table 6a. Matrix showing the mean deposit of dye
£ 5D by aspect in the upper, middle, and
lower canopy levels in Plois A, B, and C
and the significant differencés between
aspects. Concentrations of rhodamine
WT in ng/shoot (N = 4 shoots).

Balsam Fir
Piot A Plot & PiotC
N & E Mean NS E  Mean N8 B Mean
Upper W nsns Tt ¥ & 43 AR A S L) as nens 17 £ 17
E nsns 115 4 50 15 NS 53 & 25 ns ng 112
s ns 103 = 62 ns 56 4 25 ng 20 k% 16
] 102 = 71 A7 & 84 21 R 18
Middle W e 2B 34 AERARLAE ¥ 7 ) ns*t ot BR 7
E "t ons T4 £ 46 ns ns 24 & 1% ns ng 14 4 10
8 Tis 59 & 30 a8 31 4 20 ns 16 & 10
b 44 4 3 28 2 16 12+ g
Lower W ngns Y 87 k0 nsnsns 0 x 7 nenpsnd 8% 4
E . 31+ 13 nE ns g 4 £S 018 Tx 03
b ns 22 & 16 ng x5 ng a8t 5
N E3 RN Wt 4 84 5
Aed Spruce
Plut A Flot B Plot ¢
M S E  Mean NG E  Méan N S8 E  Medn
Upper W " nsns 300 40 asns t 2 RN neng ns 24 & 3
£ ns Ny Hr £ 19 A 17k 18 oS 4% 8
8 ns 72 180 ns 39 & 121 ns 18 & 2%
N 4 13 45 & 50 28 1 26
Middie W “oasas 18k ¥6 ns*t s WL 47 ng s ns 21w 26
E T ons 184 28 ns -’ 27 & 37 o5 08 20 = 16
S ng 46 & 108 ng B3 & 133 ns P30 25
N a5+ 27 &2 & 127 8 % 26
Lowar W ns ng ns 36 & B8 nsns "t 21 % 193 astt 13& 7
£ ng na 36 = 98 weo 125 B as " 5+ 24
s ns 45 = 96 ns 34 24t * 310
M 55 &~ 98 24 & 24 27 & 30

* gigniticantly ditferont at 7 < 0.08

~ sigpificantly different at #0038
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Table 6b. Matrix showing the mean deposit of

droplets + SD by aspect in the upper,
middle, and lower canopy ievels in Plots
A, B, and C and the significant
differences between aspects. Mean
droplets/needle on old foliage (1-year)
(N = 10 needles).

Balsam Fir
Plot A Pial B Piot- G
N 38 £ Mean N S E  Mean N S E  Mean
Upper W e Hs ns £8 F 08 ns "t "t Q3 408 ns ns ns 0.2 4 0.4
E as s 1.3 x84 nsns DB+ 03 nsas 02 3 02
5 [153 0.9 & 08 ns 14 & 41 fis 03 £ 03
N 1.0 = &8 06 G4 0.2 402
Middle W ns nsns 04 & 0.3 ns g ns 0.2 & 0.2 ns. ne ns 0.1 2 0.1
E nsns L& b ns s DB 5085 nsns 0.2 % D2
S ng 0.7 & 0.3 ns 0.7 2 08 ns 02 %84
N 4.6 % 04 04 %03 AR R
Lower W nsnsns 02 & 02 nsns asfl 01 nsnsns 01 k0.2
£ nins O& % 04 nsns 02 £ 01 nsgns 02302
] fis 03 % 62 ns 0.4 3 04 s 01 & 02
N 03 =03 61402 0:1 & 01
Red Spruce
Plat A Plot B Plot G
NS E Mean N 5 E  dean N & E Mem
tipper W ns ns ns 0.1 & G,1 ns* " 01 E 81 ns ns Ny o G
E nsns 02402 nsns 04 %04 ns ns na
8 s a3 4 0.2 ns 06 £ 04 s < 01
N 0.2 1 041 03+ 04 i
Middle W s g ps <0 01 nensns &1 & 04 nEnsns ha
E nsns Q3 & 01 nsps 02 & B3 ns ns na
5 ns AR R ns 02 =82 ns <0
M [ B V] 0.2 01 na
Lower W s ns ps < 01 ns ns s 0.1 & 09 nsasns <
E 0% NS < 0.1 ns ** 02 &4 ns NS < 01
3 ns 01 4 0d ns 01k o ns 8.1+ 02
N 21 4 043 0.7 =10 G

* signiicantly different at £ 0,05

~* signiticantly differont at P = 0.01

na np droplets detected



Ratio fof windward/leeward depaosits of rhodamine
WT tracer dye

A B C Average
Fir 1.4 1.1 1.3
Spruce 1.1 1.1 0.8 1.0

Despite the disparity between Armstrong and
Yule's spray situation and ours, the two datasets are
similar in suggesting that the windward side of a
conifer crown intercepts more deposit. On the other
hand, atmospheric turbulence should tend to homo-
genize deposit in the outer crown, particularly in the
upper crown where wind speed and turbulence are
higher. In sumimary, it appears that crown aspect
was not a major factor affecting -efficacy of spray
application in this experiment.

