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Introduction

This collection of material has been assembled in
response to a growing interest in the use of low-cost, small-
format aerial photography in the management of agricultural
resources. Together, these articles serve to document the
prevailing level of interest in the subject and provide an
insight as to what can reasonably be expected from the use of

this powerful agricultural management tool.

William H. Anderson

Applications Scientist, Agriculture
EROS Data Center

Sioux Falls, SD 57198

May 25, 1980
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INITIAL PROJECT:
5,000 acres of potato fields
done on weekly basis

PHOTOGRAPHY AND PROJECT CONTROL

Jack C. McKinnon
of
McKinnon Photo Services

Glenboro, Manitoba
Phone 284



Fig. 5 — Sunflower field. Left half shows heavy
stress from Scleratina Wilt. Dark spots illustrate
mechanical damage or seeding misses.
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Fig. 7 — OQOblique angle from 10,0C0 feet, taking in
several square miles. Shows path of hailstorm in
Bruxelles, Manitoba, arsa.

Processing: The present E-4 system with
tanks in a conwolled water bath is quite
adequate since it will accommodate 200 pictures
in one batch. It is absolutely essential that the
process be done immediately after the flight.
This enables the crop producer to have a very
up-to-date service.

Response of Producers: These observations
are based on the results of a survey and
following lengthly discussions with potato
growers: That pictures of potato fields should
be done every 10 days during growing season.
On a normal year June 30th should be the time
to begin photography carrying on the 10 day
cycle until harvest season which would be early
September. This would mean 6-8 separate
sessions of photography during the season.

Picture Angle: It was the opinion that more
detail was shown from a picture taken straight
down as well as more consistant exposure.
However, an oblique picture can often en-
compass more area as well as enabling the
viewer to identify the particular field.

Scale of Photography: Provided that the field
was not too elongated it was felt that up to 80
acres in one view would show sufficient detail
in the picture. Naturally this scale, approx.
(1:250,000), would not show individual plants
but does show areas of discoloration. In order
to study seeding misses & germination var-
iation an area of about 3 acres or less should be
included in.one frame.

Late Blight Identification: Since there was no
late blight reported in Manitoba during 1975 we
have no conclussive evidence. However, we
were able to show definite variations within
small areas of several fields. The majority of
producers have indicated on their surveys that
this technique would have illustrated the
occurance of late blight.

Commercial Service: Most of the growers
involved with the service have indicated that
they would like to have this service offered at a
commercial level in 1976.

QOther benefits to Potato Growers: Again
many of these ideas originate with the producer
after they studied the photograpns.

Soil variations: Due to the difference in
reflectance shallow topsoil is clearly indicated.
This is due to the fact that clay or sand is often
mixed with the loam due to deep tillage
practises. Having this knowledge the producse-
may alter the type or quantity of fertilizer or he
may choose another variery of crop.

Drainage Parerns: Since moist soi shows
differ=ntly the low lying areas can be easily
illustrated. This could be invaluable informatica
if one were investing in an irrigation system.
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The technique of using color infrared aerial
"photography to detect disease and stress in
agricultural crops has been known for some
time. [n 1967 Frankiin E. Manzen of University
of Maine clearly illustrated how both color and
black and white infrared photography could be
used to detect late blight in potato fields. While
attending the 1975 annual meeting of Plant
Pathologists held in Houston, I was surprised to
discover that omly a handful of people are
actively pursuing this technique. Most of the
present efforts of developing this technique for
practical use are still based with University
research. Consequently, private industry has
not yet arisen to the challenge of providing a
commercial crop surveillance service using
infrared aerial photography.

Our technical research program of 1975 was
intended to develop an aerial crop surveillance
service in Manitoba. As well as developing the
service to a very dependable level it was also
necessary to acquaint the producers with the
benefits of this program. This often required
taking sample views of his fields and helping
him to determine the results.

Throughout Manitoba, from Winkler to
~ Portage to Carberry we undertook to photo-
graph 5,000 acres of potato fields on a weekly
basis. The producers who joined the program
were required to contribute $1.00/acre. The
rest of the expense was born by a Federal
government grant -from Energy, Mines and
Resources, as well as the business involved,
McKinnon Photo, Gleaboro, Manitoba.

Following is an outline of some of the
technical requirements and data of the pro-
gram.

Téchnical Requirements:

*Total Flight Time — 135 hours.

*Aircraft — 140 Cessna

*Pilot — Glen Walleyn (2800 hrs. experience)

*Camera System — Nikon, 35 mm.

*Lenses — 28 mm. - 135 mm.

*Film — [E-135-20 Ektachrome Infrared
EX-13S Ektachrome Color

*Filters — Wratten #12. Wrarten #13.

*Camera Mount — none - handheld

*Processing — E4 process after flight

*Angle of view — vertical, oblique

*Altitude — 300 ft. - 9600 ft.

The aircraft was quite adequate but plans are
being made to install a2 camera mount to shoot
through the bottom of the aircraft. Probably a
172 Cessna will be used. The Nikon camera
system is quite adequate since it has a
mortor-driven system; however ar tmes it would
be an advantage to have a 70 mm., format.
Much more work nesds 0 be done on im filter
combinadons.
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Fig. 2 — Potato fields in Winkler area. Color
variation due to different variety. No evidence of
stress in either field.

Approximately 5000 feet altitude. Notice the loop of
the ancient river bed resulting in soil variations.
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Fig. 4 — Experimental plots at Morden Research
Station. An excellent place to try a variety of infrared
trials. ’




Fig. 1 Acreage Chart
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ACREAGE MEASUREMENT:

At and altitude of 10,000 feet, using a wide angle lens, one
square mile can be included in one frame. Since this material is
usually in the form of transparency, it can easily be projected on ?
a chart as shown in Fig. 1. Then one simply counts the number of
squares since each one represents one acre. This can greatly add )
to accuracy in calculating annual yields as well as providing ——

|
|

timely information with regard to newly cleared land or amount of
a field under water during a flood. , (]

|
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McKinnon Photo Services 1974
Ph. 294 Glenboro, Man.

MECHANICAL ERROR WITH EQUIPMENT:

Since this style of photography provides a clear bird’s eye view of all of the fieids it becomes a
valuable management tool. Double application of Treflan or Atrazine or missed application of a
herbicide stand out very clearly. Uneven seeding practises or damage due to cultivation show quite
clearly. (See Fig. 5). lrregular growth of crops will often indicate soil variations or different practises
of land management in the past.

SOURCE OF FARM RECORDS:

After these pictures. have been done regularly, they become an excellent source of accurate
records, enabling the manager to compare one year’s performance to the next. If used to the fullest
extent, this service could prove to be a valuable tool to assist management decisions in this day of
more sophisticated methods of agriculture.

FUTURE OF THE SERVICE:

Anyone today working in this field of Remote Sensing cannot avoid the excitement of the potential
in this field of agriculturai photography. It is exciting to realize that this technique will become a
necessary part of crop management as our agriculture becomes more inteasified. It is also fascinating
to realize that through these efforts, the world will be better equipped for the critical, increasing
demands to feed the growing world population by helping crop production to become more efficient.

However, change does not come easily. It will be many years before the majority of farmers will
request this service. In only one narrow field of crop production ie. potatoes, have we almost reached
the level of commercial service. In the numerous other applications which have been suggested 1 lot
of further experimenting will be required, as well as developing credibility with the potential user.
The overall program of 1975 has been moderately successful as far as it has gone. Hopefully, in the
years to come, others will join in the efforts to develop this very useful tool to be effective in maay
other fields.

Financiaily, it would not have been possible to devote the necessary time and energy to this project
without the mentioned grant. The Department of Industry and Commerce of the Province of Manitoba
have been most encouraging with offers of financial assistance as weil as a considerabie amount of
technical assistance. Encouragement and technical heip were freeiy given from the many universities,
Department of Remote Sensing. Ottawa and Manitoba, and many members of Departments of
Agriculture. :



Low-Cost Aerial Photography
For Agricultural Management

WILLIAM E. WILDMAN « RUDY A. NEJa * JACKR K. CLARK
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ny agriculturist viewing California

croplands from an airplane at low
aldrude must be impressed by the broad
view he gets. Endre Selds, from 10-t0
640-acre blocks, may be seen in one
glance. Reladve thriftness of plants in
various parts of the feid are easily ob-
served. Patterms of crop variation caused
by nonuniform {erdlizadon, iTigaden,
drainage, salts, soil texture, soil depth,
disease, and insect damage are often more
evident rom the air than they are at close
range on e ground. The economic sever-
ity of the conditons, however, must sdll
be determined on the ground by mesasur-
ing such factors 2s plant growth, crop
vield, product quaiiry, and, uldmately,
net renum.

We became intersstzd in the poten-
dal of low=cost aerial photograpny—using
reiagvely inexpensive planes and hand-
heid 35 mm camera—whnen it 2ppearsd
that we could use this method to dlus-
trate radical differencss in grapevine
gZrowth caused by varying soi depths in
vineyards.

Fig. 1. Uniform iﬁig.:ion on nonuniform soils
causes wide marturity variations. An agditional
main line would allow irrigation to mateh soil

properties
procduct

and procuce 2 more uniform

After about five years experience,
we conclude that aerial photography can
be a useful tool in at least the foilowing
areas: 1. educatio=; 2. evaiuating land for
future vineyards or orchards; 3. compiling
crop histories; 4. monitoring experiment-
al plots; and 5. diagnosing plant
problems.

Educational uses

Aerial photos of coastal valley vine-
yards have been most useful in Extension
educadonal programs to lluswate soil and
cop variation within the same vineyard
block. Nonuniform vine growth often
corresponds with varying soil depth or
texture. Aezal photos emphasize the non-
uniformity, convincng the grower that 2
change in management practcess in exist-
ing vineyards should improve vieid and
quality, and that soils of future vineyards
should be thoroughly invesdgated befors
planzng.

Photos taken during the harvest
period snow the grzatest conwast because
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vines that are drying and defoliating in
snallow soll (cover photo) or coarse tex-
tured soils (fig. 1) differ gready from
vines that sdll have lusn greea foliage
growing on deep- or medium-textursd
soils. Since these contrastng seil depths
or texrures can occur side by side along
permanent sprinkier irrigation runs, large
differences in vieid and quality oftea
resuit. To optmize producton and qual-
iry in such vineyards, a2 change in iTiga-
don management may be sufficient—{for
e=xample, irrigadng lightly and frequenty,
varying sprinkler nozzle size, or, in ex-
Teme cases, plugging the nozzles in areas
of desp soil. However, io some vinevards,
redesigning the sprinkier sysiem may De
reguired to allow blocks of soil to be
irrigated separately from gready concast-
ing areas nearbdv.

Too often, a grower may have
recognized 2 probiem {rom ground obser-
vations but let it remain uncorrected
because ne thought the area affected was
reiagvely smail. Aerial photos oftea show
Zradadons in growth thar indicate the

“problem is more extensive taan the grow-

e realizad,



Evaluating land for future crops

A grower considering 2 permanent
crop should carefully examine the poten-
dal site before plandng. Aerial photos of
bare soil or previous croo growth can
show soil variations that should be inves-
dgated on the ground by such means as
digging backhoe pits. With detailed infor-
madon on variations in soil depth and
texture, the grower is better prepared to
plan the layout of blocks of trees or vines
to match the most uniform soil areas. He
can design irrigation systems to provide
the appropriate water applicadon rate
and frequency for each individual block.
If the soil profile contains shallow com-
paction or deep restricting layers, he can
apply deep tllage or modification treat-
ments before plandng that would be
difficult or impossible to do after the
permanent crop is in. (See fig. 2.)

Crop history

Growers of certain crops would
benefit by having aerial photos taken at
least twice annually. The first photos
should be taken in early midseason when
crop growth is normally vigorous and uni-
form. Corrective measures can then be
taken if crop nonuniformity is due to
variations in irrigation, soil ferdlity, or
pest control.

A second set of photos taken when
part of the crop plants are drying up
while others remain green usually gives
the most information about differences in
soil waterholding capacity or root damage
by soil pathogens. These photos are most
useful in determining whether any major
operations (deep tllage, fumigadon, or
changes in management such as irrigation
design or scheduling) will significandy im-
prove growth in the following years.

Aerial photos taken each vear pro-
vide a record of crop performance and
can be used as 2 means of improving man-
agement practices and justfying their
costs. Mistakes made in ctop management
are often painfully obvious from the air
{fig. 3). If the photos result in improved
management, their relatvely small cost
should be returned many tmes.

Monitoring experimental plots

It is useful to photograph exper-
mental plows ffom the air periodically
during the growing season. Our photos of
vineyard experiments have provided
visuali proof that vine growth in plots
given a light, irequent irrigation based on

tensiometer readings is better controlled
than growth in plots given heavy, infre-
quent irrigations with an early cutoff
based on a calendar schedule.

By analyzing infrared photos of
experimental plots with sophisticated
optical instruments, correlations of plant
health with color tone might be devel-
oped and used as standards for prediction
of commercial crop performancs. How-
ever, many photographic and plant
growth variables would have to be con-
sidered if workable standards were to be
developed. (See figs. 42, 4b, and 4c.)

Diagnosing plant problems

Because most of our photos were of
known plant problems, we seldom diag-
nosed the causes solely from the photos.
However, as aerial photography comes,
into more common use for crop manage-
ment, we expect that both the diagnosing
of plant problems and monitoring effects
of corrective measures will be increasingly
important benefits. Fig. 5 shows one
example in which the photos did pinpoint
the cause of irregular vine growth.

The differences between ordinary
color and color infrared film are not as
dramatic as first expected. But color in-
frared film often shows visible differences
in crops or soils more plainly than color
film, and gives clearer pictures because of
its greater inherent contrast and haze
penetration (because of filtering out of

the haze-scattered blue light). [f we didn’t
have the color infrared, we might miss
some differences which, though visible,
are obscure on color photos.

Taking the photos

Useful aerial photos can be made
using relatively inexpensive cameras and
aircraft that are readily available to grow-
ers, agribusinesses, and researchers.

We used two 35 mm single lens re-
flex cameras, mounted on a single frame
with a pistol grip handle and a double
cable release activated by a single plunger.
One was loaded with color film, the other
with color infrared. They were placed as
close together as practicable and were
aligned to frame exactly the same scenes.
A No. 15 (Wratten or Tiffen) fiter on the
camera containing the color infrared film
fltered out blue light for a proper color
balance. Standard 30 to 35 mm lenses
were used most often, and the aircraft
was flown at the altitude requirsd o
frame the picture desired; however, for
verv large fields and on hazy days, 23 mm
lenses reduced the altitude required for
the picture.

At very low altitudes, the apparent
speed of the ground can cause blurring, so
fast shutter speeds (1/500 or faster) are
necessary. On the other hand, very small
felds may be more conveniently photo-
grapned using a telephoto lens at a higher
aldrude.. Care must be taken, since any
moton of the camera will be magnified
by a telepnoto lens.

Exposures for color infrared film
are not readily obtained using ordinary
light meters. However, a light meter set at
ASA=100 can give a first approximation.
Several exposures should be taken at haif
and full stop intervals above and below
the light meter reading, untl one has had
some experience with the film and cam-
era. Decreases in radiation due to low sun
angles or cloudiness make it difficult to
estimate the exposure, requiring more
than normal bracketing.

Color infrared film does not record
heat differences, but is nevertheless sub-
ject to damage by high temperatures.
Even at normal room temperature, the
flm dyes change with time. To maintain
the most consistent results, the film
should be kept frozen until just before
use, and then allowed to warm to room
temperature before removing from ti«
cannister to avoid condensation of moi:-
ture. Color infrared film should bLe
exposed within a short period of time,
removed from the camera, and refrozen
before sending to the processor, if possi-
ble, in a styrofoam chest containing coid
packs.

Various light aircraft may be used
but some are more convenient than
others. For occasional photography
where no modification of the aircraft is
desired, we find high-wing planes in
which a2 window can be open wide to be
the most versadle.

The procedures outlined will enable
amost any agriculturist to take useful
photos for crop management. However,
commerdal or research photographers
who require high resolution 2erial photog-
raphy shouid install specially designed
aerial camera equipment in planes modi-
ded for the purpose.

We have just scratched the surface
of possible a2pplications of low-cost aeral
photograpny to agricultural and environ- -
mental management. Much more research
is needed to match the responses of
different crops and native species with
different environmental conditions, and
with the resulting characterisdc “tone
signatures” on color and color infrared
Hlms.

6




CALIFORNIA AGRICULTURE

APRIL 1878

Fig. 2. Trenching every fourth vine row 10 place
2 irrigation pipelines loosened - a severely com-
. i pacted soil and produced an unexpected benefit

in young vine growth,

Fig. 3. Uneven aopiication of nitrogen fertilizer
on rice is very evident from the air.,
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We greatly acoreciate support of the aeral
ohoto program by Montersy County Grape
Growers Assoc., Saiinas Valley Vineysrcs, L

e

Wente Brothers, Mirsssou Vineyargs, Paul o hEs.
Masson Vineyarss, Occidental Chemical Co., s :ﬂ 2 "3
Dow Chemical Ce., J. G. Boswell Co., and . -ﬂ' .

Feather River M:. Lassen Christrnas Tree Assoc.
Thanks are also due Dr. Philip Langiey of Eartn
Sacellire Cors. for presaring tne efectronic
image ennancements.

William £. Wiidman is Extension Soiis Soeciai-
&st, Davis; Rucy A. Neja is Farm Advisor ior
Monterey County, Jack K. Clark is
Photograpner, Visual Aigs. Davis. i

Fig. 3. Diagnesis of 2 vineyard proplem was mace by taking aeriai photes 3 few days after floog
irrigation. Smail vines at the ends of the rows correlated with ary surface soils, whiie large vines 3t
™e centers correiated with soil Mat was still morst at the surface. Apparently imoroper leveiing
allowed mest of the water 0 infiltrate the centers.
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Color infrared photos (left and right) of corn sxperimental plots at the Kearney

Figs. 43 and 4b
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Crop problems can't hide when
airborne photographer captures
them on infrared film. Gene Santo
(left), tertilizer specialist with High
Plains Co-op in Grant, Neb., in-
terprets infrared photos he has
taken of uneven millet fields for
member Dale Softly (right).

“The stand looked good until
we saw it on infrared,” says Rod
Fuller (right) of an alfalfa field
photographed by Santo (left).
“We had some real problems |
just couldn’t see on the ground."
Santo's slides help Fuller stay
ahead of trouble during the
growing season.

Photos: John G. White

NOW--Infrared
can spot |
your crop problems

Nitrogen deficiency, drouth damage,
weeds—you may think you see everything
that's happening to your crop.

But these farmers found out otherwise

By JOHN G. WHITE

Taken from : The Farm Journal, December, 1975
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ene Santo reached for the projector switch, and a
maze of reds, magentas, pinks and off-greens
flashed onto the screen.

“You're getting an uneven distribution of water
with this pivot.,” Santo tells the farmer beside him.
“Can you see it? The sprinklers closer to the pivot and
the ones out toward the end are putting out a more
even supply of water. It’s the ones in the middle.”

Santo leans toward the screen and points to the af-
fected rows. Now the difference between the lighter
and darker reds becomes plain.

“What about the bright pinks?” the farmer asks.

“Those are weeds, but not real serious,” Santo says.
“It looks like a place the cultivator missed.”

Weeds and water are just two of the crop prob-
lems which agronomists in the Great Plains are spot-
ting for farmers through the use of infrared photog-
raphy. They can also detect fertilizer deficiencies, esti-
mate yields, spot disease and insect damage or soil
compaction problems. Even the density of Johnson-
grass rhizomes lurking beneath the soil surface can be
identified with infrared film.

Don’t confuse infrared with remote-sensing, heat-
sensing or other high-altitude survey ideas that have
resulted from military and space research. You don’t
need to put up a satellite for infrared. With a little
training, you can learn how to take and interpret the
pictures yourself—with a regular 35-mm. camera.

When FARM JOURNAL looked into it, we found a sur-
prising number of farmers either using or benefiting
from infrared photography.

Take Dude Leslie, a Yuma County, Colo.. farmer
and land developer. Leslie is now flying some 10,000
acres regularly, snapping pictures to learn how to
squeeze more production out of every acre.

One of the first things he discovered after compar-
ing normal and infrared pictures of the same center

. pivot system was the poor distribution he was getting
with both water and fertilizer. “We put on three-
fourths of our N through the center pivot,” he ex-
plains. “yet the end gun on one of our old systems was
running at 40 lbs. pressure while the rest were at the
recommended 30 lbs. Not only did this mean poor
utilization of our water and fertilizer, but it increased
soil compaction,” he says.

With another of the 32 center pivots he monitors
from the sky, Leslie’s films led him to some severely
worn nozzles that were putting out 200 more gallons of
water per revolution than necessary. His pictures are
also helping him learn how to farm some sandy knobs
which he was grazing too heavily, disking and planting
too deeply but watering too lightly. “There’s probably
no other area of the U.S. where you can go from a
150-bu. corn field into a 20-bu. field just bv crossing
the road,” Leslie says.

For the farmer with fewer acres, the best bet is to
find a custom photographer/interpreter like George
Bayless, co-owner of B&B Aircraft at Sherman, Tex.
You’d need to go in with other farmers in your area to
get the cost down to manageable size. Bayless charges

NRTFAMRRR 1Q7R

around $100 an hour for a twin-engine Cessna and
labor plus $10 per photo. But one shot normally covers
about 107 acres. '

Better yet, see if your co-op or a local dealer in fer-
tilizer or irrigation equipment might be able to pro-
vide the service.

