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Dropiet Diamuter {microns)

10
20
50
160
200
300
500

{a) from Himel (1969) p. 820

sect control was the effect of Jlow refa-
tive humidity., When the humidity
dropped below 70%, insect control
declined. In 1977, 2 comparatively
humid vear, excellent insect control
was obtained with all of the standard
insecticides. It was determined that
rapid evaporation of the smaller, in-
secticiddly cffective droplets was a
major factor in poor inscct control.
Droplet size s of major importance
in insect control. Very fine droplets
(fess than 30 microns or ¥#500th inch in
diamecter) of short restdual insceticides
appear to be highly effective in con-
trolling insects, These small deoplets
impinge on the sclae and other pasts of
the insect’s body. A larper droplet may
strike the pest causing mortality; how-
cver, the smaller droplets increase the
probabibity of hitting the target pest,
According to Himel and Moore!, 93
percent of the mortality of tobacco
budwormy (Heliothis virescens), cab-
hage fooper (Trichoplusia ni) and boll
weevil (Anthonomus grandis) was
caused by droplets less than 50 mi-
crons in diameter. Later, Himel® re-
parted that if the optimum droplet size
is wround 20 microns, then our prescent
spray elficiency is aboul 1% or less,
Of almaost cqual importance is the
etfect of droplet size on coverage and
penciration of the canopy. Higher vol-
umes of spray arc generally recom-
mended in an clfort to obtatn more
complete coverage and better penetra-
tion of the plant canopy. It is true that
increasing volume will increase num-
bers of droplets and, therefore, cover-
age. However, since coverage is
primarily « function of numbers of

» No. apray dl:ople!s
per square inch

1,148,000
143,000
9,224
1,164

142

43

a

droplets, & more practical way to in-
crease it s to break the spray up into
small drops. Each time the average
drop size is divided in hall, the number
of drops is increascd approximalely 8
titmes. These data are presented in
Table 1. Thus, one gallon of spray per
acre diviled into 50 micron drops will
produce the same coverage as 64 gal-
fons applicd in 200 micron drops.

A third major advartage of very fine
dropiet sprays is their ability to pene-
trate through very small openings in
the bud tissues and bencath bracts
enclosing squares and bolls where the
bhollworm and boll weevil live and
feed., Additionally, fine droplets, be-
cause of their eadency to flout on air
currents, penetrale plant canopies
more efficiently, are deposited on the
undersides of the leaf, and deliver
more msecticide (o the lower portions
of the plant, This gets the insecticide
out of the sunlight and slows the rate of
ultraviotet degradation, This in twen,
extends the efficacy and increases the
control of the bollworm and budworm
moths that spend the day down in the
CHnOpy.

Since mites and whitelies live al-
most exclusively on the undersides of
the leaf, only fine droplet sprays can
reach them.

Liarger drops, due to their greater
verticle velocity, tend to impinge on
the upper sutface of the leaves.

Despite the many important advan-
tages of small particke sprays, there are
i number of sertous disadvantages,
The most serious of these is the rapid
rate of cvaporation of the insecticide
caericrs, In practice, this s almost

ariversully water. Seymour and Byrd?
projected that an 80 micron waler
droplet fadling through air at 70% rela-
tive hemidity wil disappearin approx-
imately 8.5 sceonds, During that time,
the 80 micron drop will Tall less than 2
fect! A 50 micron drop will last only
about 2 seconds, Figurc 1 shows this
relationship. Boise! reports that evap-
oration and tiguid density are ofien
averlooked as factors contributing to
the drift of sprays. A spray mixtore
that ts 95% water will evaporate read-
ily, with & 100 micron diameter drop
bemyg reduced to a 40 micron drop in
about 15 scconds when the air tem-
peratire is 801 and relative humidity
is 50%.

Even though the solfvents and emul-
sificrs in the insecticidal formtlations
reduce the rate of evaporation some-
whatl, it is still extremely difficult (o get
an appreciable pereentuge of the ap-
phicdl tasecticide into a ¢otton ¢crop in
an efleetive droplet size eange as long
as waler 18 used as the principal car-
ricr. Thus, evaporation can be reduced
by using low-volatile spray carriers in
hieu of water.

A large number of low volatile maje-
rials may be used as substitutes for
walcr as insecticide carricrs, Wright®
suggested that when concerned with
evapoaration on a real hot, dry day, to
add some propylene glycol or even
cthylene glycol to the spray mixture.
{n the inilinl screening a number of
criteria were used for selecting candi-
date carriers for inclusion in these
studies:

t. relatively non-volatite

2. non-phytotoxic

3. compatible with insecticides

4. non-corrosive and non-damaging
to aireraft compoenents

5. non-flammable

6. relatively non-toxic

7. physical characteristics as close to
water as possible or at least spray-
abte through systems in currenl use
without major modifications

8. mexpensive {or thetr cost o be
more than offset through reduction
of imsecticide required)

9. cleared for use on crops

Small plot studies on two month old
cotton were conducted during (978 on
insccticidal formulations contoining

DOWN TG EARTH, Vol. 36 Mo, 1, Fall 1579 3
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is not the rcason why the basal metabolic rates
of different persons vary according to the sur
face area; imstead, this relationship is only an
empirical one.