Nevertheless, aspect is a factor with potential
operational implications. If the windward to leeward
ratio were higher, say 2:1, it would be a major cause
of heterogeneity of efficacy. In that case, two or
more sprays with winds from different directions
might be desirable to ensure good coverage by
aspect. Aspect as a factor of distribution should be
tested in other spray circumstances.

Variation of deposit among trees

Although the eight sample trees of each species
in each plot were selected for consistency in height,
crown volume, crown isolation, and foliage density,
deposits per tree were highly variable (Table 7).
Comparing the heaviest to the lightest deposit per
tree, the range was 44-fold for fir and 8-fold for
spruce. Nevertheless, within-tree heterogeneity
{coefficient of variation among 48 shoots) was
much higher in spruce than in fir.

Note that the mean deposits per shootshown in
Table 7 are slightly lower than the means given in
Table 2. The difference is an artifact of analysis
routine; in the analysis for Tabie 7, the shoot values
of 5 ng or less were considered to be zero, because
such values were at the limit of detection by the
fluorometer above natural background.

Variance among shoots

The variation in deposit among individual
shoots, both fir and spruce, is important because
shoots (the budworm feeding sites) are the ultimate
spray targets.
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Because filtering by foliage reduces
homogeneity in deposit, it is essential to determine
efficacies associated with the range of deposits that
may occur. The iowest deposits (insufficient to kil
larvae) and the highest deposits (overdosing) repre-
sent waste in the distribution pattern. The optimum
deposit - an optimization of droplet density and
droplet mass just sufficient to kill a 3rd- or4th-instar
budworm in 95 of 100 trials - has yet to be defined.

Table 7. Deposits ng rhodamine/tree (= 48 shoois)
and coefficients of variation (%) by plot for
fir and spruce, Magundy, 1982.

Pipt A Plot B Plot ©
Tree Totat cy Testal cv Tata) cy
no. deposit {48 shools)  depodit (48 shoots]  deposit {48 shoots)
Balsam fir
1 4B0B g2 538 123 348 70
2 2748 B0 1185 Fit] 248 114
3 4378 78 162 108 174 155
4 1888 93 1504 98 728 B5
& 2448 78 1733 o 868 56
53 3345 95 1285 115 1081 1
7 2568 95 754 BS 104 168
2] 1956 68 1079 93 748 B3
Mearltree 2742 91 1187 10 543 106
Maan/shoot 57 25 11
Red spruce

1 asse 175 1516 1471 649 an
2 4250 w7 1652 ags 620 53
3 3334 130 1993 154 1771 100
4 644 198 713 104 3 58
5 874 230 950 85 893 132
6 1165 135 2539 172 1225 118
7 514 235 2176 168 1185 84
8 534 89 2034 203 o2 64
Madn/tree 994G 217 1689 1499 895 06
Mean/shoot 41 38 21

There was moderate variation in depositamong
branches (as represented by 4-sheot-means) by
aspect and canopy level (Tables 6a,b) with the
coefficients of variation averaging 60% for fir and
140% for spruce (Appendix Tables 11-3, -4). That
variation resulted partly from the position of each
















































that without treatment (higher larval survival), Plots
A, B, and C would have suffered even more severe
defoliation.

The defoliation estimate made after pupation,
using the modified Fettes Method, showed foliage
foss (Table 14} consistent with the progression of
damage shown in Fig, 13. The percent defoliation
shown in the two sets of data are not directly
comparable because the assessment methods differ.
The Defoliation index summed for Plots A, B,and C
(Table 14) averaged 4.1 for fir (55-75% needle loss)}
and 1.7 for spruce (10-20% needle loss). The Check
Plot values were 5.1 for fir (80-90% needle loss) and
1.4 for spruce (5-10% needle loss).