That's how Santo, fertilizer specialist for High
Plains Co-op in Grant, Neb.. got into it. A damage
claim against his firm led him to begin reading up on
it. He' found infrared uses a “false-color” reversal film
developed during the war to detect aerial camouflage.

In the case of crops. healthy plant foliage has a high
infrared reflectance and appears a bright purplish red
on the film. Unhealthy foliage has very little reflec-
tance and shows up a bluish green, almost gray. Badly
stressed foliage is more yellow. This loss of reflectance
is one of the first detectable changes on stressed foli-
age. That’s why it can be (Continued on page 37)

Photos: Gene Santo
~
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(Cantinued from page 19)

spotted in an infrared photo long be-
fore it becomes visible to the eye.

But as Farm Journal reported in
February 1974, agronomists are still
learning how to “read” the photos.
Santo called Kodak in Rochester,
N.Y., and the University of Nebras-
ka, but they couldn’t offer the help
he needed. Their studies had cen-
tered mainly around house plants.

“What | needed was an expert
from the Vietnam War,” Santo says,
smiling. Infrared photography was
used extensively there to study crop
damage from bombing.

So Santo began a careful study
of the fields he had photographed.
He took his slides, the farmer and
the fertilization plan to the field and
began piecing the puzzle together. In
all, he took 600 soil samples for
more than 100 farmers.

He still isn’t satisfied—is still try-
ing to learn how to detect shortages
of other nutrients such as potash,
phosphate and sulfur. But he now
knows enough that he can look at a
slide and give the farmer an idea of
his problems.

His customers like the idea even
though it’s difficult to put an exact
dollar figure on its value.

Jim Salsman, who grows 900 acres
of corn under seven pivot systems,
recalls when Santo came to him a
year ago with a slide that showed
spottiness in a field that had been in
sod the previous year. Although the
corn was a uniform six” in height,
the infrared showed a difference in
the nitrogen levels in various parts of
the field.

After investigating, Santo and

" Salsman found where the fertilizer

trucks had missed several 25’ to 30’
strips in the field. )
“It didn’t show when the com
came up,” Salsman says. “But you
could sure see a difference on the in-

- frared film.” =

Salsman says the field yielded 155
bu. per acre, and he figured that
without the correction the yield
would have been about 40 bu. per
acre less in the untreated areas.

Some farmers like to join Santo
on his flights. “Sometimes [ can see
something I might be able to correct
at once,” says Rod Fuller. “Then
when the film comes back, I can ver-
ify it. The first time [ saw one of

Gene's slides of one of my new alfal-
fa fields, I just couldn’t believe it.
The stand looked pretty good over
all, but we had some problems I just
couldn’t see on the ground.”

It won’t cost you much to try the
idea out. If you have a cropduster in
your area, maybe you can get him to
make a couple of sweeps over your
place while he’s up, with you and
your camera aboard.

Santo uses a regular 35-mm. cam-
era with a normal 55-mm. lens. The
film is Kodak Ektachrome infrared
film, 80 asa, which should be used
with a Wratten 12 filter.

Early in the season, Santo concen-
trates on a tight 60-acre shot, gradu-
ally putting more acreage into the
picture as the season wears on. Santo
recommends Kodak’s Applied Infra-
red Photography Manual (M-29) as -
a beginning guide.

“With a camera, film and a little
footwork on the ground, a farmer
can use infrared to real advantage,”
Santo sums up. “Once you learn to
read the results on the film, you can
catch some major problems before it
is too late. And you won’t have to
catch many before you’ve more than
paid the expense.” ‘ q




Lamb County is Using Aerial

Photos to Verify Acreage

Crops from

By Nilah Rodgers

THE ASCS office in Lamb county,
on the High Plains, is now using
color aerial photographs to meas-
ure ~crop acreages—first in the
state to move to the new technique.
Practice flights and preliminary
work started last September.
Normally, a farmer 2ays<330%o
' get one crop measured. “Now we
charge:31T (07 e firsi aenalcalo)
transparency taken amd-3%: ‘orezcﬁa
subsequent picture,” said Blil Far-
ris, county ASCS executive director.
“The average farm requires about

five minutes flying time and two:

pictures. These photos cover every
crop on the farm, too.”

“Producer interest is high. We're
hoping for 1,000 applications. We
tigure it saves at least 30 percent
for the farmer. And it represents an
80 percent saving of our time in the
office,” he said.

“Each photo covers a
sectioEdor a labor of land. bome—
times, if the fields are laid out
right, the photos cover *&-guapies
and; aaltor a labor and a half.

“If we can get a quarter-section
and another half, or ail the produc-
er’s plots in one photo, we refund
the monev we charge for a second
photo. Say, if a farmer has three or
four crops growing on one labor,
where he would pay a 340 measure-
ment fee for each different crop,
with the aerial photos he’d only pay
$11 for one photo,” Farris said.

The Lamb counry ASCS office
pays a commercial pilot flying time

Taken from:

and plane rental for the aerial pho-
to flying service. Two ASCS aerial
photographers from the Parmer
County ASCS office alternate on the
photography measurement mis-
sions.

Lamb County ASCS compliance
supervisor Jake Moreland accompa-
nies the photographers on each of
the trips as an observer. He points
out the exact location of the place
to be photographed for the measure-
ment service.

“We can do a much better job
measuring by observing the pho-
tos,” Farris said. "'The exact
amount of land for turnrows, low
lying areas, terraces, and different
crops are readily ide:x,tjfiable."

The plane flies %304 -5 aBaxe
ground: 1exsl Photos are rna.de with
a 3Smm Tamexa: Processed color
transparencies are put imn an over-
head projector and the aerial shots
are projected below onto the origi-
nal aerial phatograph of that farm.
Adjustments are made until the
boundaries on the transparency
match up with the farm boundaries
on the photograph.

When the slide image matches
the scale of the plotted farm map,
different crops are drawn off. The
office part of the crop measure-
ments work follows the same proce-
dures that have been used in the
past.

“We've just done away with all

_that time consuming driving and

walking around fields, and staking
and measuring with chain tapes.
The result is more accuracy with

The Farmer - Stockman,

far greater efficiency, yet with a
big reduction in time and money,”
Farris said.

He said there is a vast difference

in colors of crops — even related

crops like cotton, soybeans and
peanuts — which makes it easy to
see the crop lines.

“We found out last fall that cotton
photographed from 3,500 ft. shows
up in hues from bright green (o
brown to violet,” Farris said. The
tones change from day to day be-
cause of differences in crop maturi-
ty and soil conditions. )

“This can make it difficult to

"identify crops from the transparen-

cies. This is the reason we have to
have an observer from the office
along to certify crop identification.
We can do the identification by ac-
tual observation.

“After three or four hours of
practice, the crops in this.area can
be easily identified from the air.
Last fall we took some photos that
showed cotton absclutely lavender.
The purplish color was due to the
frost changing the leaves and to
some of the bolls beginning to open.

“There is a big difference in the
reflection of light in plants. Some
crops absorb and hold all the light
and show up dark. Others radiate
light.

“There is quite a contrast, say,
hetween peanuts, cotton and soy-
deans. And for other crops, even if
~e're not sure what they look like,
~e xnow what they never look like.”

May, 1977
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Corn, grain sorghum, wheat and freshly plowed ground can all be picked
out from- the ‘original color photo of the Scrubb Messamore farm in
Lamb county. The unusual pattern near the farmstead is due to certified
grain, grown 22 rows in and two rows out for a pollinator.

One of the big pluses for the
farmer is that aerial measurements
are all guaranteed acreages.

“We stand behind every measure-
ment,” Farris said. “So the produc-
er can't get into trouble if an erro-
neous measurement is made. Our

-acreage measurements are used for

certification.” :

Farris said they no longer need to
guess at the acreage in lakes and
terraces. “We can draw them out
exactly from the aerial photos, and
tell the exact acreage. We can even
tell who is farming on whose land.

“In the past we have made three
or four measuféments of terraces
that might take two and a half or
three days. And then we might still
be off getting the right measure-
ment.

“Now we can fly it and have ev-
erything right in just a few minutes.
Even though we are fairly new at
this, we can trace a terrace in 15
minutes or less.”

Since the aerial measurements
are new, Farris said they haven't
determined just how long they will
keep the photos on file and what
other benefits they may be to the
producers.

“You can tell many things from
the photos,” he said. “And they may
serve many purposes besides just
certifying measurements.

“Last year, in one cotton field we
could tell to the row exactly where
the farmer had planted grain sor-
ghum the year before. Skips in
planting, poor land, heavy rates of
fertilizer and other factors show.”

Aerial measurements are not
new. California has been measuring
by air for four years.

“Before long, all the ASCS offices
will be using aerial measurements,”
Farris said. “Several counties are
experimenting with the method
now. We just happen to be the first
county to go operational.

‘Aerial measurements are not
something you learn from a text
book. It is something ASCS offices
have worked out in the interest of
accuracy, efficiency, and better
service for farmers,” he said.

THE FARMER-STOCKMAN




Aerial Color Slides
Measure Crops

In Coastal Bend Counties— By Keith Guthrie

- SINTON, Tex. ~ Aerial color
slides, first used in California
several years ago and in Lamb
County on the High Plains this
year, are now being used by the
ASCS office in San Patricio
County in a crop measuring
program that takes in 15 counties
in the Coastal Bend.

“We have our aerial mapping
program running smooth after
getting organized in April of this
year,”’. Glenn Drachenberg,
executive director of the San
Pafricio County office said.
‘““Martin Chandler, Parmer
County ASCS director, helped us
set up our initial program and
since that time we have refined
the process to our conditions and
are- now getting excellent
results.”

The aerial pictures are shot
from an altitude of 6,500 to 6,800
feet from ground level with a
Cannon 35mm camera using a
wide angle lens. From this
altitude each picture covers a
-little in excess of one section of
land.

Photos Matched

After the slides have been
processed they are projected in
the office onto a standard black
and white aerial map of the same
location, and by the use of a zoom
lens on the projector, and by _
using prominent land marks such — .
as ponds, crossroads, etc., the EQUIPMENT CHECK is made by Glenn Drachenberg, San

two photographs are matched up Patricio County ASCS director, through the rear hatch of
exactly. the piane as Mrs. Hattie Fojtik readies the zamera in
Cotton and grain, the two crops preparation for a flight to take color slides to be used in
being checked in the Coastal acreage checks of cotton and grain in the Coastai Bend
Bend area, appear in different region.
luly 21, 1977 Southwest Farm Press

14



15

colors on the slides so that an.

accurate check on the exact
acreage planted by each farmer
can be determined in a few
minutes by - the trained
technicians in the office.

Hattie Fojtik, a veteran of 18
years in plotting acreages from

field notes and aerial maps,
heads up the office crew which .

works up the flight plan from

requests, goes along on the flight
to help identify the farms and.

then snaps the photos.

“I have a photo copy of each
farm to be photographed along
with us on the flight,”” Mrs. Fojtik
details, ““and as soon as the pilot
starts making his run on a
selected farm I check for known
land marks on the photo copy and
then find these in the camera’s
viewfinder. A second before I
snap the picture I check the spirit

. level on the back of the camera to

make sure it is level and then
take the picture.”
Careful Planning

The careful planning of the
flights in the office before take
off has enabled the crew to shoot
up to 20 to 25 farms in one flight.

“We are able to do the mapping
in one morning that used to take
a crew of men on the ground two
weeks to accomplish,” director
Drachenberg said.

At the present time Coastal
Bend farmaers are required to list
the acreage that they have
planted to grain and cotton. As
these reports are filed by the
farmers a list is made, and using
a pre-set method of selection they

will photograph approximatel™
10 percent of the farms in a give::
county for checking purposes.

“Ground checking is em-
ployed,” the director said, “if
any question arises.” He went on
to say that so far the program is
being well received by the far-
mers in San Patricio County.

‘Spying’ Charged

‘““At first the farmers came in

to complain that we were ‘spying

on them’ but when we brought -

them back into the office and
showed them our system, and
how accurate it was, they usually
ended up by asking us to
photograph their farms saying:
‘This is easier than measuring it
ourselves’.” )

A farmer can request that his
farm be photographed and it will
be put on the list and run just as
soon as enough farms are
scheduled to make the flight
feasible.

CROWDED, but Mrs. Fojtik manages enough room to take
the pictures by lying over the observer’s seat. After she
snaps the picture she returns to her seat to assist in the

location of the next farm to be photographied.

At the present time a flat.
charge of $10 is being made for
each aerial photo requested. For
this fee the farmer gets
guaranteed acreage
measurement that ASCS will
stand behind. He also gets a copy_
of the color slide for his own use.

Previously the charge for
ground measuring a section of
land would be a flat $8 plus 10
cents per acre, or $14.40 for the

job. A commercial pilot is hired -

for the job, being paid $45 per
hour for the plane and his ser-
vices. ' ’ .



Savings Outlined

““We do not have figures in our
office yet as to the possible
savings being effected by this
procedure,’”’ Drachenberg ex-
plained, ‘‘but in other areas a 79
percent saving in time and a 36
percent saving in actual costs
has been realized.”

Workers have found that it is
much easier to accurately plot
the exact acreage of crops from
the aerial photographs as op-
posed to the field measurements,
especially if terraces, ponds or
odd shaped fields are involved.
~ While it is possible to deter-
mine what crop is planted from
the air, and from the
photographs, the flight crew
sometimes drops down to low
levels to check and make sure
that they are right on the cotton
and grain determinations. These
notations are made on the photo
copy map and taken back to the
office for reference.

““We can even spot grain fields-
that have heavy infestations of
johnsongrass,” Mrs. Fojtik
confided, “but we don’t make
any record of that.”

Slide Catalog

Elroy Fretag, one of the men
who has measured land on the
ground for 20 years, is also
closely identified with" the
program and goes along on the
flights to assist in farm iden-
tification. He and Mrs. Fojtik
have set up a system of
cataloging and filing their slides
so that the pictures that have
been shot this spring are in-
stantly available.

ASCS officials from the 15
counties inciuded in this pilot
program in South Texas have all
visited the San Patricio County

office and have been briefed on

the operation. Whea aay county
gets enough farms on théir 1ist to
justify a flight they send in a
request and the plane and crew
out of San Patricio County flies
in, picks up the list of farms and
an observer to identify the farms,
and makes the mapping flight.
Other groups of counties for
aerial mapping programs are
now in the process of being im-
plemented at the state level.

A FRAME has been built over an office desk to hold the
projector equipped with a zoom lens. The slide is projected
onto a black and white map of the same area and the
acreage is checked, as shown by Mrs. Fojtik.
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Infrared ‘spy-in-the-sky’

finds farmers’

crop problems

Aerial photos provide new

tool to improve crop yields

ELOW lay the sweeping

expanse of eastern Colo-
rado farmland. While Doug
Washburn, Hornick, Ia., jock-
eyed the single engine plane for
position, his partner Jerry
Bindner, Sterling, carefully
photographed selected tracts of
knee-high corn.

-“That field looks good to
me,” Doug observed, glancing
down on the irrigated crop.

“Yeah, but let's see what the

infrared photographs show,” .

Jerry replied between clicks of
the shutter.
Like many others around the

" nation, Bindner and Washburn

have discovered that aerial in-
frared photography is a potent
management tool which can
improve crop yields.

Since last March, the two
partners have sandwiched a
budding infrared photo service
in-between farming full time in
eastern Colorado and lowa.
They have photographed over
70,000 acres in seven states

- since they began, Bindner says.

“In short, infrared enables
farmers to locate and identify
many problems in their fields
before serious crop losses are
sustained,” Washburn adds.
“Although infrared can’t pin-
point every problem, the prac-
tice can alert farmers to water
distribution weed and insect
pests, fertilizer deficiencies, ero-
sion damage, stand uniformity
and soil compaction, to name a
few of the benefits.”

Essentially, infrared film
records infrared radiation
which normally is invisible to
the human eye. The film is par-

ticularly sensitive to rays re-
flected by water, heat and
chlorophyll—all of which show
up in distinct shades of red, ma-
genta, blue, green and brown.

Because every plant either
has different amounts of
chlorophyll or transpires at a

. .different rate, various plants
can be singled out and identi-
fied by a specific color on the in-
frared film. Grass, for example,
shows up as a different color
than corn foliage. And because
stress on a plant alters the
chlorophyll in the foliage, stress
caused by hail, drouth, insect or
disease damage or nutrient defi-
ciencies also can be detected by
the camera’s eye, the two lowa
State University agronomy
graduates explain.

\ Their Sterling-based com-

| pany, called Aerial Infrared

! Monitoring, works closely with

! farmers and in cooperation with

i commercial ag-chemical dealers
‘and sprayers. They offer a full-
service program for 33 per acre
which consists of shooting three
infrared photos of a farmer's
crops during the course of a
growing season, interpreting
the photos and making sugges-
tions to improve problem areas
in the field.

If, for instance, they con-
tracted to photograph a
farmer’s irrigated circles of
corn, the first photo would be
taken when the crop was about
knee-high. Weeds, poor water
distribution, nutrient defi-
ciencies, etc., can be very accu-
rately located at this time,
Bindner claims. A large color

/continued on page 16

Roger Ashiey, Akran, left, and Jer

ry Bindner, Sterling, predict aenal in-

frared pnotograpny will be in wicespread use in Coiorado within a few

years.

ater distribution (cark sha
area). Black spots and mottied araas, however, reveal where nerbicide
tailed to burn off existing vegetation
tions.

completely and halt weed infesta-

Uneven water distribution shows up on this aifalfa circle as a light band
circling around field (see arrows). Farmer avoided serious production
losses by correcting center pivot's nozzling.

E =

Five varieties of corn and one variety of pinto beans (light quarter) can be

seen as contrasting sirigs an this circle. Sottom edge of pinto beans aiso

ST N ML SRS

shows where field is beginning o be cuitivated.

Colorado Rancher & Farmer December 1977
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. .'Spy-in-the-sky’

“"Aenai infrared pnotograghy is a
new !ooi management tocl now
availadle to Colorado farmers,”
says Ooug Washbum, Harnick, la.

reproduction of the mirared
slide also is made and serves
as a map for the farmer to lo-
cate troubie spots in his field.
Map in hand, the farmer (or
custom sprayver) can treat spe-
cific proolem areas rather than
covering the entire field.

The second photograph,
taken before pollinatioa, re-
veals additional weed infesta-
tions or nutrient deficiencies in
time to make corrections, if nec-
essary, prior to seed Siling.

The third photograph, taken
after tasseling, not only checks
to see if the proper corrections
were made in the growing pro-
gram, but also serves as a valu-
able planning guide for next
year's field preparation. Areas
of compaction, for instance, can
be pin-pointed and treated with
sulfur to reileve isolated prob-
lems, they say.

Bindner adds that infrared
photograpny can be particu-
lariy belpful to farmers tryving
to make accurate soil tests. 'n-
like Midwest soils where festil-
ity has been built up over gea-
erations of farming, Westemn
soils often have variable soil
conditions (e.g., alkalinity) even
within a small area.

He says that many of the soil
tests performed in the state are
inaccurate since they often are
taken in the wrong areas of a
feld “Random testing is a ver
poor way to determine a
farmer’s true sol situation, yet
that’s how maost of the soil tests
are made.”

Bindner says an aerial in-
frared photograph taken after a
crop has been harvested pro-
vides a very accurate composite
of the soil type on a farmer’s
fleld. It shows area distinctions
of moisture holding capadty,
pH and topography. “A prop-
erly taken infrared photo is an
excellent gzuide to indicate
where the most representative
soil is located.”

“1 would never buy a piece of
ground unless [ had an aeral
infrared photograpn takem of
the area.” Wasaburn adds. “In-
frared doesn’t replace soil cast-

Colorado Rancher & F'amer

ing ground crews—it aids them.
It’s an exampie of how the poo-
tographic technique can be
used very effectively as a man-
agement tool.”

Although photos can be
taken on most Jeld and orchard
crops, a full service program
may not be economically fea-
sible on some small grains,
Bindner notes. However, a
single shot of an open wheat
fieid, for instance, can be very
beneficdal in locating potential
low yielding trouble spots.

Washburn adds that the in-
frared technique sometimes in-
dicates a prodlem n a farmer’s
field that can't be interpreted
just by viewing the slide pro-
jected on a screen. “In those
cases, we jump in the pickup, go
directly to the fieid and discuss
with the farmer what the prob-
lem might be.”

Although some say that ae-
rial infrared photograpnhy can
predict crop yields, Bindner dis-
agrees. “Sure, we can tell a

farmer if his croop is going to he

good or bad, but we're not vet
to the point of predicting accu-
rate bushel counts. It may
come in time.”

Bindner and Washburn gen-
erally cover about a quarter
section or a single center pivoc
circle with each photograph
they take. “I suppose we could
take a series of more detaied
photos, each covering fewer
acres, but this would be very
costly. We feel the amount of
area we cover provides good de-
tail of the field and is reason-
ably priced.”

Washbum says that if their
service can correct a minor
problem on a quarter section of
ground, the farmer should re-
coup his costs for the service
while increasing overall output
of the land. “From feedback
we've received from farmers and
ag-chemical dealers last year,
we'll be doing a lot more work
next vear,” he predicts.

Roger Ashley, owner of a cus-
tom spraving and agricuitural
service at Akron, enlisted the
services of Bindner and Wash-
burn last vear on irrigated corn
and sugarbeet felds in eastern
Washington and western Yuma
counties, ~ .

He uses their service in locat-
ing areas to make accurate soil
tests, correcting problems in
water distribution through
sprinklers or flood irrigation
systems, improving weed con-
trol, detecting herbicide injury
and improving nitrogen apoli-
cation. both through sprinkler a
systems and ground appli-
cations.