Referring once again to Figure 660 it will be
noted that the total number of Calories liberated
by the patient per hour is divided by his total
hody surface area of 1.5 square meters. This
means that his basal metabolic rate is 48,3 Calor-
fes per square meter per hour.

Method for calculating the rotal surfoce
aretr, The surface area of the hoady varies ap-
proximately in proportion to weight ©97, Iow-
ever, more gceurste measurcments of the Dody
surface area have shown that it ean De deter-
mined more accurately by a complicated formula
based on woight and height of the subject as
follows:

Body surface arca =

Weight 0425 % leiglit 0728 ¢ 0.07184
Figure 661 presents a graph based on this for.
mula. In the formula and in the figure, body sur-
face arvea is expressed in squarc meters, woight in
kilograins, and height in centimeters,

20 3 40 %0 60 T 80 %0 KO M e
IR PR WA RN,
lﬂ‘( ‘F\ AN \\H‘i_ .
E 180§y \\ \ R '[\\ =)
§ ™ \:\\\\g_;‘%@gi‘;m 5
z L T
A I R U O N N B
Z R NN TN T L [
PREMNR NN 2
g T ' T
Y iIO\Q\{m.s\.w\I.\_}, A0 R -
. s , D8 R SO T R O
00630 45\ P T S bR P/

WEIGHT N KILOGRAMS
Figure 661, Nelationship of height and weight
te body surface area, (From DuBois: Metabolism in
Health and Disease. Loa & Febiger,)

Expression of Basal Metabolic Rate In
Torms of Welght, Measuremont of tho basal
metabolic rotes of many diferent species of ani-
mals has shown that the rates do not vary pre-
cisely in proportion to the bedy surface area.
Instead, in animals ranging in size from the
mouse to the horse, the basal metalolic rate has
been found to be proportional to weight 0734,
Bocause esurface arca is approximately propor-
tional to weight %7, it is obvious that corrclat-
ing basal metaholic rates between animal species
on the basis of surface areas would be in extreme
error. This fact has comsiderable implication in
human physiclogy and in clinical mcdicine, for
some physiologists belicve that even in compar-
ing basal metabelic rates between human beings
the factor weight ©7% ghould be used instcad of
aurface area. [f this is true, overweight subjects
world have to have basal metabolic rates con-
siderably above the mean as based on the sur-

METABOLISM AND TEMPERATURE REGULATION

face area method in order to be normal, and very
thin subjects would have to have basal motabolic
rates considerably less than the mean as based on
the surface area moethod in order to be normul

Expression of Basol Metabolic Rate in
Percontage Above or Below Normal. I
Fig. 659 it will be noted that the hasal metabolw
rate varics tremendously with age; also, males in
general have a basal metabolic rate approxi
mately 8 per cent grealer per square meter thap
that of females. Therefore, to compare the basal
metabolic rate of any one subjeet with the normaf
basal metabolic rate, it is neecssary to vefer o
a chart such as that in Figure 659, which gives the
normal basal mectabelic rate per square meter af
each age and for cach sex. Once reference has
been made to such a chart, the hasal metabolic
rate is ordinarily cxpressed as a percentage ahave
or below normal, For example, in Figure 659 the
normal basal metabolic rate for a 20-year-old
male is shown to he 385 Calories per squarr
meter per hour. Thevefore, if the particular pa
tient represented in the calenlations of Figure 660
is a 20-year-old male, he liberates 9.8 Calories
per square meter per hour above the normal
mean value. It is then determined that this is
25.5 per cent above normal. Therefore, the basad
motaholie rate is, expressed as plas 25.5. Similarly,
basal metabolic rates below normal are expressed
as minus values,

Constancy of Basal Metabolic Rate in
the Same Person. Basal mctabolic rates
have becn measured in many subjects at
repcated intervals for as long as 20 or more
years. As long as a subject remains healthy.
almost invariably his basal metabolic rate
as cxpressed in pereentage of normal clocy
not vary more than 5 to 10 per cent.

Constancy of Basal Metabolic Rate
from Porson to Person, When the basal
metabolic rate is measured in a wide variety
of different persons and comparisons arc
made within single age, weight, and ses
groups, 85 per cent of normal persons have
been found to have basal metabolic ratex
within 10 per cent of the mean, Thus, it is
obvious that mcasurements of metabolie
rates performed under basal conditions offir
an excellent mcans for comparing the rates
of metabolism from onc person to another.
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