The higher defoliation rate on fir can be partly
accounied for by the higher population density in
mid June on fir (170 larvae/m? or 140 larvae/1000
shoots), compared to spruce (130 larvae/m2 or 90
larvae/1000 shoots}. However, the density of fir
shoots was substantially {ca. 25%) reduced by frosts
May 18-24, while bud abortion on spruce was
relatively light (ca.5%), probably because of the late
flushing. The peoint is that spring frost damage to
buds, differentiating among host trees, can influence
the relative severity of defoliation by increasing the
larva/shoot ratio. It is because a compiex of faciors
aftects foliage production and retention, ratherthan
budworm alone, that defoliation was rejected as the
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index of spray efficacy.

On neither host was there any evidence of farval
back-feeding (consumption of 1981 foliage by
mature larvae) in 1982, as anticipated from the
larva/shoot ratios noted earlier.

Table 14. Defoliation indices for fir and spruce drop
tray trees, one midcrown branch pertree,
from survey in Plots A, B, C, and Check,
Magundy, July 26, 1982,

Fir Spruce
Shoots Defatiation Shoots Betoliatian
Plat axamined index examined index
Al a8 18 108 1.5
2 294 49 267 14
81 I 4.9 34 1.8
2 55 42 59 2.0
4 79 4.0 146 1.6
4 120 29 945 14
[o3R1 147 4.8 186 1.3
2 73 4.0 il a3
Total 926 Mean 4.3 Total 981 Mean 1.7
Detoliation 65% Dalctiatior 9%
Check 1 58 5 136 1.4
4 28 54 R 14 1.4
Total .ﬁ-g Mean 52 Totai 233 Mean 1.4
Deloliation 93% Detaliation 5%
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APPENDIX |

Details of sample tree sizes and differences

Appendix Table 1-1. Measurements of sample trees at Magundy., 1882,

Appendix Table [-2. Statistical differences within and between piots by sample tree dimensions, Magundy,
1982



Appendix Table [-1. Measurements of sample trees at Magundy, 1982.
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BALSAM FIR RED SPRUCE
Total Crown Total Crown
Tree DBH Height Volume DBH Height Volume
Number (cm) {m) (m3) {cm) {m) {m?3)
PLOT A
] 11.5 8.2 7.2 8.0 6.0 3.4
2 145 8.0 16.8 10.5 6.1 4.1
3 1.0 5.8 6.9 11.0 8.2 9.8
4 10.0 7.3 4.2 8.0 6.1 3.0
5 11.0 7.8 2.1 11.5 7.5 52
6 11.0 7.4 38 8.0 6.0 2.9
7 12.5 7.5 47 8.0 6.1 2.4
8 10.0 6.8 4.1 9.0 6.5 3.6
PLOT B
1 10.5 7.2 29 11.0 7.8 6.6
2 10.0 7.8 a.7 9.0 7.3 1.9
3 115 8.3 4.0 85 6.2 2.4
4 10.5 8.5 26 7.0 5.8 1.9
5 11.0 8.3 4.2 7.0 5.1 2.1
8 13.5 9.2 6.7 9.5 7.6 5.0
7 8.0 5.4 22 11.0 6.4 6.8
8 12.5 86 5.4 13.0 8.0 9.0
PLOTC
1 13.5 8.5 15.2 8.0 5.8 2.9
2 16.0 10.0 8.4 8.5 59 3.0
3 13.0 9.7 58 8.0 6.1 3.7
4 125 9.9 8.5 7.5 5.3 1.9
5 12.5 a.5 11.6 9.0 6.0 3.0
6 10.0 10.6 5.5 7.5 5.4 2.5
7 12.0 8.7 4.4 11.5 7.4 6.5
8 18.5 12.0 24.9 10.0 5.8 4.4




Appendix Tabie I-2,

Statistical differences within and between plots by sample tree dimensions, Magundy,

1982. (Derived by Students t-test, df = 7).

Variabie

DBH

Total Height
Crown Volume

Variable

DBH

Total Height
Crown Volume

Variable

DBH

Total Height
Crown Volume

Plot A

ns
ns

AvsB
ns
ns
ns

AvysB
ns
ns
ns

Wwithin plots {Balsam fir vs Red spruce)

Plot B
ns
ns
ns

Between plots (Balsam fir}

AvsC
ns

La s

ns

Between plots {Red spruce)

AvsC
ns

* &

ns

Plot G

* *

-

Bvs C
ns

ns

“* significantly different at P.<0.01
* significantly different-at P < 0.05
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APPENDIX II

Variability of spray deposits.

Appendix Table -1,

Appendix Table §1-2.

Appendix Table {1-3.

Appendix Table 1i-4.

Coefficients of variation {%) by aspect and canopy level on balsam fir (rhodamine
fluorometry) from mean deposit/4 shoots, Magundy, 1982.