In addition, Ashley believes
:he infrared onotos will serve to
make his empiayees vigilant in
their field work. “We pride our-
selves on providing a thorough,
even application of chemicals
on a feld. We have to do a zood
joo. All we have to sell is our
service, and our business is no

better than the service we pro-
vide.

“When [ send a man out to
apply $7,000 worth of fertilizer
on a farmer’s feid, he'd better
do a first-class job. I couldn’t
get around to check every job in
the past, but the ‘spy-in-the-
sky' now will show any errors
very clearly.”

In the fucure, Bindner and
Wasnburn hope to take more
photographs and do less con-
sulting and interpreting of the
photographs. “Interpreting the
photos is not the most difficult
part about infrared With a

lictle practice, a farmer can do
it himself. The hardest part of
the business is getting con-
sistently good quality pictures
which really show where and
what the problems in a fieid
are.

. “We made about every error
that could be made before we
began getting quality photo-
grapns. Handling and process-
ing of the film combined with
making the proper exposure is a
skill to be developed. [t took us
2 lot of time and money.”

The two enterprising farmer-
agronomists foresee infrared in
use on most farms within the
next 10 years, and perhaps
sooner in the West. “A Western
farmer either does a scientific
job of farming or he doesa't
farm at all. We have many soil
problems to overcome to obtain
maximum yields,” Bindner
says. “Management through
the use of infrared can have sig-
nificant affect on crop yieids.”

“A farmer can’t depead on in-
frared to show every problem in
his fields and crops. But it sure
will pick out a lot of things he
never knew were there,” Wash-
burn concludes. =
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Infra-Red Crop Photos You
- Can Do Yourself

IF ARIZONA farmers are willing
to spend less than 5c¢ an acre, Pinal
County agent Jim Little is willing to
see that they lcarn how to use a
camera with infra-red film and get a
good took at the health of their grains
and cotton.

No, the bearded Casa Grande
resident is not-talking about an
expensive camera set-up and
sophisticated high altitude flying.
He's talking about loading a
simple. everyday camera with film
that photographs heat waves rather
than light waves and sticking that
camera out of either a rented or a
personal aircraft.

“Infra-red photography,” said
Little,. “can be as simple as aiming
any camera out of a Cessna [50.
That's why | maintain that any
grower can do it and that's why |
think the 3 or 4¢ he spends per acre
will be returned many times in the
improved practices he'll ge. from
actually sceing what’s in his field.”

Color and Cost ‘

According to Little, a pilot
himself, infra-red photography
points out to a grower the symptoms
of an unhealthy field and then allows
him to diagnose and correct those
symptoms.

“Among the things that infra-red
can do,” Little added, “is to actually
see what is in a grower’s field; things
which may not be visible from the
road.

“For instance, the infra-red system
can really be invaluable when a
cotton grower is trying to determine
optimum conditions for defoliation.
A simple fly-over with a camera
carrying infra-red film can show him
if the cotton has been defoliated
property. If such a fly-over is made,
and an examination of a slide points
out that the cotton is bright red in

Taken from: Arizona -
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color, you can detcrmine that the
film has picked up lots of heat from
the dry leaves still on the plant; leaves
that would cause dockage at the gin if

-the cotton was harvested at that time.

“However,” Little added, “if a
grower looked at the slide and the
slide showed cotton appearing as a
brown, then the grower could be
assured that proper defoliation was
done.”

Little added that both cotton and
wheat producers might (ind infra-red
“field snooping” invaluable because
it let’s one sce everything from
gopher mounds to competative
weeds, and from harvester ant nests
to destructive insects.

“Because those who use infra-red
photography bclieve in the theory
that a cooler plant is a healthicr
plant, they are able to look at a
cottan or wheat field and quickly tell
if the field is in good condition. Then,
anything that looks suspicious orof a
different color will be suspect by the

grower after careful examination of

the field himself.”

Little gave as an illustration,
#e8ds. which will show up on an
wlarry dhide w meszw Of course,
there’s nothing wrong with a little
green in the fields, but when a grower
is pre-irrigating and he notices froma
slide that thére are green, healthy
patches of growth all over his fields,
then he can besure that he’s gone into
the weed production business and
he’d better do something before it’s
too late.

" Measure Soil Types

Little gets even more enthusiastic
about the benefits of infra-red
-photography for those putting in new
land. For instance; he says, such a
system can be especially useful when
a grower is interested in {inding soil
types and hot spots in his fields.

December, 1977

Because water will show up dark
on an infra-red slide, a grower can
irrigate new land, fly-over that land

- with an infra-red camera and then
determine if some acreageis warming
too-much. due to little water
penetration. or is getting cooler due
to better.application.

“The. rhcory behind this.” saxd
Lictle, *is.that hcavv soils will
photoqraph cooler on an infra-red
slide and those lighter soils~will~
photograph warmer and dryer. Thus,
if bare soil is being irrigated, the

 slides will show a mottled effect due

to uneven water penetration. A
grower can then mix his-soils.to get
rid of this effect or he.can determine
that if there is only an eighth of his
parcel with sandy or hot spots, that
small piece of land might not be
.worth saving, or chanzmz rrigation
practices for.”
Tax Write Off »

* According to Little, a grower
interested in infra-red photography.
can get started with about as much
‘trouble and money as-a mp to a
Fotomat.

"“The procedure I use,” said Little,
“is ‘to _secure a dependable photo
processor such as Kodak, etc., and
then figure out a way for you to send
or take vour photographs in at
different intervals. For instance, I use
a processing house in Phoenix and
whenever [ have filmto be processed,
[ secure it with a cushion material
and then put it in the mail.

“Qthers might.like to find a
processor much closer to home and
that’s fine. At that procassor, you will
also be.able to purchase a roll of 20
exposure film for roughly 38 a role.
And because each exposure can’
allow you to see 40 acres, you shouid
be able to take a look at 801 acrss on

~ that one roll. And what is eight



hundred pennys divided by eight
“hundred acres? That is [¢ an acre for
the cost.”
Little added that the film must be
kept very cool to protect the heat-
_.seeking characteristics. If film is
purchased, and then thrown into a
glove compartment rather than an
. lce chest or a refrigerator, then that
infra-red- film will measure the heat
of that glove box and will show: it to
you after you develop it. -
And don’ rforgc:, he said, the total

cost ‘of using: an infra-red system -

mcludmg__ the: cost of borrowing or
renting an aircraft, can be written off
of 2 grower’s income tax as a business
expense. . -

Making Your Decisions

A few things that should bekeptin.

mind by the grower if he decides to
‘use infra-red is to not make decisions’
simply by looking ataslideand don’t
fail to back up your “sky-watching”
with good observanon on the
ground: - B =
** In other wor'ds."'said I;ittle
“good infra-red photograpay can
only be regarded as another helpful
tool for management. It must not be
“eonstrued.as.a 'eolaccment for good
management. A grower should spend
some time with the slides soon after
they come back from the processor
and then determine what ir is he's
seeing in the fields. But before
decisions are made, the grower must
takea g(;éq lookat the ground level.

“Another ‘thing to remember is
that it’s better to let someone else do
the flying due to the fact that one oft
the best altitudes is 1500 feet and
that's'too low an altitude for ‘quick
recovery if you're (rymg to fly and
photograph at the same time:

“It’s also better to open the
wizidows. of the aircraft rather than
suffer the. dxstortxon‘that many
aircraft windows: produce. Also,.
don't tip the aircraft—tip the camera.

“Of course,” Little conciuded, “the
main benefit of the- infra-red system
is to coax a grower back into his:
wheat or cotton fields.. I've long
noticed that in Arizona,  growers will

_loak and feel of their cotton.- until’

‘they’re blue in the-face: But those:

same growers will plant either wheat
or alfalfa and. never look at it again
aftera couple of weeks. Thus. it's my
belief that growers will be well served
by just using the infra-red system in
February for their wheat and in
September for their cotton
defoliation: This will not make them
millions. of dollars necessarily, but it
will ensure that the growers pay more

attention to their grain and cotton
and. that’s about as good a crop-

insurance-as you can get.™ K.L.

. December 1977
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Aerial infrared (IR) photos of
your farm may show you that
management errors you know
you've been making are adding
up to a lot more yield loss than
you realize. They might also
reveal previously undetected
problems.

Going through infrared
photos in the office of Jack
McKinnon’s Prairie Agri Photo,
Carman, Man., shows that many

problems in seeding, fertilizing,

or weed spraying stand out like a
black eye on an IR photo. What
may be judged from the ground
as a few bad patches may plainly
show up as 20 to 40 percent of
the field when viewed in an
IR photo.

McKinnon explains that in IR
photos, the deeper red color in-
dicates healthy growing plants.
A pinkish color indicates stressed
plants and sometimes weeds. A
greenish tint represents soil
showing through in sparse or
seedling crops. Other shades
have meaning to an eye experi-
enced at reading IR photos.

With two years of experience
now, McKinnon and his full-
time agrologist, M. Gupta, who
has a Ph.D. in agronomy from
the University of Nebraska, can
diagnose almost any crop prob-
lem that shows up in their [R
photos. However, identifying
problems on film is only the be-
ginning of the process. When
problems show up—and most
farms have some—Gupta goes to
the farm, points out the problem
area, and the farmer and he go to
the field to check it out. “In all
cases,” Gupta says, ““farmers al-
ready know or can determine
what the problem is and what
went wrong before we get to
the field.”

McKinnon charges about $40

- to take an IR photo of one square

mile of land and %6 for a print-

from the IR flm.
(continued)

THE FURROW January,
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Aerial infrared is working

Farmers are beginning to use aerial infrared photography
as a profitable management heiper
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The deeper red color indicates heaithy plant growth. A pinkish color indicates stressed plants.
The greenish tint represants soil showing through a seedling crop or sparse plant growth.

Granular fertilizer spreading problem 0
Liquid fertifizer misses @

Nitrogen ran out in a wheat field @
Drainage problem in a flax field @

Phosphate ran out in a barfey fieid @




Aerical
infrared

/continued

When IR photos are taken
early in the growing season,
there’s sometimes still tdme to
take corrective action or fry an
alternative cop. Some examples
from last spring: Severe crop
damage showed up in part of a
sugarbeet field. The problem
turned out to be wireworms. The
farmer still had time to control
the insects and replant the dam-
aged area. Similar corrective ac-
ton was taken on another farm
where a seedling qop was at-
tacked by flea beetles. And stll
another farmer found his oat
field was heavily infested with

thistles. He plowed it up for-

summertfailow.

During his busy season, Jack McKinnon
leases two olanes to get photos.

McKinnon and agrologist M. Guota
axarmne |R film from a
recent pnoto-shooting session.

IR photos can spotlight prob-
lems that aren’t readily apparent
from a pickup. For instance,
Gupta says IR photos can aiso be
heipful for determining drainage
problems, soil types within a
field, and where to take soil
samples in a field.

When IR photos are taken in
the middle of the growing sea-
son, it's usually too late to take
corrective action on obvious
problems. However, the photos
can be used to help plan a better
management approach for the
next year. And a lot of problems
do show up in midseason [R
photos. Wild oats, wild mustard,
wild buckwheat, thistles, and
some other weeds show up
especially well at the head stage
in almost any cop.

Last year, an especially fre-
quent problem was uneven fer-
tlizer spreading, whether it was
custom-applied or applied by the
farmer. Weed-spray misses were
frequent, too. One tarmer, who
seeded wheat with seed boxes on
a three-disk hookup, discovered
too late that the middle disk
wasn't penetrating deep enough.
The result? Extremely poor
wheat germinaton on a third
of his seeded acreage.

Bill Craddock, who farms
14,000 acres in central Manitoba,
has McKinnon photograph all
his fields and says the invest-
ment is quite worthwhile. "It
takes a lot of dme to scout every
field for problems,” he says,
“and you can miss corners that
you shouid have checked. Re-
cent IR photos of a fieid of
suntflowers showed we have a
severe wild-oat probiem in a
corner of the feld. [ didn't know
it was that bad. [R photos also
help me verify which employees
are doing a good job in the field.
Some of the men [ had last year
aren’t with me this year. 'm also
negotiating with a commerdal

applicator for a better price on the
job he did. It helps to have
photographic evidence along
when you have to go into some-
thing like that.”

McKinnon is finding a widen-
ing market for his aerial IR ser-
vice. Several custom applicators
now hire Prairie Agri Photos to
photograph their customer’s
farms to show them they did a
good job. Wildlife groups, con-
servation organizations, and real
estate agents are also finding
uses for aerial IR photos.

In Ontario, Agriculture
Canada researchers are using ae-
ral IR to keep track of bacterial
bean blight in the province. In
conjunction with this, CDA's
crop protection division started
what it calls a “select seed pro-
gram” for white beans. This in-
volves bringing in disease-free
seed from the western U.S., in-
creasing it in Canada, and then
using this seed for plandng in
Ontario. Aerial IR photos show
that not all bean growers go
along with the program, al-
though most do. In fact, the
program has been quite success-
ful. In 1968, aerial surveys
showed that 6 percent of the
white bean gop in Ontario had
been infected with bacteriai
blight. With the clean-seed pro-
gram in effect, this has dropped
to less than one-tenth of one
percent.

McKinnon says most farmers
who have had IR photos made of
their fields plan to keep using the
service. They realize, of course.
that IR photos have to be
supplemented with field inspec-
tons. But it helps, they sav, to
have the whole farm in front ot
you when you're planning vour
Topping program.
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_ United States.

. Landsat |1 space vehicles, the Valley has been analyzed by

- . growth of its expanding cities.

" (IR) are to be made from Edinburg westward, where 75

Citrus Project Makes
Valley Infrared

Page é Rio Grande Valley Edition — Southwest Farm Press *
Feh 23. 1978

By Calvin Pigg, Editor

WESLACO, Tex.--Smile Rlo Grande Valley, you're on
candid camera, and in infrared living color to boot!

It goes without saying that considering Its diversified
agriculture -- and large numbers of sophisticated ag
research outfits based here -- the Valley could become one
of the most frequently photographed places within the.

Fact is, it's probably ‘’shot’” by cameras mounted in
flying alrcraft and circling spacecraft more today than any
other place in the country.

The Rio Grande Valley, it turns ouf, has become a
proving-ground for what scientists call remote sensing.’

Evaluate Surface Characteristics

Remote sensing, they define, is the ability to ‘‘evaluate
the characteristics of a surface without being In direct
contact with that surface.”

From flying aircraft and higher-flying Skylab, ERTS and

remote sensing methods for everything from its soll and
water resources, disease problems on its crops, to the

The Iafesf "“shot,”’ expecfed to be made this month, is
another ‘‘citrus census.”” It Is being flown under the
auspices and sponsorship of the Texas Citrus Mutual of
McAllen.

The special flights and picture taking in color infrared

percent of the Valley’s citrus crop is located, according to
TCM general manager Mike Wallace.

thhts are to be made by private flying service.

Seek Practical Applications

While the majority of remote sensing activity falls within
the realm of research, concept promoters are anxious to
help find practical ways for private industry to use the
relatively new tool.

Earller citrus census flights across the Valley have been
flown, shot and film developed and analyzed for less than a

SAM ENGLE, USDA-.ARS
entomologist, presides over a
light table studying color
transparencies made by aer-
ial photography of Valley cit-
rus groves.
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“They’ve taught Wallace and his staff how to
analyze the IR photos so proper information can
be drawn and made available to any TCM
member.’”’

penny per acre -- four-tenths of a cent to be exact, they
report.

Counting grapefruit trees with a camera beats doing It on
hoof by a "“long shot,’” says Wallace who is concerned about
such things as shoe leather and costs. :

Teaming up with Or. William G. Hart of Weslaco, USDA-
ARS research entomologist and remote sensing authority,
Wallace believes TCM’s one of the first organizations in the
nation -- certainly within the citrus industry -- to use the
technique to Improve and promote the industry.

For one thing, says Wallace, a non-resident owner of five
acres of Hidalgo County grapefruit who lives at Des Moines,
lowa, would like a pretty framed picture of his ‘“estate’’ to
brag about to his snowed-in neighbors.

Grove Care Shows Clearly

But more Important he can tell from such a photo what
kind of care his grove is getting down in the Valley.

In addition to aesthetic value, an aerial photo of a specific
citrus property can be helpful in analyzing a grove’s care,

“overall management and any needs it may have, contends
Wallace. The application goes beyond the fact that 70
percent of the citrus Is owned by non-residents.

Some of the larger grove care firms are screening the
aerial shots with a number of objectives in mind.

Or. Hart and his associates, saying any object as bigas a '

tree reflects well on the special kind of. film used, have
developed certain methods of reading the photos and
_Pinpointing maladies such as brown soft scale or mealybug
damage. ; ;
. Projects To Refine Methods

Dr. Hart and assistants, Rene Davis, pilot and
photographer, and Sam Engle, entomologist, have a variety
of projects ongoing which they hope will further refine their
methods. "

They’ve taught Wallace and his TCM staff how to analyze

the R photos so proper information can be drawn and made
available to any TCM member both In the Valley and
beyond who may want it..
. With 12 years experience with remote sensing, Including
early work In forestry, Dr. Hart says low-level IR
photography taken at approximately 10.000 feet with a 12-
inch focal lenath lens has far more immediate application
to agricultural needs than do those highly-touted shots from
space.

He suggests that needed picture resolution Isn’t to be

found via satellite orbiting cameras, and the lag time
required to obtain pictures from the National Aeronautics
and Space Administration -- two to three weeks after
they’re flown --is too lang to be usefukin rmost cases.

Scientists are attempting to harness space photos to In-
ventory all sorts of earth resources, even with computer
analysis.

These high-flying shots don’t help Valley farmers much
with their mealybugs, illustrated the entomologist. .

" Anything really practical to come from space pictures,
in necessary detail, is perhaps 10 to 20 years away, if then.”’

Nonetheiess, technology now on-stream for both low-level
and space for photography, such as the citrus census, is
fascinating and no question about that!

The entire Valley has been flown at least four times now,
maybe more.

* Interest Started Years Ago

Wallace says he became interested in ARS remote sen-
sing endeavors years ago when the need arose to gather a
firm figure on exact number of citrus trees in the Valley. He
pondered whether certain insect and- disease problems
might. also be better spotted from the air.

The initial citrus inventory flight was made in 1973.

"We thought we had 85,000 trees at that time, but the
pictures revealed the figure was closer to 74,400. Obviously
we were wrong In our first belief.”

That first ‘‘grapefruit flight”” was flown by a souped-up
NASA aircraft flying at 20,000 feet. All the red tape it took to
arrange the over-flight was staggering. ""We decided after
that first time we’d try another approach if we did it again,”

"confided Wallace.

The flight was made on the basis of research strictly.
Distinguish Types Of Trees

"Byt we not only discovered that we could get an accurate
tree count,”” said Wallace, “‘to our surprise we could
distinguish between. orange, grapefruit and tangerine
trees.”’ : ,

The analysis technique has been later developed to the
point that even the age and the variety of fruit could be
determined. The color IR film is highly reflective of the
chlorophyll content of leaves on a tree.

Dr. Hart says now that methods are refined even better,
he belleves a single overflight and eye-analysis can show up
to 95 percent of all the trees within the region. With light-
table screening which takes a liftle more time the other 5

. percent, usually smallest trees in newly planted groves, can

be documented on the photos.
By careful analysis we think we can find them all now.”
Vegetation Color Differences

Vegetative and ground color differences show up best
with flights timed two weeks after an irrigation.

“"We soon saw the possibility of gathering all kinds of
information from the photos,’”” said Wallace, who s
supervising the planned February upper Valley overflight.

One day he hit upon the idea of sending the red-tinted
photos to grove owners through his organization as a way of
showing member-owners a visual report of precise
management their groves were getting from the tending
citrus grove care firms.

That’s what he’s intending to do this spring.

Offers Seven-Point Analysis

Not only will owners and caretakers be offered a cholice of
either an eight-by-10 inch aerlal print or a 35 mm siide
transparency for a nominal fee, but TCM, entering the
management assistance arena, will offer clients a seven-
point analysis based upon an expert review of the piciure
itself. ’ X

The evaluation form accompanying the photo, Wallace
pointed out, will cover such items as the presence on trees
of sooty mold or leaf defollating Insects. Sooty mold is
caused by brown soft scale, whitefly, citrus mealybug,
citrus blackfly or aphids. ]

Second category on the checklist are diseases -- foot rot,
gummosis and psorosis.

Major problems with drainage or Irrigation show up
nicely In the infrared photos, said Wallace, the third
category to be evaluated for clients -- either wet or dry spots
In fields or actual standing water highlighted.
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Show Tree Nutrient Imbalances
_ Fourthly, certain tree nutrient Imbalances show up to the

“We’re seeing our groves from an angle we’ve
never seen them before. We’re happy with the
program and the potential it offers grove

_ -operators and owners in a practical way.”

trained photo analyzer. The presence of iron chioresis, or
nitrogen, phesphorous or potassium deficient trees in the
groves will be pinpointed for the owner.

Based on chiorophyll content of ground cover .- or lack of
ground cover -- ground weeds or vines will be noted for the
owner or caretaker. '

The sixth check for citrus people involves the very

. presence or absence of trees. Missing, dead or defollated

trees are scheculed to be rated on the evaluation form.

Wallace and his staff save the best for last -- the seventh

classification listed as ‘‘no visible problems.”
: g Regular Feature Of TCM

Unique as It is, he hopes the grove photo analysis can
becorne a regular part of the TCM program. “We're seeing
our groves from an angle we’'ve never seen them before,”
sald Wallace.

"“We're happy with the program and the potential It offers
grove operators and owners in a practical way.”

He said ideally the Valley, for cltrus inventory purposes,
should be filown twice a year .. once in February and again
in September after general rains.

Certainly not hoping It’ll happen, Wallace and Dr. Hart

will be on their toes seeking an opportunity to evaluate tree .

freeze damage via remote sensing for the very first time ...
anywhere within the industry.
Spray Only Where Needed .

Rermote sensing pioneer Dr. Hart said that in addition to
locating varlous tree problems, he sees the real value in
photography analysis of groves .- over the usual ride and
windshield method. - 3s allowing managers to spray only
certain parts of a citrus grove. The colored photos will
delineate even a single free that needs attention, again If the
analysls Is correctly made. . '

The benefit in.being able to treat only a portion of 3 grove
Is rather obvious. It can cut chemical control costs and not
interfere with beneficial Insects In the rest of the fieid.

In addition to agricultural uses, the aerial IR sensing also
has many other potential uses such as taxing agencies, city
planning units and water districts. By several organizations
vtilizing the same maps for their varying purpeses, said Dr.
Hart, the cost fo any one user would come down con-
siderably. : :

Work by ARS scientists on solls, water and chrus
resources is continuing. ‘

As one example, Dr. Hart and Davis are_engaged in
continuing studies with one well-known grove care operator
in the Valley, Gil Ellis of Mission.

Overflights of Ellis’ groves are being made regularly this
winter in hopes of discovering things they may have missed
before. : '

To take the procedure to the ultimate, noted Dr. Hart,
Ellis Is being trained to analyze the red-tinted photographs
himseif as part of his grove management decisions.

Why Infrared color over straight color or black and white
aerial photography? Explains the ARS researcher: “A
tremendous amount of added Information can be gotften
from an | R shot over normal black and white. The reason is
that much greater color confrasts are cetectable with IR.”
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USING COLOR IR fllm, aerial photography gives un-
precedented detail of ground area below, citrus trees in
Hidaigo County. .

‘’After a few years on the light table a dark pink blotch on
the map shows up In your mind as the prettiest green
grapefruit tree you've ever seen.”

As for Wallace, the opportunity for a commodity
organization to be of specific service to Its members is
obvious - particularly when many paying members live
1,000 miles away. . :

“Really, we're equally encouraged by the response of our
big Valley grove owners and grove care operators to our’
idea as we have been from the five-acre guy who lives In
Des Moines.”’



IF YOU NEEDED TO count the Valley’s citrus trees you’d head for the groves,
note pad in hand. Right? Wrong. You’d take to the air with camera and special
film. Another citrus inventory Is underway, and with some speclal -- and practical
- applications. Dr. Blll Hart, USDA-ARS project leader and remote sensing buff,
on left, Mike Wallace, general manager of Texas Citrus Mutual, and Rene Davis,

pilot-photographer for USDA-ARS, make plans.

26



A MODERN
TOOL FOR
THE MODERN
IRRIGATOR

by Dave Aeilts

AT least one day each week during
the summer—without fail—Gerald
Smith, Fargo, N.D., takes to the air
in a small, single-engine plane. The
landscape from 1,3C0 feet is breath-
taking and, as he wings his way over
the countryside, he snaps several
pictures of the cropland below him.

Aerial photography is hardly a
hobby for Smith, who is a manage-
ment consultant to several farming
operations in the Dakotas and Min-
nesota. Rather, he takes these
photographs as a routine part of the
consulting service he offers to area
irrigators who have hired him.

The pictures he takes are no ordi-
nary snapshots. They are “infrared”
color slides taken with a special heat-
sensitive film that records a radia-
tion invisible to the human eye. In-
frared differs from: standard color
film in that it records the lush green
‘of a growing crop in deep, dark red
colors.

As a troubleshooter, Smith relies
on infrared to help him spot poten-
tial problems in fields under irriga-
tion. “I got started taking infrared
photos about five years ago,” he
explains. ‘1 found that it was a way
that [ could pick up irregularities in
a field that [ couldn’t see from
ground level.”

The “irregularities” Smith speaks
of are variations in the color of the
irrigated crops as seen from the air.
These variations are more vivid when
photographed with infrared flm
than with standard color film. Some
of the variations in color are caused
by natural phenomena—like a dif-
ference in soils within a fleld—and
are of litzle immediate concern to the
farmer.

Other variations in the color of a
field are more ominous because they
indicate the presence of an economic
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INFRARED
PHOTOGRAPHY

A healthy field, with a pro.bcrly functioning irrigation rig at work.

hardship—such as an insect or weed
infestation, poor soil fertility or a
malfunctioning irrigation system. It
is to these variations that Smith
turns his attention.

Of course, notes the management
consultant, it's not always possible to
diagnose the exact nature of the
variation from the*infrared slides.
Further investigation on foot is often
required in order to identify the
cause of the irregularity spotted from
the air. '

Infrared photography is simply a
tool that helps Smith pinpoint diffi-
culities in a growing crop before they
become too large and too costly to

" handle. "It's just a red flag,” he

states, '‘a warning that there is
something wrong and that it shouid
be investigated.”

For example, Smith recalls one
field of irrigated potatoes which
looked fine from the ground but
yielded poorly at harvest time. “We
went back and looked at the infrared
slides and we could see quite ob-
viously that the irrigation system

Taken from: Dakota Farmer, April, 1978

wasn't putting on water in a uniform
fashion,” he explains.

As a result, Smith ran a thorough
check on the irrigation system and
discovered that it had been fitted
with the wrong size nozzles. “We
also checked the well and found that
it wasn’t putting out as much water
as it was supposed to be putting
out,” adds the consultant.

In an infrared slide of another
field—irrigated durum  wheat—
Smith observed that one-quarter of
the circle was deeper red than the
rest. Consequently, he took soil sam-
ples in both areas and found that the
area with the deeper red color had
more organic matter in the soil—
more water and nutrient holding
capacity. :

“The nitrogen in that quarter was
up around 30 to 40 pounds,” he
states, ‘‘while the amount of nitrogen
available to the crop in the rest of the
circle was negligible—even to a
depth of four feet.”” As it turned out,
the quarter with more organic mat-
ter had been in soil bank the pre-
vious year. .

The shortage of nitrogen avail-




able to the crop in the rest of the cir-
cle was confirmed at harvest when it
yielded considerably less than the
quarter with the high organic levels.
Although Smith's discovery was
made too late to benefit the durum
crop that year, it will help in subse-
quent years.

“We know now that, when we
raise small grains on that circle in
the future, we will have to do a much
better job of getting the nitrogen on
at the right time—during the peak
growth period of the crop,” he ex-
plains. ““And I think we will find the
same to be true with corn.”

The West Fargo consultant notes
that infrared is also helpful in spot-
ting potential “profit robbers” like
weed and insect infestations. [nsects
like grasshoppers which infest the
edges of a field first can be detected
early and stopped early, saving the
cost of treating the whole field.

Other damaging insects like wire-
worms, which tend to be pocketed in
a field, can be located and treated on
a spot-by-spot basis. Likewise,
patches of noxious weeds can be pin-
pointed with the help of infrared
slides and their locations noted for
spot treatment the following season.

. Smith recalls a patch of wild oats -

which he spotted on an infrared slide
one summer. ‘We had no trouble lo-
cating the patch next spring,” states
the consultant, who often carries a
portable slide viewer with him to the
field. **We went in and applied some
Avadex just in that part of the field.”

Smith points out that infrared
photography has other important
benefits besides its value as a “‘trou-
bleshooter.” Because infrared film
assigns different color shades to dif-
ferent soil types, it is also instrumen-
tal in determining the major soils
and their boundaries within a field.

Based on his knowledge of the soil
boundaries on his land, an irrigator
can tailor fertilizer and water appli-
cations to fit the requirements of
these soils. [nfrared can also help
identify specific problem ‘areas in
fields—Ilike areas with high alkalin-
ity or poor drainage.

How large does the irrigator have
to be before it's economical for him
to use infrared aerial photography in
his farming operation?

“Any irrigator can make use of in-
frared whether he's got one system or
100 systems,”” comments Smith. “If
he’s got 100 systems, perhaps he’ll
want to hire a pilot and a profession-
al photographer to handle the job for
him."”

If the irrigator has'just one system,
Smith suggests that he get together
with his neighbors on a cooperative
basis to hire a pilot and a photogra-
pher. He points out that, in some
areas, the Soil Conservation Service
has purchased equipment and film
and is doing infrared photography
for growers for a fee.

Or you may want to hire a pilot
and take the infrared photographs
yourself. “If you have a 35-mm
camera, access to infrared film, buy
yourself a filter to put on the end of
the lens and have a pilot friend or
someone who will take you up and fly
you around,” states Smith, “it's a
simple thing to do.”

Smith estimates that it would cost
as little as $15 to $20 per hour to hire
a pilot and an airplane. But he notes
that there is often a flying farmer in
the area who will take you up just for
the fun of it—fly you around and
maybe even take some infrared
photographs of his own land.

The cost of the infrared film isn't
that high either, according to Smith.
It runs around 35 a roll with devel-
oping prices ranging from $S to $8
per roll. He warns, however, that you
may have to hunt for a source of in-
frared film because not every store
has the facilities to handle it.

Since the film is sensitive to heat,
it has to be shipped in dry ice and
stored in a freezer when it arrives. “I
get my .infrared filpn through a
camera store here in Fargo and
sometimes I have to wait awhile for
it,’” states the farm consultant. who
special orders his film in large quan-
tities.

Learning to take infrared photo-
graphs isn’t particularly difficult.
For best results, Smith suggests tak-
ing them after 10 a.m. and no later
than 3 p.m. “‘I've taken them as late
as S p.m.,” he adds, “but-it’s so
much darker then and the film picks
up a lot of these very deep colors
which are hard to separate out.”

Smith also advises the amateur
photographer to keep the sun at his
back when shooting infrared photos
from a plane. ““If you shoot with the
sun opposite, you're going to get a lot
of glare on the end of the camera
lens,”" he explains. This will result in
a bleached-out picture with poor
color resolution.

As for altitude, Smith has found
that flying at about {,500 feet allows
him to shoot an entire quarter sec-
tion of land per frame of film. “But
that’s something you can experiment

with,”” he advises. “‘Just tell the pilot
to go higher or lower so you can fit
whatever field you're shooting into
that frame.

The nearer the camera is to the
field, the better the color resolution
of the photographs will be. So Smith
advises using a wide-angle lens
rather than a standard camera lens
when shooting infrared. “You can
get down much closer with a wide-
angle lens,” he notes.

How does the irrigator go about
spotting and identifying a potential
problem in his fields once he has
taken the infrared photographs and
had them processed into slides? Per-
haps the best way to go about it is to
set up a slide projector in his home
that can blow these slides up to a
workable size.

Then Smith advises checking the
slides over carefully for any irregu-
larities in color—like a dark spot
instead of the normal red coloration
that infrared film assigns to nice
green foliage. A dark area in the
field could be an indication of exces-
sive water application or  weed
growth.

“If it's a real light spot,” Smith
notes, ‘‘it could be an indication that
there isn't much foliage there.” A
light spot in an irrigated field could
be a sandy knoll where the crop isn’t
doing as well. It might also represent
a difference in soil type or an accu-
mulation of salts in the soil.

A lighter colored area in the mid-
dle of the field could also indicate
the presence of insects at work on the
roots of the plants. “It would be an
indication to me that wireworms or
cutworms or an insect of that nature
was causing the problem,” states
Smith.

The shape of the discoloration on
an infrared slide can also lend the ir-
rigator a clue as to what caused it,
according to Smith. If the shape is
irregular or has.little uniformity, it is
most likely due to natural causes
such as difference in soil types, in-
sects, weeds or disease.

On the other hand, if the dis-
coloration is. straight-lined and
would follow the pattern of a pesti-
cide application, a planter, a cultiva-
tor or a center pivot irrigation sys-
tem, it is probably caused by
something mechanical. “The shape
of the irregularity will at least give
you an idea where to look,” Smith
notes.
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Of course, the final step in lo-
cating and identifying a problem
which shows up on an infrared aerial
slide will involve checking the field
on foot. Smith suggests that the
farmer take a small. hand-held slide
viewer with him to the feld to help
him pinpoint its exact location.

Infrared photography is a valuable
management tool for the farmer,
contends Smith, particularly if he ir-
rigates. “The irrigator has more
money invested in his crop and, be-
cause of that, he's willing to spend
more time and effort on managing
his investment to make sure he gets
the maximum_ return on it,” he .
states. = = Gray area shaped like a pie-slice on this circle of irrigated potatoes

mi ‘ i found to be infested with wild oats. The infrared slide was used
mf%;i:;z’tn?;:?' tcoaon' tg:;:?llts r;:.:; ‘ ‘;:\:sio?lowi.n: year to I'«T" this weed infestation so that it could be
faru.er, whether he irrigates or not. SO A X NS
“If you're-a dryland farmer and can
stand flying,”” the farm consultant
advises, “‘get up in the air and take a
look at those crops because there's
a lot of things you don't see from the
ground level.” ’

“Once you get up in the air and
take a picture of a field,” he con-
tinues, “all the sins that you have
committed in managing that crop
are exposed on fiim.” And the soon-
er you take advantage of this tool,
Smith concludes. the sooner you can
begin to correct management errors.

“either now or in the future. ]

The streaking effect in this sunflower field was caused by a plame'r
maifunction—one of the outside units on a 12-row pl:_mter wasa't
working properly. Indicates the need for some type of monitering
device on the planter.

Daorkened lines running to the left of center in this field of irrigated
potaioes are rows where there are no plants growing. Th? ut"niform-
ity of the lines, which follow the pattern of o machine, indicate a
maltunction of the pianter.

Darker lines radiating out from the canter of this irrigated circle in-
dicate that some areas passad over by the sprinkler are watter :ﬁun
others. Upon closer investigation, it was determined that the irriga-
tion unit was nat moving a7 g unitform speed.
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The darker red area on this irrigated circle was investigated from
the ground and was determined to be an excess application of ni-
trogen. The irrigation rig, in applying the nitrogen, had not distrib-
uted it uniformly across the entire circle.

The dark ring just inside the perimeter of this circle of irrigated po-
totoes indicates a sprinkier maifunction. Upon closer investigation
from the ground it was discovered that one nozzie was putting on
less water than the rest, creating the ringed effect on the infrored
slide.
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A new twist sends old technique soaring

Remote sensing

everal co-ops and a few farmers
are going to the air to monitor
their crops and rangeland using the
technique known as remote sensing.

Actually, it’s an old technique with a
new twist. A farmer may not think of
it this way, but anytime he checks his
crops or pastures by slowly driving
past them on a summer aftamoon,
he’s doing remote sensing. To the
experienced- eye, there's lots to
see—insect damage or ferality prob-
lems may be showing, a weed patch
may be getting out of hand, or the
pasture overgrazed.

The same thing is being done from
the air, with cameras loaded with or-
dinary black and white and color
films, or the special infrared and
thermal films. Black and white
photos have been used for years for
mapping. The Soil Conservation
Service likes to use photos taken in
the spring when the ground is bare
and soil types show up well. The
ASCS generally uses photos taker
during the height of the growing sea-
son when flelds stand out best.

On color infrared film heaithy crogs
show up a bright red while less
nealthy crops are lighter. The advas-
tage of color infrared is that crogs
under stress can be seen on the cclor
infrared film much sooner than by the
eye or regular color film.

A few farmers near Gettysburg,
South Dakota, got a look at their irri-
gated croos last summer on infrared

"{lm when the Poter County Grain

Co-op in Gettysburg experimented
with the technique.

The plane covered the fields oniy
once, but Mike Stewart, fertilizer
manager at the ¢o-0p, said the farm-
ers all found the pictures informative.
[ can't say we came up with any
twemendous problems, but we did
change some management prac-
tices,”" Stewart said.

""But you got {0 have the guy with.

vou who knows the field,”” Stewart
added. '‘He can take one look and
say—that's where he forgoc 0 tum
on the anhydrous applicator, or
where they mixed too much water in
with the chemical.

This summer they'll try it again at
Gettysourg, flying the fields
twice—once in the spring shortly
after the corn germinates and again in
August wien heat and moisiure sress
should be at its worst.

One of the problems in using color
infrared photography as an earty de-
tection technique is that although it’s
fairfy €asy to get good pictures, it
may take one to two weeks (o get the
film developed—too late to do much
help if the situation is critical.

Lute Armstrong at¢ Full Circle, Inc.,
in American Falls, Idaho, has solved
that probiem by expanding on his
photography hobby and developing
his own film. !

Last summer the co-op took aerial
infrared photos of 13 grower’s center
pivots every Moaday morning.

Armstrong developed the slides that,

afternoon and by the next moming
the prints were in the hands of the
Full Circle field men.

**There were 2,300 acres that we
covered in any hour that would have
taken two weeks to cover with a
fieldman walking them,"" Armstrong
said. He figured it costabout |2 cents
per acre per’picture, although the
co-op did not charge the farmers in-
volved since it was part of an 2xperi-
ment. He added, though. that it
would be higher if the film was oro-
cessed commerciaily.

Like sverytody who works with in-
frared film, Armsuong empnasized
that vyou can't @l exactly what's
wrong by looking at the slides—out
you can see that there's some sort of
problem out thers that has put the
crops under stress. With the photo in
nand, you snould be abie 0 walk

Taken from: Co-op Country News, April 17, 1978

directly to that spot and investigate
the proolems.

Armstrong said most growers were
interested in their water manage-
ment, particularly because of last
year's water shortage. They also
found other uses. Potato growers
were able to spot 2arly potato blight.
“If we can weat the blight when it
starts,"”” Armsgong explained, *we

‘can get [(wo more weeks growing

time on the potatoes. Tne difference
between when the infrared picks up
the stress and the naked 2ye is that
wo weeks."”

Other uses of aerial pnotography for
agriculture are being developed.
There are places in Montana, for in-
stance, where the terrain is so rough
that large areas are totally isolated.
Ranchers in Cascade County were
having problems with leaty
spurge—a waist high wesd with a
pretty yeilow flower that has a nasty
habit of taking over grassland.

The ranchers were spraying the
weed, but nad lictle success since
weed seeds wers coming downriver
from the isolated upper Smith River.

Cascade County offictals hired a con-
suiting service to get aenal <olor in-
frared photos of the isolated arsa and
make a map of the weed patches. Jeff
Ryan, remote sensing speciaiist with
the Ecological Consulting Service, of
Helena, Moatana, said the leary
spurge showed up bright pink on the
infrared fum. They checked their
photography by {lying into the area
with a helicopter.

[t's believed about 30 perceat of the
leafy spurge sites were locatad, Ryan
said. Maps wers tumed over o the
county and this summer, county
workers will spray the noxious weed.
**The weed control peopie now have
an idea where the probiem is and the
size of it,”" Ryan said.



In the Red River Valley along Min-
nesota and North Dakota’s border,
remote sensing is saving the sugar
beet co-ops about S1.73 million by
reducing spoilage losses according (0
Don Moore, director of the South
Dakota State University's Remote
Sensing Institute.

**We can use thermal scanning tech-
niques flying over sugar beet piles at
night to detect where spoilage is oc-
curing,”” Moore explained. "“Then
workers go out and section out those
parts of the piles.”’

Thermal scanning is also being used
in experiments o detect the forma-
tion of saline seeps. "*We're looking
at the thermal specrum because soils
that are high in moisture content have
greater svaporation and are cooler,”
Moore 2xplained. Next year, the
joint project among Nocth and Scuth
Dakota and Wyoming will take 2
look at the microwave specoum.

[n Montana, Ecological Consulting
Service has done 2xperimeats in
using color infrared o cetect saline
seeps for the Montana Departmentof
State Lands.

“*Eighty percent of the time we could
see the entire seep mechanism at the
high alticude of 40,000 fest,” said
Bob Carroll. of the consulting ser-
vice. Yet, he added that although the
technique appeared to be successtul.
he doubted it would ever be usedona
statewide basis because of the cost.
**Tt would cost probaoly 33 million t©
fly the antire state of Montana and
interpret the photos."

While remote sensing works well in
some situations, Merle Meyer, direc-
tor of Minnesota’s Ag Ramote Sens-
ing Institute, cautioned that it won't
always work. ** A lot of times people
think if they’ve got color infrared
photos they can see everything, buta
lot of times you can't.”

-~

" Researchers at Minnesota have besn

unsuccesstul in finding a system (0
spot Dutch 2im disease that is =c0-
nomically feasible. They've also
tried detectng leaf spot disease in
sugar beets with lictle success. By the
time it showed up on color infrared
film,”” Meyer said, it was all over
but the shouting.”

An infrared aerial
view showing how
soil types affect
crop vigor—the
fields to the bot-
tom and right are
soybeans. The
bright red strip is
corn. Left of the
corn is an oats
field. Photo by
Steve Sodeman,
field agronomist
for the Trimont
(Minn.) Co-op As-

sociation.

Uses of remote sensing in agriculture
are just starting. Except in the arsa of
soil surveys, Meayer said, "'not that
much nas been done in applied ag-
dculture. There's plenty of green
fields for developing practical uses,
and [ would underline practical. A lot
of these applications have 0 be
worked out rather carefully, and
you’ve got to be tough oa the dollar
end. [t's a precty jazzy way (0 g0, but
if it doesn't pay—iforget it.”’
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Check
trouble
Spots
with

infrared

by Geraid H. Smith

Consultant, Farm Management and Agricuttural Research.

West Fargo, N. Dak.

During the growing season a crop is
subject to many elements that can
cause abnormal growth of a plantin a
field. Infrared photographs of fields can
be used as an effective tool to identify
that abnormal growth in small or large
areas in the field.

The photographs can be taken by
anyone using a 35-mm. camera with
Ektachrome infrared film and a deep
yellow =15 filter. The airplane should
fly at an altitude sufficient for the pho-
tograpner to cover the entire fleid in
question. If the photographer’s stomach
can tolerate the motion, the plane can
be tilted on its side as it goes over the
area to be shot. This technique gives a
picture of the field that puts all areas of
the fieid in proper perspective.