Coefficients of variation (%) by aspect and canopy level on red spruce (rhodamine
flusrometry) from mean deposit/4 shoots, Magundy, 1982,

Pearson product-moment correlation coefficients for the relationships between two
measures of spray deposit (rhodamine ng and droplets/old needle) on balsam fir,
Magundy, 1982.

Pearson product-moment correlation coefficients for the relationships between two
measures of deposit (rhodamine ng and droplets/old needle) on red spruce, Magundy,
1982.
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Appendix Table I-1. Coefficients of variation (%) by aspect and canopy level on balsam fir {rhodamine
fluorometry) from mean deposit/4 shoots, Magundy, 1982.

C.V. Piot
Level
Leve} Plot A Plot B Piot C Mean mean
Upper W 55.6 70.4 701 65.4
E 43.3 47.5 75.3 55.4
S 60.0 50.7 81.56 64.1
N 69.9 72.9 71.9 71.6 64.1
Middle W 121.6 76.8 79.3 926
E 62.0 41.6 69.3 K78
S 51.6 65.7 58.4 58.6
N 77.8 63.8 73.6 71.7 70.%
Lower W 5.0 87.8 574 68.1
E 43.6 46.2 37.7 42 5
S 74.6 56.8 62.6 64.8
N 56.8 38.1 57.3 50.7 56.5
Means 78.7 78.3 68.9
{Aspect) 49,6 45.7 60.8
62.1 57.7 67.6
68.2 58.3 67.6 £83.6

Means (plot) 64.6 60.1 66.7 63.6
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Appendix Table [I-2. Coefficients of variation (%) by aspect and canopy level on red spruce (rhodamine
fluorometry) from mean deposit/4 shoots, Magundy, 1982.

C.V. Piot
Levei
Level Plot A Plot B Plot C Mean mean
Upper W 132.2 212.3 129.2 158.2
E 231.0 103.6 56.6 130.4
s 233.0 2042 110.1 179.1
N 184.4 110.0 94.2 129.5 148.3
Middie W 150.0 103.4 127.7 127.0
E 152.0 135.2 82.2 123.1
S 2346 159.9 108.6 167.7
N 78.8 246.2 94,1 138.7 139.4
Lower W 248.6 88.6 58.8 132.0
E 2388 63.1 95.3 132.4
bS] 214.5 119.6 66.8 133.6
N 177.9 89.5 1102 129.2 131.8
Means 177.3 134.8 105.2
{Aspect) 207.3 100.6 78.0
2740 161.2 a5.7
147.0 151.9 99.5 140.7

Means (plot) 188.9 138.1 94.5 140.2
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Appendix Table i1-3. Pearson product-moment correlation coefficients for the relationship between two
measures of spray deposit {rhodamine ng and droplets/old needle) on balsam fir,
Magundy, 1982

PLOT A PLOTH PLCT C
Tree
10, Corr. Prob. Corr. Prob. Corr. Prob.
(N=48) coeff. =R coeff. =R coeff, > H
1 0.52 .00 0583 3.0001 0.24ns 0.1078
2 0.57 0.0001 0.35 0.0141 0.41 (.0636
3 0.69 {1.0001 0,75 0.0001 -5.04ns (.8096
4 0.44 0.6015 0.37 0.0157 3.35 0.0147
5 0.69 (.0001 .47 0.0007 0.46 {.0009
8 0.67 0.0001 0,58 {3.0001 0.54 0.0001
7 0.37 0.0085 0.58 0.6001 -0.06ns (.6768
53 0.40 (1.0044 0.43 3.0024 (.39 0.0067
By plot 0.59 0.0001 0.50 0.0001 0.52 0.0601
{N= 384)

Unsorted (N =1152) correlation coefficient = 0.61
{Pooled) {.0001

Appendix Table |i-4. Pearson product-moment correlation coefficients for the relationship between two
measures of spray deposit (rhodamine ng/shoot and droplets/old needle) on red
spruce, Magundy, 1982,

PLOT A PLOTH PLOTC
Tree
no. Corr. Prob. Corr. Prob. Corr. Prob.