Interpretation of what is seen on the
slide becomes easier with experience;
however, the main object of taking the
picture is to identify a probiem which
shows up differently on a slide than the
normal dark red color seen in Sgure L.
Viewing a slide, it is difficult to idendfy
a specific disease or insect problem by
looking at the slide alone, but the
unhealthy plants will show a different
color than the healthy plants, which is
the information a grower is seeiing. He
can then pinpoint the locadon of the
problem and inspect it in the fleld and
identify the cause of the poor growth.

In figure 1 the red color is uniform
througnout the Jeld with only minor
ight spots toward the lower portion.
The light spots are a result of coarser
textured soil or sandy ridges that are
unable to hold the moisture and nu-
trients to sustain the vigorous piant
growth seen throughout the remainder
of the feid.

Figure 2 has a uniform red color with
the exception of planter skips (A) made

from one end to the other. On the bot-’

tom side of the field the color of the
plants changes to a lighter gray which
didn't receive as much water and ni-
trogen as the remainder of the field.
This condition could be caused from
over-planting the field boundaries,
improper diszribution of the end gun or
the influence of 2 prevailing wind. The
large dark spots to the left of the center
pivot are shadows from clouds. It's
preferabie to take pictures from about
10 a.m. to 3 p.mn. for goed color develop-
ment; however, that is aiso the same
time when clouds form quite frequently
during the growing season.

Cropping history has a definite effect
on crops growmg under irrigaton on
sandy soils and is more important with
shallow rooted crops. The strips seen in
figure 3 were corn and alfalfa the prior
vear. The residue from it had a greater
water and nutnent holding capacity
than soil around it.

The straight lines on the right svstem
in figure 4 are old roads and un-
derground gas lines. The population is
much poorer on the right system as
compared to the left. Obtaining a good
populacion is a paramount key to op-
timum crop production under dryland
or irrigation, but more so under irriga-
don because of increased production
costs. A grower should evaluate every
portion of his pianting operation, par-
ticulariy conditions swrounding ger-
mination and emergence o maximize
the population in the fieid.

Irrigadion is the appiicaton of water
on a field In 2 uniform manner. A grower
purchasing a new svstem or acquiring

Taken from: Irri

gation Age,

land with an irrigation system on it
should check the gmount and unifor-
mity of water appiied to the soil. New
systems can have components installed
incorrectly and old systems develop
problems of wear and breakage that can
seriously affect water distribution. In
figure 5, a ring can be seen about half
way to the center which goes around the
fields in a circular manner. This ringing
effect is commonly seen in fieids where
the system was improperly nozzied. The
result is more water being appiied in one
area of a field than another. On the
lower system, a saw-toothed edge can be
seen on the lower left side, which is the
result of an end gun malfunctioning.

In figure 6, watering lines can be seen
radiating from the center pivot. Water.
ing should be uniform as seen in the
lower left portion of the circle. The
radiazing lines are a result of irregular
movement of the system.

Infrared photos are a good tool for an
Irrigator to get an aerial view of the
development of his crop. If a program is
developed and followed, it forces the
irrigator to spend a given amount of
Sme on inspecting his crop more
frequently than he may do if a definite
program isn't developed. Each grower
mspects his own flelds in a different
manner. Some do it at 55 mph from the
pickup, and some do it on the
“tomorrow when [ get time” schedule.
Needless w0 say, many problems can be
deveioping in a field that both of these
methods wouldn't disciose.

Walking through a feid on a regular
basis is a good habit to follow; however,
aerial photos can reveal many more of
the overall field probiems that ground-
level views don't. ¥

July-August, 1978




These six infrared photos illustrate a relatively new management tool
that more farmers could be using. Farm management consuitant Gerry
Smith explains each abnormal area in the story on the facing page. A
good aerial detective can see many probiems that you can’t see from
ear height viewing.

Editor’s note: Producers attempting to do their own
aerial inspection of fields will find it increasingly diffi-
cult to use the ordinary 35-mm. camera as suggested
in the article. Ektachrome infrared film in 35-mm.
size has not been upgraded for Kodak’s new E-6 pro-
cessing. So producers in certain areas may not be able
to find the film or a processing plant to handle it. In-
frared film will remain available in 70-mm. size, used
in aerial cameras and specially processed.
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It’s Time to Consider Aerial Bidsensing

This new management tool using color infrared photography
offers a way to save time and money with quick and accurate
identification of crop problems.

35

ETECTING a crop in stress by tak-

ing its X-Ray from a plane? It may
sound like magic, but aerial biosens-
ing, or color infrared photography, is
definitely scientific and backed by be-
lievable results. Offering this accurate
technique as a service can give you a
space-age edge on identifying and
solving many crop problems not seen
on the ground.

Although an innovation going back
to the days of astronaut Wally Schirra,
color infrared photography has only
rather recently %een applied as an ag-

Contrast normal color print (at right) with photo taken using color infrared
photography. Note the greater detail availabie in the photo below.

ricultural management tool. It is now
being used to monitor pest attacks,
fertilizer applications, growth pat-
terns, water distribution, even'to
check for soil variations and equip-
ment failures.

As one photographer illustrates,
“Typically a farmer growing field
corn will have us shoot the field three
times a season. The first shot is when
the corn is in the 6-8 leaf stage—to get
an idea of what his stand is like.”

He added that this first shot would
show germination problems, irriga-
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tion patterns, and herbicide and fertil-
izer uniformity. The second shot
would be taken during the critical
state of silking and tasseling to detect
crop stress. “If you put a crop into
stress then at silking and tasseling,
you can have a loss of 40-60%, so we
are very interested in moisture stress
at that time. We make sure he's get-
ting his water on right and that sort of
thing.”

The third shot would be taken at -
crop maturity—this is what helps the
grower make some decisions about




which fields to pick first and how
much moisture can be tolerated.

Color infrared film (not to be con-
fused with thermal infrared) is a false
color film that shows living healthy
vegetation in red. The aerial view
gives a perspective, obviously, not
possible from the ground—showing
actual shapes and patterns which can
be scientifically interpreted as being
caused by specific events such as pest
attacks, faulty equipment, sloppy ap-
plication, etc. [t reveals things that the
naked eye cannot see.

How It Works

According to Omax Biosensing,
Omaha, NE, what the method does is
to catch the reflective light from a
green leaf above and beyond what can
be done with natural color photogra-
phy. Plants reflect aver 40% of the in-
frared light that strikes them as com-
pared to only 8% of the visible light
striking them as seen by the eyes or
natural color photography.

There is a better chance that even
the smallest changes in a crop will
show up with infrared, compared
with normal vision and photography.
Practitioner Richard Bigler of Richard
Bigler & Associates, Del Ray, CA, who
began working with infrared at its ear-
liest stages explains that infrared
“helps you to see problems before you
can see them with your normal eyes. It
allows us to look into the plant, and
see a problem, and correct it before it
becomes disastrous.”

The method is not some sort of
modern day quackery. The practition-
ers take their efforts seriously and dis-
courage any lack of professionalism.
In 12 years of photographing, Bigler
has personally invested ‘‘tens-of-
thousands of dollars” on research and
equipment which enables him to con-
fidently claim “no one gets the color
resolution I get.” His $3000 Has-
selblad, 70mm camera was especially
modified at Zeiss, Germany for in-
frared with his own design specifica-
tions. He has also designed his own
filters and lenses and has been known
to spend $3000 on just one lens.

Using a Cessna designed with a
special mount for the infrared
cameras, Bigler operates up to three
cameras at one time. He has the pilot
first climb to 10,000 feet, then de-
scend to 2500 feet. Using 2% film he
shoots about 70 photos and has them
processed in Los Angeles according to
his own specifications.

Another photographer, Jim Baber of
Omax Biosensing in Omaha, NE,
points out that infrared is a specialty
business. He flies in a Cessna 210 with
a camera mounted in the belly and
takes only vertical photography for in-
terpretation purposes. Although
Baber says some people shoot out the
side window, he emphasizes that this
is not the way to go for good results.

Baber, though contemplating in-

vesting in a 70mm Hulcher, uses a
35mm single lens reflex Nikon with
motor drive that automatically prints
the date on the slide. He admits that
any good photographer could re-
search the infrared technique and
shoot his own pictures, but notes
there are some important technical
aspects that must be observed: “We
can only shoot from about 10 in the
morning to about 3 in the afternoon.
We have to shoot when the sun is
about 20° either side of the zenith. If it
gets any lower than that in the after-
noon or higher than that in the morn-
ing, there would be too many
shadows and you don't get the right
kind of reflections off the crops.
“This film is very heat sensitive,”
he adds, “‘so we take it out in the field
in a deep freeze, very close to 30-32°
inside, on the morning we are going
to fly. As soon as we load the camera
we shoot it and as soon as it is shot,
the film goes back in the ice chest.”
Baber stresses that the photographs he
has seen by those who haven't taken
special precautions have been very
disappointing and distorted in color.

Service Made For the Dealer

Infrared offers the dealer a unique
way to help his growers scientifically
manage their crops. By lining up a
good photographer who is a good film
interpreter (or who has one working
with him), the dealer can save time
and money for his customers—and
improve his own professional reputa-
tion.

There's no need to be involved with
the flying, photography, or interpreta-
tion. Infrared can be offered as any
other service would be—as a tool to
help the grower do his job.

Chemical dealer Marvin Mevyer, Fer-
tilizer Service Co., Inc., Sidney, NE
feels that ~Infrared in my opinion is
one of the best management tools to
come along. I think probably one of
the biggest helps that I've found from
it is that we can use this in soil sampl-
ing. With the infrared photos we can
narrow down the problem areas in the
field...and of course those are the
areas that actually cut our yields any-
way.

“We use the infrared photos as field
maps and can save an awful lot of
time by pinpointing the problem ar-
eas, sampling them, and finding out
why they're different from the rest of
the soil in the field. We can work on
those spots and if we get the soil built
up to produce like the other ground
why then it is really worth the expen-
diture the farmer puts out.”

Fertilizer Service Co., Inc. has been
offering infrared for just one year, but
already Meyer can see the demand for
the service is increasing substantially.
Much of this acceptance is due to
word-of-mouth grower approval.

Hollis Miller, Miller Seed and Sup-

ply Co., York, NE indicated that in-
frared more or less sells itself —when
people see the results they go ahead
with the program.

Miller also points out that on the
whole, this service is profitable. "It is
a benefit to the grower, and anything
that benefits him is bound to benefit a
dealer.”

Developing a feasible and afford-
able program for the grower can be
approached in several ways. Richard
Bigler notes that the cost is related to
acreage—the larger the acreage, the
better. He's been able to photograph
10,000 acres for as little as 15-20 cents
an acre. For the typical grower of 1000
acres or less, he has provided service
for $500.

Bigler says that “Under ideal farm
conditions with a good grower, we
might only have to look at a field once
a year; twice a year at tops.” There are
some crops, however, that demand a
closer watch. These crops may be
checked from the air up to three times.
Of course, any extra problems—such
as an unexpected pest attack—might
require extra runs. Bigler says that al-
though the time needed to shoot the
film, process it, and send out the writ-
ten report to the client usually takes
about a week, in serious conditions
where time is crucial, reports can be
completed in two days.

In working with dealers, Jim Baber
requires a minimum of 1000 acres to
be photographed. “The cost is not jus-
tified for anything smaller,” he ad-
mits. The dealers line up either a good
sized grower or many small farmers.
He has had the most success with the
second alternative.

If the dealer can line up 10,000 to
15,000 acres he gets a price break.
Baber explains. “We have situations
going now that range from $1.25 an
acre down to 22 cents—it just de-
pends on how many acres are in-
volved.”

After the dealer has lined up the
acres, then Baber takes a mobile unit
and technician to the area. About

.three times during the day, he will

drop off film at the mobile unit for
processing. There is a one-day turn
around for viewing the film. Return-
ing home with duplicate photos,
Baber leaves them with agronomist
Dr. Dale Flowerday, University of
Nebraska, Lincoln NE, who gives a
tape report of what he sees. The cas-
settes are mailed to the dealer within
4-3 days.

Although many dealers get 20-25%
for promoting the service and lining
up the fields, there are other ap-
proaches. Marvin Meyer offers a com-
plete package—takes soil samples,
sends them to an independent lab,
gets the results and programs fertil-
izer applications, herbicides, insec-
ticides, and sets up the infrared
photography—all as part of his con-
sulting program. He pays the infrared
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In Califarnia’s Imparial Valley, citrus trees near
water pond show sait damage created by plug-
ged leach lines.

photographer to take the pictures and
passes the cost onto the grower as part
of the consulting service.

Meyer illustrates, ‘“‘Say their fee is
$2.00 an acre. [ figure my fee is $2.30
an acre. That gives me 50 cents an
acre for my time, the cost of the soil
samples, and everything like this. It
really isn't a money making
operation—it is just providing a ser-
vice. ... The main thing is to work di-
rectly with your growers. I feel with a
program like this we can provide
them with a good service.

“Now, not everyone takes us up on
it. And they don’t have to. If a person
came in and didn’t ‘want any infrared
photos, I would still do all the pro-
gramming and everything.”

Not all dealers, according to Jim
Baber, are charging for the infrared
service. ““We have some chemical
dealers who are doing that just to in-
sure their place in the market; to show
they have leadership in the area,” he
said.

Room for Innovation

Promoted in the usual manner—
through radio and newspaper adver-
tisements, grower meetings, and
word-of-mouth—it is a service that is
so new that there is a lot of room for
innovative marketing.

There are some ?imitations that
must be considered. Confusion stem-
ming from a basic lack of understand-
ing of the techniques involved has
sometimes made growers and farm
advisors skeptical of its worth. This
confusion combined with some irres-
ponsible and overzealous statements
as to what it can do, has given infrared
a slow start—in spite of the fact that
dramatic and “accurate value is often
realistically possible.

One example of irresponsibility on
the part of an over-enthusiastic pho-
tographer was reported to Meyer. A
grower told him how a photographer
monitored his corn and advised him
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Note the aimost immediate radiant red color
change in grapes that have already recaived ir-
rigation water.
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Variance in growth in archard from age of trees
and orchard management are caught on film.
The dead block of trees resulted from applica-
tion of incarrect pesticide.

All photos courtesy Richard Bigler

that one particular hybrid was worth-
less and two other varieties were
going to really out yield it. “It hap-
pened to be in an area,” continues
Meyer, “where there was a bad infes-
tation of a bacterial wilt. The one that
the photographer said was a failure
was the only hybrid left standing in
the field.

“This is why [ say—don’t make
statements unless you know what you
are talking about and can back it up!”

One infrared specialist has found a
reluctance on the part of some to ac-
cept the concept because it is too
accurate—it shows up sloppy and
careless applications. He em-
phasized, “A guy that’s farming for an
absentee landlord—when they see
that film, they darn near freak out, be-
cause it shows every mistake that
they’'ve made.”

Where It Can Go From Here

Most of the true believers in in-
frared. however, are convinced it will
eventually get off the ground.

Hollis Miller explains, *“The people

Center field shows paorer piant growth caused
by changes in the sail profile.

who are using pest management are
continuing to stay with it because
they feel like it's paying them. The
same thing is happening with
infrared—we are having people stay-
ing with it too.”

“l see an enormous future for it,”
says Richard Bigler. “If you're just one
person running around the field try-
ing to find out what's going on, and
you've got 2000-3000 acres—how
long is it going to take for you to find
out? With infrared, you can find out
and have an accurate, scientific an-
swer in two days.”

As Marvin Meyer points out, I -
think probably that infrared monitor-
ing might be just the start! A lot of
things might come up in the next few
years.”

Some of these advancements have
already begun to take shape according
to Jim Baber. “The future really lies in
new technology. Line scanners, for
example, have a lot more capability.
Instead of recording a field photo-
graphically, you record electronically,
on magnetic tape.”

“Right now the only people work-
ing with these things are research or-
ganizations like NASA,” he adds.
“But, I feel that at some point in the
future—who knows how fast technol-
ogy is going these days—maybe 3
years, maybe 10 years, we'll have line
scanners and we will be able to mea-
sure fields electronically.”

Infrared isn’t the panacea for every-
thing, but used as a management tool
it can be effective. Like all tools, get-
ting the most from it depends on what
you put into it.

By contacting Aerial Biosensing
Association (ABA), a new organiza-
tion to encourage professionalism in
photographing with infrared, the
dealer may get a good idea of what to
expect from photographers and inter-
preters before he gets involved with
them. Vice-president Cal Kuska can
be reached at Aerial Biosensing As-
sociation, 1300 City National Bank,
Omaha, NE. FC
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What
infared
photos
can tell
you

NEED A crop management tool
that will let you Iook at a lot of
things in your fields in a hurry?
If so, consider infrared pho-

tography, or aerial biosensing. It
lets you see the total picture of
your fields and crops from the
air in a single image. Aerial pho-
tographs may be used as follows
to aid in crop management.
® Preplanting—to determine field
surface conditions and cover.
Good also for obtaining soil pat-
tern information.

® Emergence—to check germi-
nation and possible problems
with insects, disease, weeds, or
equipment failure. Photos can
help make replanting decisions.

e Mid-growing season—to check
stand growth and development
and plant loss from adverse mois-
ture, disease, etc. Also, to moni-
tor forage availability in range-
lands and water distribution by
irrigation systems.

e Preharvest—to check for lodg-
ing, weed infestation, uniformity
of ripening. -

® Post-harvest—to check field '

cover in harvested areas for weed
and volunteer regrowth patterns.
® As required otherwise—to
document special situations, such
as floods, tornadoes, hail, drouth
or other damage.

This added crop management
tool is not a pie-in-the-sky idea.
Nor is it anything new. But the
past year it found greater use in
the Midwest and more producers
now are saying they want pic-
tures of their crops this year.
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poor water distribution pattern of the center-

pivot system was detected and the malfunction of the system corrected.
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Drainage problems and soil-type variances are highiighted in this photo of
a non-irrigated field. Photo was vaiuable in making tile drainage decisions,

Infrared monitoring works be-
cause it’s like x-raying a plant,
explains a spokesman for Omax
Biosensing, Omaha, NE, a com-
pany formed to provide aerial
infrared crop monitoring service
to producers through chemical
and irrigation dealers. Infrared is
reflected from the leaf’s interior
and the slightest difference in
crop reflectance indicates that a
change is taking place in the
plant.

If you can spot this change
quickly enough, you may be able
to save a crop, report officials ot
Aerial Biosensing Assn., Omaha,
a group formed.to promote this
method of management.

With some of the bugs being
worked out of the procedure, so
that producers can see results of
field photos more quickly, along
with expert interpretation, infra-
red photography will have real
possibilities within the next three
years or so, a University of:Ne-
braska agronomist believes. Dr.
Dale Flowerday adds, however,
that it will not replace soil test-
ing or field monitoring.

And, within a few years, be-
lieves Flowerday, producers may
be going more to heat sensing,
rather than infrared, to detect
crop conditions. “Today, heat
sensing requires a $50,000 ma-
chine, a television screen and a

Taken from: The Farmer, January, 1979 38
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tape to run it from,” he explains.
“But, someday, a simpler system
may be developed.”

An important benefit of infra-
red photos is that they can show
that managément errors you've
been making in your fields are
adding up to a lot more yield
loss than you may realize.

A Canadian photographer,
Mack McKinnon, who runs Prai-
rie AgriPhoto, Carman, Man.,
says that what may be judged
from the ground as a few bad
patches may show -up as 20 to
40% of a field when viewed in
an infrared photo.

McKinnon charges about $40
to take an infrared photo of one
square mile of land and $6 for a
print from the film. One spring,
he found that severe crop dam-
age in part of a sugarbeet field
turned out to be caused by wire-
worms. The farmer still had time
to control the insects. and replant
the damaged area. Another farm-
er discovered early that his oats
field was heavily infested with
thistles. He decided it was -best
to plow it up for summerfallow.

Photos taken in 'the middle of
the growing season usually are:
too late for corrective action that
year, but they can be useful in
planning a ‘better management
approach the next- year.

Verifying the work

Another advantage of photog-
raphy is to- verify work quality
of farm employees. One large op-
erator let some of his farm help
go after studying photos of his
fields. And, thanks to photo-
graphic evidence, he also is nego-
tiating with a commercial chem-
ical applicator for a lower price
on a job performed.

You can turn that evidence
around, too, and use it to show
a customer how good a job an
applicator did.

Dr. Vernyl Pederson, plant
pathologist at.North Dakota State
University, advises farmers.to get
acquainted with their fields and
know what they look like from
the air. Then they can look at
photos and be better able to. pick
out anything different or unusual.

“But, as far as picking out a
disease early, just from photo-

P!arﬁar problems were evident in this photo. Streaks sho

while white spots indicate where entire planter was inoperative.

This late-May pi‘nolo pinpoints specific areas of bindweed infestation. The
farmer was able to spot-treat ths areas, thus saving herbicide costs.

graphs, a producer would really

have to know the history of his

fields,” states Pederson. “Know-

_ing that, he could say, ‘That’s a

draw that runs through there, or
that’s a high-alkaline area, and
that’s the way it always looks:’
The key is to really get acquaint-
ed -with your land.”

What do crop consultants think
about infrared?

Ed Lloyd, founder of Agvise,
Inc.,.a Northwood, ND consult-
ing firm, sees it as simply a tool
with some pitfalls attached. “I
guess that’s why I don’t hoorah
it,” he states. “It looks so good
in color in a magazine that it
almost looks too good. to be true.
It's a matter of interpreting it,
and you have to know how to
interpret infrured.