{N=48) coeff, >R coeff. =R coeff, >R

1 0.35 0.0160 (.54 0.0001 (.08ns 0.5965

2 0.46 0.0009 0.08ns 0.5699 -0.23ns 0.1093

3 0.34 0.0188 0,69 0.0001 - -

4 {0.04ns 0.7950 .56 0.0002 - -

5 .64 0.0001 0.22ns 0.1334 - -

6 0.55 0.0001 0.50 0.0003 - -

7 {3.22ns {.1397 0.04ns 0.8244 -0.08ns 0.5708

8 0.43 0.0021 $.06ns 0.6788 ~0,27ns 0.0670
By plot g.22 £.0601 0.7 0.0007 0.1 0.0329
{N=384)

Unsorted (N =1752) correlation coefficient = 0.15
(Pocled) 0.0001
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APPENDIX Hii

Insecticide deposit by GC analysis

Appendix Table 1i-1. Fenitrothion deposit (ug/g) analyzed from balsam fir foliage from midcrown fnorthand
south aspects) in Plot B, and from fir and spruce midcrowns in the Check Plot,

Magundy, 1982,
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Appendix Table 1111, Fenitrothion deposit (ug/g) analyzed from balsam fir foliage from the midcrown {north
and south aspects} in Plot B, and from fir and spruce midcrowns in the Check Plot,

Magundy, 1982,

Insecticide deposit, fenitrothion (ug/g)

Crown PlotB Treeno. Check®
Date aspect 1 2 3 4 5 6 7 8 Fir Spruce
June 4 N 208 484 655 907 445 1061 353 482 043 021

233 265 191 509 769 768 210 254 019 022

June 6 N 120 321 396 353 669 263 443 607 074" 086
193 192 342 150 3.02 217 368 406 013" 0.08

June 8 N 373 1.39 483 068 260 422 101 223 023 012
159 126 429 289 282 335 177 287 105% 0.4

June 10 N 141 147 229 075 196 196 053 183 012" 005"
205 141 315 175 109 216 091 222 017 007

*Samples on June 6, 8, 10 in the Check Plot were gathered randomly in the midcrown without reference to
aspect; the designations N and 8 do not apply.
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APPENDIX IV

Droplet diameter spectrum

Appendix Figure IV-1. Distribution of diameter classes (converted from stain diameters) from 529 dropiets

impinging on old and new needles colfected from shoots at 3 levels and 4 aspects on
8 fir trees in Plot A, Magundy, 1982.

Appendix Table IV-1.  Diameter class distributions by numbers and mass for droplets sampled from balsam

fir neadles {old and new shoots) taken from 3 levels and 4 aspects in Plot A,
Magundy, 1982.
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Appendix Figure V-1,

30 40 50
Flying diameter,microns

Distribution of diameter classes {converted from stain diameters) from 599 droplets
impinging on old and new needles collected from shoots at 3 levelsand 4 aspectson

& fir trees in Plot A, Magundy, 1982,



Appendix Table [V-1.

44

Diameter class distribution by numbers and mass for droplets sampled from balsam fir

needles (dld and new shoots) taken from 3 levels and 4 aspects in Plot A, Magundy,

1982,
Size class
Mean diam (1) 9 17 26 34 43 52 60 69
# drops 53 87 135 111 68 52 33 30
% in class 8.84 14.52 22 55 18.53 11.35 8.68 5.51 5.01
Mass/drop {g) 481877  324E%  116E-Y  2.50B°  524E°  9.2887° 1.42E™ 2 17
Sum mass (qQ) 25565 D.8PE"T  157E° 287E°%  35BE"®  4.82E° 469  B51E
% of mass (. B.30E7  6.97EY  3.88E%  7.00E7  8.80E? 1197 1.18E" 1.61E"
% 0.08 0.70 3,88 7.09 8.80 11.90 11.60 16.10
Cum. %
of mass 0.06 0.76 4.64 11.73 20,53 32.43 44.03 60.13
Cum. # drops 53 140 275 386 454 506 539 569
% # 8.84 23.36 4591 6444 75.79 84.47 89.98 94,99
mass 2 55E° 3.08E"¢ 1,887 A75E B.31E 13167 1.78E 2 43E7
Appendix Table IV-1.  (Continued)
Size class
Mean diam () 78 86 o) 104 112 121 129 TOTALS
# drops 30 10 7 5 1 1 1 599
% in class 501 1.67 1.7 0.83 017 017 0.7 100.00
Mass/drop (g) 313670 420E™  BB6E  745EY  927E 1ATET 1428 --
Surn mass (g) 9395  4.20E™  3.96E” 37280 927Et 1A7EY 1428 -~
% of mass oy 7.74E2 T.27ET? 70087 947E? 2208 289EF  351E -
% 7.74 707 7.00 9.17 2.26 2.89 3.51 100.00
Cum, %
of mass 60.13 67.87 75.14 82,14 a1.31 93.60 96.49 100.00
Cum. # drops 579 586 591 598 587 598 599
% ff 96.67 9783  98.66 99.49 99.66  99.83  100.00
mass 2 74E%  R04EF 332877 369E?  3.79E 300 4.04E°F
Numpers mean diam. = 362 p No. of dropiets = 599
Mass mean diam. = 46.7 u Sampled mass = 404E7g
Mass median diam. = B3 p Mass of average droplet = BT4E"g
Numbers median diam. = 28 u Assumptions; Spread factor 2.9
Specific gravily = 1.26
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APPENDIX V

Weather records

Appendix Table V-1. Temperature and sunshine during the spray window, Magundy, May 17 -June 18, 1982.

Appendix Table V-2. Daily weather data, Magundy, June 4-10, 1982.
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Appendix Table V-1. Temperature and sunshine during the spray window, Magundy, May 17 - June 18, 1882.

Temperature {(°C) Degree-days Hours of
Date Max. Min. {base 5.56°C) Sunshine
May 17 186 2 119 13.5
18 19 -7 123 14.3
19 22 -8 129 10.5
20 26 -3 140 57
21 16 -3 144 : 14.3
22 19 -9 148 14.3
23 22 -4 154 14.3
24 15 -4 158 3.2
25 20 4 163 4.4
26 3 0 175 14.0
27 23 7 181 14.3
28 27 0 190 13.6
29 27 B 201 10.7
30 29 10 212 15.9
31 29 6 224 5.2
June 1 27 12 238 7.6
2 17 12 247 0.0
3 20 5 254 14.0
4 23 2 261 14.3 (Spray day)
5 24 7 271 12.2
8 24 4 280 11.5
7 21 8 288 0.0
8 27 6 399 104
9 30 6 3 7.0
10 27 8 323 13.7
11 24 6 332 8.5
12 24 3 340 12.6
13 17 7 346 6.1
14 12 8 350 0.0
15 24 10 361 5.1
16 20 10 370 0.5
17 24 9 381 3.5
18 28 6 392 10.2
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Appendix Table V-2. Daily weather data, Magundy., June 4-10, 1982,

Post-spray period (days)

Spray
day +1 +2 +3 +4 +5 +8
Temperature (°C) - max 23 24 24 21 27 30 27
- min -3 7 4 8 6 6 8
-~ mean 10 15 14 14 16 18 17
Degree-days (base 5.6) 7 10 9 8 11 12 12
- seasonal accumuliation 261 27 280 288 299 311 323
Relative humidity (%) mean 52 b5 54 23 44 48 58
Sunshine* (h) 14 12 11 0 10 7 14
wind* (km/h) - mean 10 12 21 17 14 4 14
- max 26 26 41 28 24 19 22
- direction 5 35W NE NE ENE E E
Precipitation {mm) 0 0 0 0 0 0 0
Sky Ctr Clr Clr Ovt Clr Cir Cir

* Wind and sunshine were measured at Fredericton.
Clr = clear, Ovt = overcast.
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APPENDIX VI

Tallies of spruce budworm larvae collected from Plots A, B, C, and Check Plot, fir and spruce, May and June
1982, Magundy

Appendix Table VI-1. Counts of larvae falling from fir trees to drop trays, Magundy, May 28-June 22, 1882.

Appendix Table VI-2. Counts of larvae falling from spruce trees to drop trays, Magundy, May 28-June 22,
1982,

Appendix Tabie VI-3. Status and habitat of larvae collected from midcrown branch samples from balsam fir
and red spruce, Magundy, May 13-June 24, 1982,
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Appendix Table VI-1. Counts of larvae falling from fir trees to drop trays, Magundy, May 28-June 22, 1982,

Date A (8 trees) B (8 trees) C (8 trees) Check (4 irees)
Pre-spray
May 28 15 15 15 20
May 31 27 24 10 15
June 1 28 24 20 26
June 3 18 8 39 _8
Total 88 71 84 69
Spray day
June 4 #1 63 76 99 71
#2 285 155 249 17
June 5#1 530 318 470 31
#2 269 120 152 17
June 6 #1 448 262 337 23
#2 155 98 108 11
June 7 #1 369 229 177 10
#2 44 26 53 13
June 8 #1 310 217 ‘ 182 18
#2 71 55 63 7
June 9 #1 248 178 166 21
#2 81 56 60 24
June 10 _248 an _162 24
Total : 3121 1961 2278 287
Wash #1 June 10
June 11 : 1069 1631 3193 No wash 24
June 12 174 130 115 17
June 13 62 39 48 12
June 14 53 34 42 4
June 15 60 46 74 8
June 186 45 35 78 3
June 17 _60 __B6 95 _1
Total 1523 1981 3643 69
Wash #2 June 17
June 18 253 267 241 1108
June 19 37 42 30 31
June 21 37 70 71 13
. June 22 8 A7 44 2
Totai 335 396 356 1154
Grand totals: 5067 4409 6361 1579