Lloyd feels that using color
film, along with infrared, would
be ideal. But this also would be
twice as expensive. He advises
farmers to work with someone
who knows how to interpret the
film.

Lyle Ross of Ross Farm Busi-
ness Service, Alexandria, MN,.
who has just gotten into using
infrared with a few area farmers,
sees it as a growing management
tool. “The farmer’s sins are right
out there in front of him. If he
wants to make a profit on fields,
he will look at his sins (with in-
frared) and try to correct them,”
he comments. 4 -

“Infrared has. been lying there,
ready for ue, but only now has



the time come to use it, as pro-
ducers are looking for finer points
to increase and maintain produc-
tion,” adds Ross.

A farmer-inventor from Pope
County, MN, Clint Welti, owner
of Welti Enterprises, which builds
center-pivot irrigation systems,
has modified his airplane and
photographed some 20Q pieces
of land in his area in preparation
for anticipated contract. work
with area irrigation farmers.

He feels that, with the aid of
an agronomist, he could photo-
graph up to 200 farms next sum-
mer and make “for the farmers
a pile of money, because there’s
a lot of information that could
be learned:from it.” 0
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Why not
take
your own
aerial
photos?

by Hal Werner

University of Minnesata Extension
Irrigation Engineer, Staples, MN

IT’S POSSIBLE to take your own
infrared photographs. About all
the equipment needed is a cam-
era and a small aircraft.

If you're lucky enough to own
your own aircraft, or you can

Bﬁ 5 . vestment is re-

@&&NNEE} quired for the

remaining equip-

ment. However,

1 if you don’t own

an airplane, the

cost of flying service is likely to

be the largest part of the total
cost.

A 35mm camera commoanly is
used to take aerial photos. A sin-
gle-lens reflex (SLR) type with an
internal light meter is best. De-
sirable shutter speed settings are
from 1/125 to 1/500 of a second.

The camera lens must accept a
filter. A Wratten #12 (yellow)
filter is recommended by Kodak
for use with their Ektachrome
color infrared film.

Even though black and white
infrared films are available, color
infrared is recommended for uses
discussed in this article. The Ko-
dak film is similar to Ektachrome
slide film. Sensitivity of the film
has to be controlled to photo-
graph reflected infrared sunlight
(represented by red colors on the
film). ’

Careful storage of infrared film
is necessary to maintain quality.
Don't use outdated film. Storing
in a- refrigerator until use is 2
good practice.

neighbor’s, only
a minimum in-

utilize your

Film processing ,
Film processing should be done
as soon after exposure as possi-
ble. If the photos are used for
dynamic analyses, such as for
weekly interpretation of crop
problems, a processing lab that
offers fast service (one day) is

.needed to insure timely informa-

tion. Some commercial labs may
not process infrared, so arrange
to take corrective action in time
for processing before taking the
photos. Home processing also i
possible.

If infrared film and processing
are not available, standard color
slide film offers a good alterna-
tive. Since infrared is not magic.
the discerning eye may be able
to see as much using standard
color.

Aerial photos need not be
taken vertically but should in-
clude coverage of the entire area
desired. With standard 35mm
camera lenses, aircraft altitude
will be about 3,000’ to obtain
coverage of a quarter-section of
land.

Exposure settings can be de-
termined by experimenting or by
using the camera light meter (as
prescribed in film directions).
Avoid taking photos through air-
craft windows or with other ob-
structions in the field of view.

Best time of day to photograph
is between 10 am and 2 pm on
cloud-free days. Cloud shadows
make photos useless for interpre-
tation.

In viewing the color slides, as
a number of farmers in Minne-
sota and the Dakotas have done
in recent years, a panoramic look
at an entire field is possible. Subtle
differences that may not be visi-
ble from the ground will appear
on the photos.

In general, healthy-growing
crops appear red on color infra-
red film. Each crop may be dif-
ferent. For example, alfalfa nor-
mally has a brighter red appear-
ance than row crops such as corn
or sunflowers.

Variations in color and tones
on the slide indicate differences
within the crop. These differences
could result from one or more
of the following:

e Crop itself. The crop type, va:
riety and maturity generally con-
trast on the infrared slides.

@ Soils. Differences in soil types
and slope, along with drainage
or lack of it, are evident, especi-
ally at certain times of the year.
e Cultural practices. Old field
boundaries, row spacing and till-
age practices will show on photo-
graphs. Equipment problems,
such as planter and sprayer skips,
also are easily detected.

o Fertility. Differences in fertiliz-
er treatments or application prob-
lems can be identified.

o Pest problems. Spotting weed,
insect and disease infestations be-
fore they become uncontrollable
is a valuable use for infrared.

® Soil moisture. Using aerial pho-
tos to assist with irrigation can
be helpful. Moisture stress or irri-
gation equipment problems can
be identified. ’

Learning to interpret the pho-
tos is the key to success. Some
interpretations are easy to make.
But an experienced interpreter

may be needed to determine
some of the causes of differences
on photos.

Many things influence how a
crop appears on a phcto. And,
without experience, you may con-
clude only that there is a prob-
lem. Field checking on the ground
is essential in pinpointing the ac-
tual problem.

Remember, too. infrared pho-
tography is only a tool, not the
solution to a problem.

THE FARMER, January 20, 1979



Infrared film for aerial photography

by William H. Anderson
Applications Scientist, ERQOS Data
Center

Considerable interest has developed
recently in the use of aerial photographs

forEasricuti:ur;l anag;:le:tl:x 4 serial Figure 1 FILM COMPARISON
ven the simplest hand-held aeria
photographs, sspecially thoss taken NORMAL COLOR FILM COLOR INFRARED FILM
_W‘f‘h color-infrared Eil,m;r‘i?f‘e" P'ﬁ";ﬁe Film Sensitivity | | Colar On Phota | Film Sensitivity | |Color On Photo
mr?g;ngu;:; ;:ro::nd gbs::acaione In Emulsion After In Emulsion After
When fields are viewed from above, Layers Processing Layers Processing
patterns and variations become more
apparent, often allowing problems to be BLUE ? BLUE B[BL:‘JEd tLlIGF}?lI. BLUE
spotted which may otherwise go unde- | gcked Dy riiter
i GREEN wp  GREEN GREEN " GREEN
Once a potential problem has been .é ‘i
discovered through airphoto interpre- RED =k RED RED A RED
tation, the site can be visited on the
ground where an exact diagnosis of the . INFRARED |
bl be made and iat
g;n:gr;;::c acrzgne zzcidi%?m(%zfnz Figure 1—Film sansitivities and final image color of normai color and color-infrared film.
examples of the use of aerial pho- Notice that color-intrared film is always used with a filter (yellow) over the lens to pravent

tographs in agricultural management unwanted blue light from reaching the film.
v 2

are summarized in the accompanying Figure 2—Low-aititude 3S—mm color-infrared aerial photograph taken in mid-July 1369 of a
table.) field of recentlty emerged corn in southem Wisconsin. Heavy rains had fallen a few days

Practical experience has shown that befare this photograph was taken, and standing water can be seen at C. Tha better drained
color-infrared film is usually best for portions of the lield (A) appear in light tones. The somewhat poorty drained portions of the

agricultural aerial photography. Al- fieid (B) appear as dark tones. Test auger borings in the light toned areas (A) indicated four
though color-infrared flm has been feet of silt over sand and gravel as compared to an average of eight feet of siit over sand and
available since World War IT when it gravel in the dark toned areas (B). As can be seen, a timely aerial photograph can be used

R .‘ f d . to help determine the soil moisture capacity patterns of individuat tields. Compare this
was OWR 23 CRmpuiage Gatsion ohaotographn to figure 3 which was taken of the same field later in the growing season. It

ﬁlm,' many peogle ar? unfami'lla,r with shows very dramatically the effect of soil moisture capacity variations on crop growth and
its somewhat unique characteristics. development.

Most of us naturally tend to associate
the term “infrared” with heat or temper-
ature. This leads to the misconcep-
tion that color-infrared film records the
temperature of objects in the scene.

Technically speaking, the term “infra-
red” can be used to describe a large
portion of the energy spectrum includ-
ing both heat and nonheat portions; but
photograpns taken with color-infrared
film essentially have nothing to do with
heat or temperacure measurement. Ac-
tually, color-infrared film is very similar
to normal color film except that its
sensitivity to light has been extended
slightly beyond the visible portion of
the spectrum and into the infrared
region.

Both nermal color film and color-
infrared flim consist of three separate
layers of photograpnic emulsion on a
clear film base. In normal color film, one
emuision layer has been made sensitive
to blue light. one to green light. and one
to red light. The images recorded on the
three smulsion layers of normal color
dlm combine in the final image to form
colors which closely match chose of the
original subject.

Color-infrared film, somecimes re-

Taken from: Irrigation Age, February, 1979




ferred to as “false-color lm" also pro-
duces combinations of blue, green, and
red in cthe final image; but the blue color
results from exposure by green light. the
green color from exposure by red light,
and red color by exposure of the
infrared seasitive layer by retlected
infrared energy. noc heat. (Figure 1
illustrates the difference between nor-
mal color and color infrared fiim.)

Healthy living plants appear red on
color infrared photographs because
they have relatively high reflectance in
the infrared region coupied with low
retlectance in the green and red portions
of the spectrum. Because of the unique
reflectance characteristics of living
vegetation.(high in the infrared and low
in the visible), the film was originally
used by the military to differentiate
between real vegetation and painted
camouflage material.

Color-infrared photographs are noc at
all difficult to use. A correct interpreta-
tion can usually be made by relying on
one's agricultural experience and
familiarity wich the area shown in the
photograpns. With a-lictle incterpreta-
tion experiencs, it is possible to extracta
great deal of information of direct use in
agricultural management.

The best way to gain this interpreta-
tion experience is to walk the field,
photograph in hand, observing the rela-
tionship between ground conditions and
their corresponding appearance on the
color infrared pnotograph. A great deal
can be learned very rapidly in this
manner.

Perhaps, this article will generate an
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incerest in considering this powerful
tool which has the potenrial of making
good managers even better by helping

supply additional valuable information

to be used in the decision making
process. ¥

Typical ap;ﬁ!ications

for infrared film

Pre-planting: Decermine field surface
conditions and cover (residue, standing
water, etc.). Check condition of terrac-
ing, sod waterways, and other land sur-
face features.

Emergence: Check germination suc-
cess and stand establishment, looking
for indications of environmental
problems (insects, disease or weather),
equipment failure (malfunctioning
seeder) or perhaps human error (missed
portions of the feld). Check effec-
tiveness of pre-emergence herbicides.

Mid-growing season: Check on stand
growth and development through the
growing season, looking for evidence of
plant loss or damage due to adverse
moisture conditions, misapplication of

ag chemicals, insects, diseases, or ocher
causes. Vlonitor effectiveness of her-
bicide treatmenc and drainage. Vonitor
forage availability in pascures. Vonitor
water distribution by irrigation systems.
Pre-harvest: Check stand condition
and acreage to be harvested, looking for
lodging, heavy weed infestations or
other potential problems for harvesting
operations. Check for uniformity of
ripening.

Post-harvest: Determine total area
harvested. Check fleld cover in harvest-
ed areas for weed and volunteer
regrowth patterns.

As required: Document special sicua-
tions such as floods, tornado, hail,
drought, or other types of damage.
Check condition of sheltertelts. ¥

Figure 3—Color-infrared aerial photograph taken in mid-Segtember 1969, of the same field
as shown in figure 1. The sail surface is no longer visible, but striking patterns appear in the
stand of corn. Aithough there were heavy rains early in the growing season, very little rain
had fallen during the manth preceding this photograph. Com in the well-drained portions of
the fieid (A) has prematurely matured due to moisture stress. Notice the correspondence
with the light-toned areas in figure 2. Com in the less well-drained areas (B) apparently had
access to enough moisture to remain green and to continue normal deveiopment. Yield
sampling determined average yieid in the stressaed area to be 75 bushels per acre. Pertions
of the stand with more available moisture (the poorly drained areas) yielded 110 bushels per
acre. (Figures 2 and 3 courtesy of Dr. Raiph Kiefer, University of Wisconsin, Madisan.)




How infrared aerial photography is helping to prevent blight in potato crops.

In 1975 Oregon potato growers
lost $3 million when a potato blight
wasn’t spotted early and it had
spread to thousands of acres in
surrounding fields. Now infrared
color aerial photography is being
used by farmers in the Northwest
to monitor whole field conditions
and help prevent similar tragedies
in the future.

““Modern scientific farming meth-
ods have made agriculture far less
labor-intensive than it was in the
past,”” reports Lynnford E. Dis-
brow, president of Infrared for Ag-
riculture, Inc., of Pasco, Wash.,
“but the useful, constant, first-
hand monitoring of crops by field
hands has also been eliminated.”

Disbrow, a retired Air Force lieu-
tenant colonel, has been transfer-
ring expertise he developed flying

Using slides, color photographs, and graphs, Lynn Disbrow (left) briefs clients on a weekly basis. Here, he is pointing out some
early-season growing problems to Otto Geisert, general manager of Balcom and Moe, Inc.

photo missions in Viet Nam to the
interpretation of aerial infrared
color photographs of eastern
Washington and Oregon circle
farms.

An arid semi-desert, the Pasco-
Kennewick-Richland ‘‘tri-cities’’
area depends heavily on irrigation
for agriculture. Circle farming is
the most practical from a labor
standpoint. Circular fieids up to
125 acres are watered with rotating
irrigation arms that can extend
1,300 feet from the centrai pivot.

Giant machines are used to pre-.

pare the soil, plant seeds, and har-
vest.

‘““Where a farmer once might
have needed 40 men to work 640
acres, he can now easily take care
of 3,500 acres with six,”” Disbrow
explains. ‘‘But with people no

longer walking through every field
on a daily basis, it’'s become more
difficult for the farmer to monitor
whole field conditions accurately."”

Many eastern Washington and
Oregon farms are made up of 100
or more circles, and have the ser-
vices of a full-time agronomist. But
even the most sophisticated ran-
dom sample testing can miss im-
portant problems, Disbrow points
out.

“Infrared color pictures can pin-
point problems that can’t be
spotted at ail from ground level, no
matter how closely a field is exam-
ined,” he says. ‘‘Remote sensing
from an airplane provides this data
at an extremely low cost. For a few
hundred dollars, a farmer can get
weekly reports on a field in which
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Poor watering is evident in this photograph of an asparagus
crop. The center portion of the circle shows better irrigation
than the spotty, outer portions. The vertical, parallel lines in the

upper right show old irrigation lines dug out when the pivot sys-
tem was instailed.

Often problems take several years to correct. Poor watering the
previous season affected this aifaifa crop the following year,
even though the irrigation system had been repaired. Top half of
the circle shows the rows of alfalfa prior to baling.

June wheat crop. Light brown areas are underwatered wheat.
Light magenta areas show wheat that was overwatered, pro-
ducing tall, weak stems that break. Photographed too late for
corrective measures, this field yielded only one-quarter the nor-
mal crop.

Wheat planted as a cover crop — potatoes were planted in the
field two weeks later. Fertilizer skips show as light blue vertical
lines at the left side. The farmer was able to correct this before
the potatoes were planted. Light blue on right side shows sand
blown onto fieid from an adjoining pond.

These pictures reveal a number of corn crop problems: 1. Over-
watering from three sprinkier heads. 2 and 3. Drier areas caused
by failure of smail switch at elbow of pivot not slowing irrigation
arm while watering these areas of the field. 4. Swing arm did not
shut off water, as designed, in this area, producing dver-
watering. 5. Bands extending across field show experiment with
different types of fertilizer. The darker, middle band did not pro-
duce the best resuits. Although early vegetation was better, the
ears formed were smaller.

FUNCTIONAL PHOTOGRAPHY



INFRARED FOR AGRICULTURE
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(Graph) Lynn Disbrow provides farmers
with a graph showing spectral data
over the growing season. The ‘“‘ideal’
line can be compared with actual re-
sults to spot trends.

he might have invested $100,000 or
more."”’

Kodak Ektachrome infrared film
is used for the aerial photography.
After processing, the film is copied
onto Kodacolor Il film, a color
negative film. All negatives are
kept on file for producing color
prints. In addition, slides are also
made for projection in customer
briefings.

Disbrow has developed a sophis-
ticated infrared interpretation tech-
nique that eliminates most of the
human factor through the use of a
color analyzer. But some inter-
pretation of the film takes only a
trained eye.

““There may be obvious dark and
light bands in the aerial photo-
graph,” Disbrow says. ‘‘These
most often indicate over- or under-
watering caused by sprinkler head
malfunction. It's possible to count
sprinklers in the photograph and
tell the farmer exactly which one
isn’t working properiy."”

Yet such diagnosis is often diffi-
cult or impossible on the ground.
When viewed through binocuiars,
the afflicted sprinkler may appear
to be functioning properly. But in
fact, a seed or small stone may be
cutting water delivery by 50 per-
cent. The crops themseives may
look healthy, but still produce a
lower yield come harvest time.

‘A single sprinkier located 1,000
feet from the pivot will be irrigating
an area 20 feet wide and 6,000 feet

DATA BASE:
A Key Factor

““Collecting infrared aerial data of crop condition is relatively easy,”
says Lynnford E. Disbrow, president of Infrared for Agriculture, Inc.,
Pasco, Wash. ‘‘Interpreting the information takes a comprehensive data
base that must be built up, as well as some means for eliminating vari-
ables and human error.”

A data base buiit up over three seasons of overflights, ground truth
checks, and consultation with plant disease experts forms the core of
Disbrow’s infrared aerial color photo interpretation procedure. A color
analyzer — ‘‘zeroed’’ to eliminate film, processing, and sunlight variables
— provides a sophisticated means of extracting information from the film
that might not be apparent to the unaided eye.

Gathering the data is surprisingly simple, Disbrow says. He uses an
automatic exposure 35mm SLR camera fitted with S0Omm and 35mm len-
ses. Both are used with Kodak Wratten gelatin filters #12 deep yellow.

Auto exposure and motor-driven film transport make the actual picture-
taking a point-and-shoot operation. Disbrow has equipped his camera
with a databack that imprints date, frame number, and roll number in one
corner of the picture area.

“This helps match frames later,”” he explains. ‘‘As we fly over fields, |
record frame numbers of each exposure on a map | keep next to me.”

Most overtlights are at 6,000 feet, with Disbrow shoacting vertical per-
spective pictures through a removable panet in the floor of the plane.

Kodak Ektachrome infrared film, stored in a freezer before use, is car-
ried in an insulated container between exposure and processing. From
60 to 200 fields may be photographed in a single flight.

After processing, the film is copied onto Kodacolor |l film, a color
negative film. All negatives are kept on file for producing color prints. In
addition, slides can also be made for projection in customer briefings.

The key to consistent, accurate interpretation of aerial infrared color.
pictures, according to Disbrow, is the elimination of variables, so that a
change on the film can be correlated to a change in field condition.

He exposes a control frame at the end of each roll, using a standard-
ized target and light source. The control frame is then examined under a
color analyzer which can then be ‘‘zeroed’” to the control target’s known
values. This step eliminates changes caused by variations in the film or |
processing.

Cloud cover also alters spectral characteristics of the exposures to a
certain extent. Disbrow has worked out a table that provides a factor for
any given percentage of cloud cover.

#When these variables have been accounted for,”” he says, ‘‘the ma-
genta, yellow and cyan layers of the film are examined separately, and
the figures the color analyzer produces entered on a graph. The graph’s
lines show the amount of light refiected by a given field by each film
layer over the fuil 15 critical weeks of the growing season.” Laid over
these plottings are ‘‘ideal’’ target curves developed by Disbrow by exam-
ining many thousands of frames of material of similar crops at simitar
times of the year.

‘A small, but steady decrease in the biue spectrum could signat a
slight increase in the yellow reflected by the field,”” Disbrow says. **This
change might not be discernible to the eye at ground levei, and may not
even be apparent in the infrared color picture. However, the analyzer will
read these smalil changes.”

He continues, ‘‘By comparing the curves of a field’s graph with known
field conditions in his data base, it’s often possibie to spot overwatering,
underwatering, improper fertilization, or the beginnings of a plant dis-~
ease.

**“Too much nitrogen fertilizer causes leaves to turn a dark green,”” he
says, “‘which shows up on film as an increase in blue — with no change
in the red. Moisture stress, or disease can also cause a darker [eaf, but
the increase in blue is accompanied by a decrease in red as well.

‘“The analyzer makes it possible to detect very small changes accu-
rately,”” he notes.

Disbrow has a patent pending on his procedure, which he feets could
be widely used by farmers all over the country.
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Process E-4 chemicals are used to process the infrared film.
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Eight-second exposure under darkroom conditions.

long. That’'s three acres of crop,
valued at possibly $3,600, that
could be lost because of a bad $20
sprinkler,”” Disbrow says.

He often finds that the first over-
flight of the season will locate po-
tential problems that save the
farmer enough money to pay for all
that season’'s photography and in-
terpretation.

One farmer wasn’t aware that a
nitrogen fertilizer pump had broken
down in one field. The dealer who
supplied fertilizer noticed that the
tank never seemed to require top-
ping up — but assumed the farmer
had shut the pump off. Not until
Disbrow spotted the Blue shift on
the IR aerial photograph was the
pump problem diagnosed.

Other symptoms are often cap-
tured by the aerial photographs,
but require more sophisticated in-
terpretive techniques. Disbrow has
developed a system using a color
analyzer to detect small changes in
the color quality of the light re-
flected by crops as the season
progresses. These changes are
compared with ‘‘ideal’’ charts he
has prepared to measure field
progress, or diagnose problems.