Sum: 17416
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Appendix Table VI-2. Counts of larvae falling from spruce trees to drop trays, Magundy, May 28-June 22,

1982,
Date A (B trees) B {8 trees) C (8 trees) Check (4 trees)
Pre-spray
May 28 3 4 2 2
May 31 1 6 1 0
June 1 2 1 2 G
June 3 2 g 2 0
Total 8 12 T Z
Spray day
June 4 #1 11 4 8 0
#2 70 B 13 0
June 5 #1 92 27 30 2
#2 35 2 14 0
June 6 #1 34 16 19 0
#2 29 13 8 2
June 7 #1 27 20 3 it
#2 2 2 7 1
June 8 #1 16 13 B 1
#2 8 6 6 3
June 9 #1 8 5 9 G
#2 4 7 4 1
June 10 _15 _3 _6 a1
Total 51 126 133 9
Wash #1 June 10
June 11 516 258 565 Nowash O
June 12 79 19 34 2
June 13 39 7 8 0
June 14 20 8 13 2
June 15 13 1 4 0
June 16 7 4 5 5
June 17 11 _6 _8 4
Total 685 363 837 9
Wash #2 June 17
June 18 64 109 g6 103
June 19 11 18 10 5
June 21 21 11 5 4
June 22 _8 _19 _5 _3
Total 104 155 116 115
Grand totals 1148 596 893 135

Sum: 2772
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Appendux Table VI-3. Status and habitat of larvae collected from midcrown branch samples from bafsam fir

and red spruce, Magundy, May 13-June 24, 1982.

Tallies

Live in habitat

Percentages

Live fraction = 100%

Date Dead Needles Buds Free” Total Dead Needles Buds Free®
Balsam fir

May 13 33 628 27 23 711 5 93 4 3

16 59 504 38 33 635 9 88 6 B

19 89 281 54 36 460 19 76 14 10

24 85 103 307 62 567 17 20 65 13

27 14 25 262 64 365 4 7 75 18

31 44 0 329 129 502 9 0 72 28

June 2 33 3 328 92 456 7 1 77 22

5 145 0 261 86 492 29 0 75 25

7 125 0 212 75 412 30 0 74 26

e} 99 0 145 109 353 28 0 57 43

14 60 0 158 104 321 19 0 60 40

18 73 0 127 106 306 24 0 55 45

24 35 0 87" 92 194 18 0 42 58
Totals 804 1544 2315 1011 5774 16%

Red spruce

May 13 14 335 11 26 386 4 a0 3 7

16 56 241 53 38 388 14 73 16 11

19 26 142 12 24 204 13 80 7 13

24 17 73 32 29 151 11 54 24 22

27 12 37 56 43 148 8 27 41 32

K 25 11 78 35 149 17 9 63 28

June 2 11 0 107 87 205 5 0 55 45

5 17 0] 163 65 245 7 0 71 29

7 32 0 41 31 104 31 0 57 43

9 22 0 57 86 165 13 1] 40 60

14 9 0 73 83 165 5 0 a7 53

18 11 0 67 72 150 7 0 48 52

24 1 0 42 79 132 8 0 35 65
Totals 263 839 792 698 2592 10%

“Eree” indicates that larva had become dislodged from its habitat and was found crawling randomly.
** Almost half the collection on June 24 was of pupae.
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APPENDIX VI

Daily drop tray tallies of budworm larvae relative to crown aspect

Appendix Table ViI-1. Larval fallout under fir, May 28-June 22 1982, from the multiple drop tray trees in Plot
A, Magundy.

Appendix Table VII-2. Larval faliout under spruce, May 28-June 22 1982, from the multiple4rop tray treesin
Plot A, Magundy.
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Appendix Table Vil-1, {Continued)

3iree

ir#

Baisam F

Post-Wash

Adjustment

Post-Spray

Pre-Spray

June
1

30,

May

Tray
Section

Total

22

18 2%

17 18

16

11 12 13 14 156

10

2

28 29 3

27

12

4 10 12 5

17 29

North |

20

59 273

3 10 5

14

16

14

27 39 28

Total

11
0
0

East

55

100

18

10

11

12

2

Total

15

8 12

15

12 2%

South |

24 30 35

272

38

13 9

1€

13

19 20

15

Total

17

West i

20

112

27

10

21

Total

787

i & 12 142 10 18

15

37 25

54 40 42

72 B7 95 41

4

Toial




Appendix Table VII-2. Larval faliout under spruce, May 28-June 22, 1982, from the multiple drop tray trees in

Magundy.