“The key to successfully eval-
uating field condition is to build up
a mass of data to use as a base,"”
Disbrow says. ‘‘l worked with farm-
ers, county extension agents, and
agricultural disease experts to de-
termine how what | was seeing in
my aerial photographs correlated
with what was happening on the

Disbrow checks a removable plate betfore taking his airplane up.

ground. It takes a lot of wading
around in mud at ground level, soii
tests, and tissue tests to do that.”

He has found, for example, that
too much nitrogen — as well as
several diseases — cause plant fo-
liage to turn a darker green. But
each condition produces a dis-
tinctive change in the other colors
recorded by the infrared fiim —
which Disbrow can spot in time for
the proper corrective action to be
taken.

“That’s the key point | always
impress on the farmers | work
with,”” Disbrow says. “All the in-
frared photography in the world
won't make a better crop. My cus-
tomers have to take what I've
found, and use it to improve their

yields.” | q,
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Newly adopted technology is adding
speed and efficiency
toin-field checks

By Med van Buren
Editar

Taken from: Solutions, Maj -June, 1979
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The technology of infrared pho-
tography was born some 40
years ago in the fiery crucible of
World War II. Those courageous
souls flying missions back then
could scarcely have imagined that
the practice would someday be peace-
fully employed as a man-
agement tool in agricul-
ture. -For its use then
was worlds apart from
what it is used for today
in agriculture.
What initially triggered its
development was the mili-
tary had perfected the art of
camouflage and fell upon infra-
red as a way to snoop out what
was real from what was fake.
They found that when green paint was
used to simulate foliage, the difference
in infrared reflectance between paint
and foliage was readily detectable with
infrared film.!,? Of recent years, the
technology has been adapted by
agriculture to ferret out a whole host
of field maladies that can stunt yieids.
Agronomists first began tinkering with
the idea of applying it to remote sens-
ing of plant diseases back in 1956
when R. N. Colwell used infrared to
determine the prevalence of certain
diseases in cereal crops.’ Not until the
last decade, however, has the tech-
nology begun to come into full bloom
and gain popularity as an effective
detection device for spotting crop
problems in agricultue.

How it Works

There often has besn the mis-
conception that color infrared film
records the temperature of objects in
the scene. What actually occurs is the
film reads beyond the normal visible
portion of the light spectrum into the
infrared region, owing to its emul-
sion’s high sensitivity.* Healthy liv-
ing plants thus appear red on coior
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Figure 1, Visible/invisible light spectrum as it relates to infrared.

Infrared .. coninues

infrared photographs because they
have relatively high reflectance in the
infrared region, coupled with low
reflectance in the green and red light
portions of the light spectrum.

Figure | shows the unique
qualities of the invisible or infrared
spectrum and explains why you can
tell more about the condition of a
plant. The visible spectrum, which
can be seen by the naked eye or
natural color photography, records
about only 8 percent of the total light
reflected from a green leaf. The in-
frared spectrum, on the other hand,
views slightly over 40 percent.’ This
means that the slightest changes in
crop reflectance will be enhanced and
have greater chance of showing up on
infrared with its wider range of
visibility (Figure 2).

8% 2% Change

L

1.6 1.8 2.0 24 ° 24

Unhealthy plants may take a
brown cast on infrared or show up
light pink to an almost white bluish
cast—distinctly not healthy red and
highly discernible on the photograph.
Water holes or poorly drained areas
with sitting water appear as dark
areas or spots and weeds appear in a
distinct purplish color. The best way
to gain interpretative experience,
however, is to walk the field, photo-
graph in hand, observing the reia-
tionship between ground conditions
and their corresponding appearance
on the color infrared photograph.*

Why It Pays

The spiraling inflation of the last
decade makes it more imperative
than ever that farm operations be-

come increasingly efficient. With-

sagging commodity markets and cost
pinches, agriculturists must find
tools with which to fight back and

40%

2% Change

N

Visibie Reflection

Infrared Refiection

Reflective Range Comparison

Figure 2. Reflective range comparison of visible vs. infrarad.

the practice of infrared photography
is proving one of them. It dovetails
perfectly with diagnostic or in-field
check programs which are gaining
more and more prevalence.

Where field scouting traditionally
has been a time-consuming task of

.walking vast areas, and usually only

partially at that, we are now witness-
ing a sharp change of complexion
that is adding new dimensions both
in terms of time and amount or
thoroughness of coverage. Infrared
has introduced a detection system
that can sweep in a field or series of
fields in one shot, vastly cutting the
scouting time. By studying the aerial
photos, field scouts can now pinpoint
problem areas in fields and walk
right to them, obviating the time-
consuming ground hunts of the past.
In a comparison with its former
method of ground surveying, one
division of the USDA estimates that
aerial infrared sucrveillance has re-
duced its scouting costs by 63
percent.® A Nebraska dealer notes he
has been able to photograph his cus-

. tomers’ fields for as low as 20 cents

an acre. Still another comparison
study by the USDA in Waeslaco,
Texas, shows that it reduced scouting
costs 43 percent when it switched to
infrared photography to survey
citrus groves.’

[mpressive as these figures may
be, the practice of infrared photog-
raphy has many other attending
advantages. Because it is more
accurate and thorough it has become
highly supportive of good manage-
ment practices. [t has broad
capabilities for detecting crop and
field problems: [t can pinpoint plant
areas in fields which are beginning to
show signs of stress before stress
signs can be seen with the aaked eye.!
[t can chart parched crop areas and
tell growers when they’re in need of
irrigation. It can detect weeds,
changes in soil type, low and high
areas, fertilizer deficiencies and the
presence and spread of diseases.’ [t
can increase farming efficiency in
terms of fuel/energy, seed, fertilizer,
pesticide and water requirements.
And finally, it can spot poor water
and fertilizer patterns and equipment
failure.’

Thus, speed, reduced costs, dex-
terity and diversity have combined to
make infrared the potent tooi it is
and are responsible for its rapidly
accelerating acceptance in the ag
community today.



Equipment

The equipment available for
infrared photos runs the gamut—
from the inexpensive to the very
expensive. It can range from the
small dealer who uses a 35mm
camera to a multispectral scanner
that rides aboard a Landsat satellite.
All are performing the same task but
on vastly different scales.

For the fluid fertilizer dealer or
members of the scholastic com-
munity that must operate on limited
budgets, a typical high-quality
amateur 35mm camera will do the
job. A representative survey con-
ducted by SOLUTIONS has shown
that the camera equipment used can
range from a lower-priced Minolta
SRT 10l to the higher-priced
professional-caliber Hasselblad
70mm. Many of those surveyed
indicate they use only those camera
models available with a motor drive
for the purpose of quick film
advance. One of the most frequently
mentioned or appearing infrared
films is Kodak 8443. Other acces-
sories required are proper filters and
shutter trip cords.

The big hurdle for the small oper-
ator is to find a way to economically
make the overflights, properly
mount his equipment and still make

I

it pay. The options are two: buy his
own aircraft (at considerable
expense) or rent. And the rental rate
for aircraft can vary considerably.
Among those surveyed, it runs from
§26/hour to $100/ hour, depending
upon type of aircraft and locale.

On a larger scale, such organiza-
tions as NASA are using | l-channel
spectral analyzers aboard aircraft
they fly at 1,500 feet.'" The reflec-
tance intensity data from the sensors
of the multispectral analyzer are re-
corded on a FM magnetic tape re-
corder and read directly into a mul-
tispectral image analyzer which
digitizes the data. The process has
been used successfully in detecting
disease stress in trees.

The ultimate in equipment can be
found riding aboard a satellite such
as Landsat that is in a sun-synchro-
nous orbit some 500 miles above the
earth, allowing the earth to pass
below it in the same level of light
every day.” In Landsat, a mul-
tispectral scanner scans back and
forth along lines perpendicular to the
satellite’s path. At any instant, it cap-
tures reflective light from an area
one acre in diameter, called “in-
stantaneous fleld-of-view™ (IFOV).
Over 72 million [FOVs make up
each Landsat scere of about 13,000

rounding vegetation.™

square miles. Landsat has been used
to identify soil characteristics, the
extent and severity of stresses related
to plant disease and drought, as well
as to predict crop yields. Some
agronomists involved in the program
even predict the day a dealer or
grower will be able to tap into 2 com-
puter terminal and pinpoint where he
is having plant stress or other
problems in his flelds—all courtesy
of satellite sensors."

There can e little doubt that such
equipment options and/or services
available to members of the ag com-
munity, as those just described, will
continue to multiply as the future
unfolds.

Surveiilance

Timing and altitude are two
primary considerations in aircraft
surveillance for which no set rules
have been established.

Time of day has varied from flight
increments of between 9 and 10 in
the morning and 3 and 3 in the after-
noon to single stretches of between
10 in the morning to 4 in the after-
noon. One group of researchers opts
to fly two hours either side of max-
imum sun angle (noon) because it
fesls it minimizes the effects of
shadows that tend to interfere with
reflectance characteristics of sur-
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Table 1

Uses of Aerial Photagraphs for Agricuitural Management

Observation Periods
Pre-Planting

Emergence

Mid-Growing Season

Pra-Harvest

Post-Harvest

As Required

Source: W.H. Andersaon 1978

Typical Applications

Determine field surface conditions and cover
(residue, standing water, etc.).Check condi-
tion of terracing, sod waterways, and other
land surface features.

Check germination succass and stand
estaplishment, looking for indications of
environmental problems (insacts, disease or
weather), equipment failure (malfunction-
ing seeder) or perhaps human error (missed
portions of the field). Check effectiveness of
pre-emergent herbicides.

Check on stand growth and develcpment
through the growing season, looking for
avidence of plant loss or damage due to
adverse moisture conditions, misapplication
of ag chemicals, insects, diseasas, or other
causes. Monitor effectiveness of herbicide
treatment and drainage. Monitor forage
availability in pastures. Monitor water dis-
tribution by irrigation systems.

Check stand condition angd acreage to Dbe
harvested, looking for ledging, heavy weed
infestations or other potential problems for
harvesting operations. Check for uniformity
of ripening.

Determine total area harvested. Check field
cover in harvested areas for weed and
volunteer regrowth patterns.

Document special situations such as floods,
tornade, hail, drought, or other types of
damage. Check condition of sheiterbelts.

Comments

Aerial photographs taken during this
observation period ara good for octain-
ing soil pattern information because the
field surface is not obscured by vegeta-
tion. Soil type and maoisture content
have a strong influence on apparent
pattern. =

These photos are particularily valuable
for making replanting decisions in
fields of Fall-sawn small grains. Can
usually be taken and interpreted in
time to take corrective action such as
re-application of herbicide in problem
areas.

Problems noted during the growing
season such as persistent wet spots or
soil blowouts can be scheduled for cor-
rection. Spot applications of agri-
cultural chemicals can be made. Un-
even aerial applications usually ap-
parent. Apparent crop damage cannot
always be unambiguously refated to ex-
act cause. Many stress conditions ap-
pear similar from aerial perspective
and require field check for precise
diagnosis.

It severe limitations to harvesting are
found, then photos become 2specially
valuaole in planning salvage harvest
operation. Suspected variations in yield
within the field can be identified for
ground checking.

Acreage not harvested can be deter-
mined for later harvest or possible
insurance claim documentation.

Photo documentation extremely
valyable in litigation and insurance
cases. Shelterbeit improvements can
be planned as required.

Flight

altitude has shown equal

were present on these high-altitude

variance. Depending upon the objec-
tives of each misston, overflights
have been made as low as 500 feet to
highs of 10,000 fest. It also has been
noted that altitude—particularly at
lower distances—will have a very
definite effect upon shutter speed
of the camera.:

Attitude of the camera is another
consideration and it is generally
agreed that vertical angles (50° to the
ground) offer the most accurate
perspectives of the fields being
studied. One report indicates that
photographs taken at oblique angles
show a loss of dimensional perspec-
tive with increasing altitude.’ Details

obliques but wers not as apparent as
on low-altitude obliques.

While seasonal effects governing
photographic timing show variance
by crop and geographic region of the
country, there is general agreement
on pre-season, post-emergence, mid-
season, pre-harvest and post-harvest
schedules to follow in making in-
frared checks on fleids. Table |
offers a representative schedule.

Precautions

According to the experiencss of
one soil chemist from Texas, there
are certain precautions or procedures
that should be observed in assuring

optimum results when taking infra-

red photographs."
e Transport film to field in ice chest

e Allow film to thaw two hours

before use
e Do not use automatic setting on
camera

o Over-expose one shot and under-

expose one shot for best results
o Know your pilot

e Use soil test and tissue analysis to

identify problems

e Remember: a red color in a crop
does not necessarily mean a
profit; it could be delayed

maturity or younger tissues.




Future

The advancing technology of
aerial infrared photography as re-
viewed in this article is literally put-
ting the agricultural world under a
microscope. As a diagnostic tool it
might be compared to and make as
much sense as the X-ray used by the
physician.

How well the future bodes for this
technology may be best expressed by
Dr. C. H. Blazquez of the Institute of
Food and Agricultural Services and
assigned to the Kennedy Space
Center in Florida. “The biggest thing
we have to do is show growers it will
work,” he says. “It’s one thing to tell
them, but we know they’ll have to see
it working to believe in it." &

. Hart, W. G. and V. |

Referencas Cjted

Myers;
“Infrared Aerial Color Photography
for Qetection of Populations of
Brown Soft Scale in Citrus Groves,
* Journal of Economic Entamology,
pp. 617-824, June 1968.

. Seevers, Paul M. and Veima

Wiegand; “Cantinuation of Evalua-
tion of Calor Infrared Photography
for Monitaring Cropping
Problems,” University of Nebraska
report, March 1973.

. Blazquez, C. H.; “Remote Sensing

of Foliar Oiseases of Vegetable
Crops With Intrared Color
Photography,” Florida State Hor-
ticultural Society Proceedings,
November 1972.

. Anderson, William H.; “Infrared film

for aerial photography,” Irrigation
Age, February 1979.

. Omax Biosensing, Omaha NE;

“Aerial Biosensing Increases Your
Management Efficiency,” 1978.

. Hat W. G., S. J. Ingle, M. R. Davis

and C. Mangum; “Aerial Phaoto-
graphy with Infrared Color Filmas a
Method of Surveying for Citrus
Blackfly,” Journal of Economic En-
tomology, February 1973.

11,

12.

13.

14,

18.

Hart, W. G.; “Infrared Aeriai Color
Photography fer Detection of Citrus
Pests,” Fourteenth Southern Forest
Insect Work Conference, 1969.
“Space Age System for Fighting
Diseases,” Progressive Farmer,
Agril 1977.

Hannon, Ron; “Remote Sensing,”
Florida Grower and Rancher, 1973,

. Harris/Omax Infrared Crop Man-

agement Data Sheet, 1979.
Edwards, George J., Tom Davis
and Carles H. Blazquez; “Image
Analysis of Multispectral Sensing
Data of Young Tree Decline in
Citrus,” Proc. Fia. State Hort. Soc.
89:26-28, 1976.

"Remote Sensing of Agriculture,
Earth Resources and Man's En-
vironment,” Purdue University,
1977.

Keckler, D. A.; “Resource Mapping
Satellites,” The Grower, December
1978.

Green, L. R., J. K. Qlson, W. G.
Hart and M. R. Davis; "Aerial

- Photographic Oetection of Import-

ed Fire Ant Mounds,” Photo-
grammetric Engineering and Re-
mote Sensing, pp. 1051-1057,
August 1977.

Pennington, Dale; "OQutline for
Infrared Slides,” Texas Agricultural
Extension Service, 1979.

54




55

Infrared Proving
Dealer
Assist

Bassett, Nebraska, is a diminutive
commuaity of 1,000 that sits in
the middle of irrigation country. A
mere blink of the eye when overfly-
ing these north central flatlands of
Nebraska will sweep in millions of
dollars worth of ceater pivots that
dot the landscape be-
low. It is an awesome
sight and so are the
investments. Protect-
ing these investments
is one of the primary
functions of fluid fer-
tilizer dealers serving
farmers in this area.
Fulfilling this role in
grand style is one of
the area’s more domi-
nant and aggressive
dealers known as
Coash, Inc. Founded by
Harold Coash in 1934
and headquartered
near the center of Bas-
sett, the company is

fully complemented fleet of high-
flotation applicators, delivery trucks
and semi rigs.

Immediate Success

Perusing magazine articles is what
brought the youthful and ven-
turesome Don Coash
upon the idea of
experimenting  with
infrared photography
as a farming tool. “I
read where they had
been using it success-
fully on potatoes to
detect early blight,”
Coash recalls. “They
were detecting it early
enough so they could
use chemicals to con-
trol the blight. I was
fresh out of college at
the time.”

[ntrigued by the
idea and that it might
i prove a valuable

employing the practice
of infrared photog-
raphy to assist in di-
agnostic work on field
crops. “It's an ideal
tool that lends itself
well to our size of
operation,” explains
Don Coash, son of the
company’s founder,
who has spearheaded
the development of
this technology since
he graduated from the
University of Nebras-
ka in 1974. “We op-
erate out of sateilite
plants in Bartlett and

diagnostic tool, Coash
wasted little time in
beginning his search.
“I started calling
photography people—
just plain ole
photography stores,”
Coash explains. “I'd
been working with a
pocket camera up to
this point and didn’t
even know what a
35mm was. [ also
asked them about
infrared film—what is
was and how it was
used.”

About this time,

Albion also, so we're

talking about 100,000 acres we've
got to oversee. The infrared gives us
the speed and vast coverage we need
to efficiently and effectively serve
this amount of acreage.”

The burgeoning company sells
almost exclusively to irrigation
customers within a 30-mile radius
that slices the four-county area of
Holt, Kenya Paha, Brown and Rock
in north central Nebraska. Its
products and services are diversified,
taking in fertilizers, ag chemicals,
propane, trucking and an equipment
distributorship in Lincoln, Nebras-
ka. Coash also owns and operates a

LEGEND: A. oid field (needs sail sam-
ple); B. sandy ridge (planter stress—
planting too deep); C. Planter
problems (planter skipping); O. Water
hole (low spot with settled water); E.
Weeds (along pivot park paesition).

Nebraska dealer
using practice to cut
field scouting time
during
summer months

Coash was attending
an alumni mesting at the Univer-
sity of Nebraska and happened upon
infrared again. *'I discovered that the
university had been doing some work
when they showed us slides at this
meeting,”” Coash relates. “So I
checked into it further. They put me
on to which filters to use, equipment
to buy and the rest. The one change [
knew [ had to make was [’'d have to
work from the air—they were work-
ing from elevated ground platforms.
When you're working with 130-acre
center pivots you're going to have to
fly over them.”

Solutions, May-June, 1979



Reverse Seiling

What has evolved at Coash, Inc. is
a somewhat unique system for selling
infrared by not really selling it at all.

the core of our fertility program and
pest management service. The
infrared compiements their efforts
beautifully—serves as their intel-
ligence reconnaissance, you might
say.

“We can fit the-infrared into our

PROPER INTERPRETATION of infrared aerial photographs is tickiish art as well
as key that spells difference between success or failure of the practice and recom-
mendations given. Studying and discussing prints are Don Coash (left) and Dr.
David Stamp, in charge of agronomy services.

It is included as a part of the com-
pany’s agromomic service to its
customers. ““We charge for our
agronomic services, of course,”
explains Coash. “We have fuil-time
agronomists and entomologists
employed on our staff and they form

agronomic programs without charg-
ing because, basically, it’s not an
expensive process. We've got our
own plane, the film is inexpensive.
We were initially convinced it was
going to be an expensive service and
that is one reason we explained there

would be a charge for the servics.
But then we found it wasn’t all that
expensive. Basically, we're using it
now as an in-house tool to assist our
scouts and we've found it has paid
for itself—given us more business
and helped us to do a better job in
soil sampling and scouting.”

According to Coash, turnaround
time is one of the make-or-break
considerations if infrared is to be
made a selling tool. *“We have our
photos processed about 160 miles
south of here in Grand Island,”
Coash says. “We usually have them
back in two days and this is critical.
This is especially true in July when
that corn plant is changing so fast
out there. Without this fast turn-
around the photo isn’t going to do
you much good.

“Basically, vou might say we're
selling the technology through the
back door by using it as an in-house
tool for our scouts. The farmer—
our customer—sees the results and
knows it [infrared] works.” Does
Coash foresee the day when they’ll
sell it directly again? “Someday—
maybe. If we do, we’ll go back to the
dual system of photography. The
conventional color helps the farmer
recognize his own field. It also gives
him a comparison to see what the
infrared is doing."”

Timing

Most of the infrared photography
is taken by Coash, Inc. during the
months of June, July and August. On
a typical day the company Cessna
will depart its runway with its pilot
Larry Ebert and Don Coash aboard
at 10 a.m. and make its final landing
approach of the day at somewhere
around 4 in the afternoon. “Of
course, the weather has to be clear,”
Coash says. “We'll cruise at around
4,200 feet and I'll point out to Larry
the fields we want to shoot. As I've
said, we've hit over 100 fields on a
good day.”