Plot A,

Post-Wash

Adjustment

Red Spruce #1 iree

Post-Spray

Pra-Spray

June

30,
28 29 3t

May

Tray

Total

22

19 21

18

13 14 15 15 17

12

11

0

z

1

Section

North |

14
4]

20

41

20

Total

East

56

M
O

24

Total

Sputh

=20

37

Total

West

a7

15

o

Total

138

11

48

0

15

11

Total




Appendix Table VII-1. (Continued)

Balsam Fir #3.tree

Post-Wash

Adjustment

Post-Spray

Pre-Spray

June
1

30,
28 29 31

May

Tray
Section

Total

22

19 21

18

12 13 14 15 16 17

11

10

2

27

10 12 5 8 12

14

17 29

North |

20

59 273

0 8

6 6 14 13

14

27 39 29

Totaj

17

11

East

55

100

18

110

12

2

Total

15
23.

15 8 12

12 21

South |

38 272

13 9

16

15

19 20

24 30 35 15

Total

17

West |

11z

27

10

21

Total

757

142 10 18 &

12

6

10

37 25 15

54 40 42

72 87 95 41

4

Total




Appendix Table VII-2. Larval fallout under spruce, May 28-June 22, 1982, from the multiple drop tray trees in

Magundy.

Plot A,

Red Spruce #1 tree

Post-Wash

Adjustment

Post-Spray

Pre-Spray

June

30,

May

Tray

Total

22

19 21

18

2 13 14 15 18 17

11

10

2

1

Section

28 29 3

Norh 1

14

M

41

20

Total

!

East

56

24

Total

South

20

37

Total

.

West

a7

15

Total

134

17

48

O

W

1

Total




Appendix Table VII-2. {Continued)

Red Spruce #2 tree

Post-Wash

Adjustment

Post-Spray

FPre-Spray

May 34 June
28 28 X

Tray
Section

19 M

22 Total

18

12 13 14 15 16 17

11

10

2

1

Naorth |

16

%

41

21

Total

East

Y

57

27

Tolal

South |

ot

13

Toial

i

West

26

Totat

107

13 7

34

0

12

10

Total




Appendix Table VH-2. (Continued)

Red Spruce #3 tree

Post Wash

Adiustment

Post-Spray

Pre-Spray

June

30,

28 29 3

May

Tray
Section

Totai

22

18 21

18

1213 14 15 1§ 17

11

0

2

1

North |

=0

31

Total

H

East

58

20

17

Totat

South |

18

Total

Wesi

20

13

Total

79

11

11

11

Total
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APPENDIX VIil

Relationships between spruce budworm larval fallout (efficacy %) and spray deposit,

Appendix Table VII[-1. Larval failout % (fallout June 4-10/fallout May 28-June 22} and associated spray

deposit (rhodamine ng and droplet counts} on single balsam fir frees, Magundy,
1982,



60

Appendix Table VHI-1. Larval fallout % (fallout June 4-10/fallout May 28-June 22} and associated spray
deposit (rhodamine ng and droplet counts) on single balsam fir trees, Magundy,

1982.
Rhodamine
in vert. Droplets
Larval col. 24 Rhodamine in vert, Croplets/
fallout samples /shoot col. max. sample
Tree no. {%) {ng) (rig) 8 samples {10 needles)

Plot A

1 852 2738 114 105 7.5

2 66.9 1610 67 65 10.8

3 65.9 1415 59 62 10.3

4 57.8 863 36 35 58

5 48.4 1032 43 48 8.0

6 46.9 1418 59 42 7.0

7 52.7 944 29 21 35

8 75.7 1438 60 39 6.5

Means 59.9 1432 60 52 2.6
Plot B

1 458 336 14 5 0.8

2 43.8 684 28 22 3.7

3 47.0 540 22 18 3.0

4 43.1 888 37 113 18.8

5 45.2 1032 43 72 12.0

8 3158 622 26 51 10.2

7 31.2 471 20 21 3.5

8 37.3 564 24 51 8.5

Means 40.6 642 27 45 7.6
Piot C

1 50.6 225 9 14 2.3

2 30.0 200 8 11 1.8

3 218 181 8 1 0.7

4 59.8 411 17 8 1.0

5 46.8 399 17 16 2.7

G 39.8 601 25 23 3.8

7 12.3 179 7 1 0.2

B 16.4 508 21 43 7.2

Means 347 338 14 14 2.4
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