What is looked for will vary by
month, as Coash explains it. “In
June we're looking for water pat-
terns and weeds. [t’s easiest to spot
them [the weeds] at this time
because the corn plants haven't
grown enough to obscure them. The
water patterns are also critical at
this stage because moisture stress
can greatly affect yields later on. [n
July, we're again looking at water
patterns—it can get awful hot and
dry in stretches—and by August

56



Coash jerrybuilt a platform for
two 35mm cameras and talked a
friend of his into using his Super Cub
to make the overflights. “I set the

CUSTOM-MADE DOOR MOUNT ON Cessna 182 owned by Coash, Inc. locks 3Smm camera into vertical, 90°-to-ground posi-

More Sophistication

Though pleased with his early
results, Don Coash soon discovered
there was ample room for improve-
ment. “You learn by doing,” re-
marks Coash. "It was not long be-

“The cost—excluding the air-
craft,” which brings a smile across
the face of Coash, “is not prohibitive
for getting into this. [’d estimate we
have somewhere in the vicinity of
$900 wrapped up in cameras and
filters, excluding the film we have to

Tt

tion for infrared photography of customer’s fields. Positioning camera is Dan Coash who has spearheaded project for the

company.

cameras up so [ could trip them both
at the same time,” explains Coash.
“They were lined up to shoot at the
same thing. One camera had infrared
and the other had standard color. We
removed the back window and I
literally hung out the window to
make the shots. The results really got
us excited. They showed up things
that we had suspected for a long
time. Water patterns jumped out like
a sore thumb. In the areas where we
didn’t have the deeper red—these are
the healthy plants—we knew the
farmer had poor water patterns and
that his crop was under stress. You
see, our sandy soils up ners can only
hold an inch of water in the top 18
inches, so if you don’t get that inch of
water when you need it you've got a
yield loss. It’s important that you
spot this early and this is where

5 7 infrared helped.”

fore 1 discoversd the infrared was
picking up heat trails from the air-
craft’s engine when I hung out the
window to take the shots. Of course,
this is going to distort the picture you
get.”” The solution came along about
the time Coash, Inc. decided to
invest in a Cessna 182. “The aircraft
has a high wing and we decided to
use a more professional type of
mount for the camera—we're using
just one camera now,” Coash con-
tinues. “We bought a custom door
for the aircraft and had it fitted with
a special bubble window and fixture
in which to mount the camera. It
points straight down and is fitted
with a sport finder viewer for the
pilot, along with a trigger extension
for the shutter. This got rid of the
heat trails proolem, plus made it a
lot easier to control and manipuiate
the camera to get what we want.

buy. If you don’t have your own air-
craft, you can figure—at least
around here—to pay something like
§55 an hour to rent one. To give
some idea of the potential for
payback, I can remember one five-
hour day when we photographed
over 100 fields.”

While Coash, Inc. charged initial-
ly for its photography services, it
dropped the practice after the first
year. “I’m not going to elaborate on
this other than to say we overex-
tended ourselves—and I'd caution
anyone thinking of getting into this
in that regard,” says Coash. “We
were growing at such a clip we simp-
ly didn’t have the time to producs the
three sets of photos we promised—
this can happen to anyone. So we
decided not to charge our cus-
tomers.”
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we're looking at water patterns as
well as for plant disease and insects.
This dovetails beautifully with the
irrigation systems out here because
with the pivots we can adjust our
fertility program throughout the
season.”

Interpreting

The procsss of infrared is about as
good as the interpretation put on it,
Coash pointedly observes. “I'll give
you an example. We had a customer
whose field showed poor water pat-
terns on the infrared. Well, he had
been going along doing the
obvious—f{ixing broken push bars or
cracked pipes. Still, we knew the in-
frared was right. Sure, his sprinklers
were all working but he didn't take
the time to take a closer look at
them. What we found was that traces

of sand in the water had besn wear-
ing the nozzle orifices—:that was the
source of his water pattern problem.
You see, the nozzles on these center
pivots have to be calibrated so you're
putting out less water at the center of
the pivot and more at the end. [t’'s 2
very delicate balance. By replacing
the worn nozzles we corrected the
problem.

*So reading the infrared can be a
bit tricky at times. We had another
circle where some blotchy light areas
initially turned out to be planting
problems. Well, when these persisted
in later photos we knew something
=ise was wrong. We went back into
the field and found colonies of army
worms. We flew on an insecticide
and that was the end of them.

“Generally, I'd say the desp red
areas are whers you have your

healthy crops, the purplisn areas are
where the weeds are, the black spots
are water holes and the lighter areas
can be a combination of things—
everything from planter problems to
moisture stress or disease. You've
got to go into the field to pinpoint the
problem.”

Bigges_t Advantage

There is one benefit that stands
above all others in the mind of Don
Coash whenever he discusses the
salient points of infrared photog-
raphy. “Soil identification would
have to be our number one ad-
vantage,” Coash states. “‘Patches of
soil or old fields readily show on the
infrared film. If we had a fairly fer-
tile soil to start with—with plenty of
everything in it—it wouldn’t be so
critical. But where we've got to apply
about everything we use you've got
to identify these soil types so you
don’t end up over-fertilizing one soil
and under-fertilizing another.-

“So the infrared tells us where we
need to be soil sampling. Where the
soil type is different, it needs to be .
treated differently and this we can
identify with infrared. It makes these
photographs a very effective tool in
our helping the farmer to properly
manage his farm.”

Biggest? Disappointment

If there’s one flaw or disappoint-
ment Don Coash has experienced
with infrared it lies in the area of
spotting nutrient deficiencies. “We
originally thought we could pick out
nitrogen deficiencies or phosphate
deficiencies, but I don’t think with

* the quality of film we use we can pick

it up,” Coash says. “I've heard
others say they can, but that simply
hasn’t been the case with us. It’s such
a delicate art that even a little haze
later in the day will change colors
enough to make readings impossible.
Admittedly, with a densitometer that
measures the density of negatives we
might very well be able to read nu-
trient deficiencies. But the equipment
is very expeasive.”

Ng Panacea

- When drawn out, you'll find Don
Coash holds some very definite and
strong opinions about the place
infrared has in agriculture. "I think
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it should be used.as a management
tool, not as a panacea,” he'll state
crisply. “If there’s anything that puts
a black mark on this practice it is to
sell it as a panacea—and it tears me
up when [ see it happen.

*“But by using it as a management
tool, a farmer can become as well
acquainted with his field—drainage
areas, soil types, infestations—as the
back of his hand. That is.how the
practice should be viewed—as a
device to control potential problems.
It’s not going to eliminate them all.”

Coash also has advice for any new-
comers who may adopt the practice
of infrared. “This practice is not
hard to get into but,” he warns,
“whoever does-better be prepared to
spend a lot of time on it. As I've said,
it can be a tricky business and if you
don’t develop the proper skills, han-
dle it on a professional basis, you can
lead a lot of people astray.

“The real bottom line is this has
been making us money, however
indirectly that may be. It makes

those ground troops a lot mors effec-

tive, vastly cuts their time. They can
spot a problem on the photo and
walk right to the problem arca.”@

EDITOR'S NOTE: Sources of furthgr in-
formation on high- and low-altitude
biosensing include:

EROQOS

(Earth Resources Observation Systems)

Sioux Falls, South Dakota 37198, USA.
Products processed at the EROS Daca

Center include aerial photographs (infrared

and other types) obtained for:

o the United States government

o NASA research aircraft

« Skylab, Apollo, and Gemini spacecraft

e Landsat

All products are available for purchase.

Aerial Biosensing Assaciation
City National Bank Building
Omaha, Nebraska 68102, USA

The group provides training courses for
photographers and interpreters and will
serve as a forum for exchange of concepts,
techniques, and know-how. )

Dr. A. D. Flowerday
University of Nebraska
Department of Agronomy
Lincoln, Nebraska 63508, USA
Dr. Flowerday is a trained agronomist
and experienced interpreter.




Infrared pnotography for
agricuitural production
managemesent

by Calvin Kuska

Visual inspection of crops does not always yield information about growth conditions.
By using a technique involving aerial infrared photography, agricultural managers can
detect specnal problems, such as poor irrigation or uneven fertilization, '

URING WORLD WAR I a special
film was developed by_the
United States Army that was used
to distinguish camouflage from
natural vegetation. The same film
was used during an Apollo IX
manned spacecraft flight in 1969 to
analyze vegetation and drainage in
the Imperial Valley in California,
USA, and Mexico. The film, false
color infrared, can also be used to-
day to provide an overview of the
entire vegetative growth process.
Unlike normal color film, false

 Mr. Kuska is an industrial marketing
consultant with the firm Markon Asso-
cigtes in Nepraska, USA, and execu-
tive secretary of the Aerial Biosensing
Association.
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color infrared is sensitive to a por-
tion of the electromagnetic spec-
trum that is invisible radiated ener-
gy. This energy encompasses a
large band of wavelengths longer
than the most extréeme visible red
(figure 1), from 700 nanometers
(nm) to 1 million or more nm (a
nanometer is one billionth of a
meter). The longest wavelength of
infrared radiation recorded on film
is about 1350 nm, however, the
most common applications of in-
frared photography are in the re-
gion between 700 and S00 nm
(figure 2).

The three emulsion layers of in-
frared film are sensitized to green,
red, and infrared wavelengths,

Waveiength in nanometers

rather than to blue, green, and red
wavelengths. A yellow filter (Wrat-
ten No. 12 or No. 15) withholds
the blue rays, to which these layers
are also sensitive. Of course, the-
visible spectrum also becomes a
part of the infrared record. When
procsssed, a yellow positive image
records in the green-sensitive layer,
a positive magenta image appears
in the red-sensitive layer, and a
cyan positive image appears in the
infrared-sensitive layer.

The infrared record
All objects either reflect or radi-

ate infrared energy. Healthy plant
foliage, for example, reflects a

10" 19* 10' 10* 10* 10* 107 10* 1Q* 1Q' 10" 10'* 10"
‘ L L 1 ! 1 ] ] L1 ! N L L ! #
X-rays Ultra-
Rays violet Infrared
associated radiation|{ | radiatisn
with Gamma rays Hertzian waves, inciuding
cosmic radar, microwaves,
radiation television, and radio
Visible light Standard Broadcast
Figure 1. The electromagnetic spectrum.
Taken from: National Davelooment, June/July, 1979
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tation to sense the heat radiation
coming from it. The radiation is
then transiated to a temperature
reading. Evaporation from piant
leaves cools the air at the leaf’s sur-
face. When soil moisture is low,
this evaporation is reduced because
less moisture moves through the
plant, and consequently, tempera-
ture rises at the leaf’s surface. This
same technique can and probably
will be adapted to large scale aerial
work, because in all types of crop
monitoring, often the closer you
get the less you see.

Other advances in the field that
are still in the experimental stage
inciude the use of automatc digiti-
zing systems for analysis, remote

television cameras and monitors to
eliminate the need for a photogra-
pher in the airplane, and remote
mount camera pods that will fasten
to the underside of a small plane
without affecting the flight charac-
teristics or certification require-
ments.

Aerial biosensing applications

A commercial firm in the USA
with several years of experience in
infrared application has photo-
graphed such crops as maize, aifal-
fa, sugar beets, potatoes, sorg-
hum, and ormamental trees. The
firm provided the service to nearly
20% of the potato crops in one

Water application and drainage in this
field are excellent. However, the dark
spots in the field in the upper right indi-
cate that there has been an application
of too much water and as a resuit,
yields will sufter. -

If everything goes well, the circle of
center pivot irrigated maize will pro-
duce a yield above 375 busheisihec-
tare. The /aft-hand haif-circle of maize
is saveral days /ater in germination, so
the crop covering is not so complets.
However, it does show some serious
streaking, which is causad by improper
application and compaction from a dry
fertilizer spreader. When measured at
harvest time, the lass in the light areas
was approximately 50 busheis/hectars.

Cailor photographs courtesy of QMAX Bicsensing,
Omana, Nebraska, USA.

state with outstanding resuits. Ini-
tially, they started photographing
the crop every 14 days, but at the
end, the potato growers wanted
these infrared photographs every
seven days of the season. The data
infrared photographs provide are
especially beneficial with crops
that have short growing seasons
such as potatoes.

An additional use of low-alti-
tude infrared filming is to deter-
mine what undeveloped lands are
suitable for food production. By
taking photographs of unculti-
vated areas, the type of natural
vegetation it supports can be deter-
mined. This will enable the inter-
preter to predict the kinds of crops



During the
growing season

Mid-growing
season

Pre-harvest

USES OF INFRARED PHOTOGRAPHS

To determine field surface conditions and cover

To obtain soil type and pattern information

To check condition of terracing, grassed waterways, and drainage needs
To find or identify tile drainage lines and check their function

To check germination succass and stand establishment

To check effectiveness of pre-emergencs herbicides

To see indications of environmental problems (insects, disease, or weather)
To detect equipment failure or human error

To check an stand growth and development

To detect evidence of plant loss or damage due to adverse moisture condi-
tions

To discover misapplication of chemicals

To locate insects and diseases

To monitor the effectiveness of herbicide treatment
To evaluate natural or engineered drainage

To estimate forage availavility in pasturas

To determine distribution of irrigation water

To check stand condition and maturity
To estimate acreages to be harvested and yields
To locate lodging, heavy weed infestations, or other potential problems for

harvesting
To determine unitormity and percantage of ripening

Post-harvest '

To determine total area harvested

To check field cover in harvested areas for weed and volunteer regrowth pat-
terns

Throughout the
season

To document special situations (flood, tornado, hail, drought, or other types of
damage)

through the belly of the plane, eli-
minates distortion of results and
provides the best overall view and
most interpretable photographs.

The photographic day should
not be cloudy; however, uniformly
overcast days can yield photo-
graphs of interpretative quality.
For uniformity from one day’s
shooting to the next, the photo-
graphy should be accomplished
between 10:00 AM and 2:00 PM,
since the sun’s ultraviolet rays can
also affect the colors of the photo-
graph.

Infrared film is developed using

processes like the Eastman Kodak
E<4 or EA-5 process. Directions
for processing are usually printed
on the film package or included in
the box. For best results, the same
processing techniques and proces-
sor should be employed through-
out the entire crop monitoring sea-

son. It should be noted that no-

safelight can be used during devel-
oping. Unlike regular color film,
infrared film is sensitive to the red
safelight used in most darkrooms
and exposure to it will ruin the
film. It is a good practice to pro-
cess the film immediately after ex-

posure to avoid unwanted changes
in the latent image. Another rea-
son for developing the film soon
after the shooting session is that
the grower needs to know where an
abnormality in his crops is occur-
ring so corrective action can be
taken immediately.

Interpretation

Since interpretation is more an
art than a sciencs, interpreting in-
frared records requires both exper-
ience and a technique known as
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This photograph of a potato crop
shows its center pivat irrigation sys-
tem. The water application by the
sprinkier arm is apparent. All of the
sprinkiers are operating efticiently,
and the field looks relatively uniform.
There is some vertical streaking, which
was caused by lack of unifarmity in far-
tilizer application. The dark area at the
lower right caorner of the photograph,
behind the date, shows the affect of
cloud cover.

The biuish-gray discoloration in this
photaograph indicates dead or dying
plant tissue. This crop has not reached

. its physiological maturity, but there is

apparently something stressing it.
Ground truthing indicated that wilt
was spreading through the field. On
the neignboring fields aerial spraying
was used ta stop the spread.

continued from page 102

ground truthing (comparing the
photographs to actual field condi-
tions). With some training, the in-
terpreter can easily recognize any
plants that are under stress. With
some experience in photo interpre-
tation, the scout or technician can
also estimate fairly accurately the
causes of stress seen in the photo-
graphs. Placing a grid over the
photographs allows quick calcula-
tions of the size of the stressed
areas.

All aerial photography requires
some ground truthing to verify
analysis, but the time.needed for

such checking can be reduced using -

the photographs to locate problem
areas. The photograph identifies

areas of stress, but only after ex-
tensive experience and with the
help of historical data can the
photo interpreter identify the exact
cause of the problem. Some stress
points are quite obvious as to
cause; others are more subtle and
may require soil and tissue tests to
allow final determinations.

One way to gain interpretation
experience is to walk the field or
grove with the infrared photo-
graph in hand, observing the rela-
tionship between ground condi-
tions and their corresponding ap-
pearance on the color infrared
photograph. The other is through
educational guidance by trained
agronomists like Dr. A.D. Flower-

day of the University of Nebraska,
USA, who has been advising stu-
dents as well as using the infrared
technique to monitor experimental
test plots for himseif and col--
leagues. Flowerday believes that
within a few years, producers may
lean more towards heat sensing
rather than infrared to detect crop
conditions, but at present, the heat
sensing technique requires ex-
tremely expensive electronic equip-
ment, much of which is very exper-
imental in nature.

Experimental work has been
conducted using a heat sensing
hand-held gun that shows absolute
temperature reading. This infrared
thermometer is pointed at the vege-
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Figure 3. /nfrared monitaring is like taking an x-ray of a plant. Visible
light is reflected from the leaf’s surfacs, while infrared wavelengths
are reflectad from the leat's interior. This exaggerated cell cross sec-
tion shows that about half of the energy goes through the top layer,
reflects off the wet cell walls in a random pattern, and bounces back
outthe top. Theotherhalf reflects off the cails and departs out the bot-
tom. About 2% is absorbed by or reflectad off the surface.

great deal of infrared energy (fig-
ure 3). Water, on the other hand,
absorbs it. In addition, each living
thing displays a unique pattern of
radiation (called a signature), so
that when photographed, weeds,
for example, can be distinguished
from a wheat crop.

Since moisture absorbs infrared
radiation, certain crop conditions
can be discovered from studying
an infrared photograph. A leaf
that is dying (i.e., has a low mois-
ture content) will appear green to
the casual observer. This same leaf
will appear brown, or even white in

an infrared photograph (depen-

ding on the amount of moisture
the plant still contains). In addi-
tion, because the leaf is stressed in
some way (diseased, pest infested,
or otherwise in trouble), it begins
to curl. This reducss the plant
canopy (the coverage of the
ground), and also reducses the
plant’s reflectancs. As a result, the
film records the reflectance of the
ground beneath the plant, reveal-
ing an anomaly in that aresa of the
field.

This property of infrared film to
record energy reflected from a sub-
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ject encouraged the development
of an entirely new industry—aerial
biosensing. Properly applied, the
techniques of aerial biosensing can
give a farm manager several days
notice of a failure in an irrigation
system, for example, before he
might normally be aware of it.
Aerial infrared photography of
vegetation can provide agricultural
managers with an opportunity to
view lands from the air in a single
image, enabling them to use a sin-
gle color photograph to observe an
entire area of interest with any
amount of detail.

The tools of aerial biosensing

A small airplane, much like one
used for crop dusting, a 35 mm
camera, and color infrared film are
all that is needed to begin employ-
ing this technique. Any size field
can be accommodated by using
various camera lenses and aircraft
altitudes. The camera should be
capable of providing speeds of
1/125 or 1/500 of a second or
faster (any good 35 mm camera
will have faster spesds than these).
A metal lens cap, rather than a

Figure 2. Only about 8% of the total energy
raflected from a green leaf is racorded on natural
color film. Using color infrared film, nearfy 40% of
the reflected energy is recorded.

rubber one, should also be used to
prevent infrared leakage that may
spoil the film.

Color infrared film is currenty
available in 35 mm, 70 mm, 127
mm (5 inch), and 230 mm (9 inch)
sizes. It is affected by heat, so it is
important to store any unexposed
film either in a freezer or refrigera-
tor to prevent color changes, and
to keep it cool after exposure. It
should be removed from the fresz-
er and placed in the refrigerator
at least eight hours before use, and
removed from the refrigerator
about an hour before use to pre-
vent condensation of atmospheric
moisture on the cold film. When
transporting the film, exposed or
unexposed, the use of a cooler is
advisable. Loading and unloading
of the film must be done in total
darkness.

The flying altitude should re-
main the same for the entire season
to provide uniformity in the photo-
graphs. The photographs can be
taken through the side window at
an oblique angle; however, for the
best results in interpretation, a ver-
tical photograph is recommended.
Vertical  photography, taken

—
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that can be planted and grown
there successfully.

Aerial remote sensing of crops.
records an inside view of the grow-
ing vegetation, providing a wider
range of normal and abnormal dif-
ferentials than are visible to the
human eye. Ground surveillance
will not be eliminated, but instead
can be more effective with a mean-
ingful photograph that enables in-
terpreters to locate and identify
problem areas. This means that
more time can be spent taking cor-
rective action before an entire crop
failure occurs. This knowledge can
then be passed along to the indivi-
dual farmers who want to coatrol
the pest, disease, moisture, and

- soil tilth for their crops.

One major benefit of biosensing
is the tremendous savings that can

- be realized in fuel, irrigation

water, chemicals, ground compac-
tion, and labor. To date, raflective
infrared photography is the most
economical method of monitoring
crops. a




Intrared Photos
Prove Boon

By RICK LARSON
Of the East Oregonian

A bird’s eye view
through infrared film is
paying off ‘in Columbia
Basin farming.

For the past four years:
personnel from Crop Pro-
tection Inc. of Umatilla
have provided farmers
with a unique service —
flying over their fields at
6,000 feet and taking in-
frared photographs to
record the condition of
their crop.

Martin Pitney, president

of the company, explained
infrared film picks up
radiation from the sun
which is reflected by
plants. The healthier the
plant, the more infrared
radiation is picked up on
film.
A healthy irrigated cir-
cle of potatoes will appear
bright red once the in-
frared film is processed,
Pitney explained.

However, he said if the
plants are stressed at all
because of water pro-
blems, soil variation, nutri-
tional deficiencies, disease
or pest damage, color
variations show up in the
photographs. Depending
on the cause, the stressed
. ‘areas will show up as dull
red, pink, grey or black.

Pitney said it is difficult
to learn to correctly inter-
pret the different color
shades because it requires
knowledge of the field and
the crop. Uniformity in
processing the infrared
film aiso is extremely im-
portant, Pitney said, and a
special film processor is
used to guarantee this.

om:

Pitney’s company was
one of a few pioneers in use
of infrared technology in
farm consuiting. Prior to
that, the main uses of in-
frared photography were
by scientific institutions
and the military. ‘

Pitney, 34, went to work
for Amfac Corp. in Hawaii
after getting his degree in
entomology from the
University of California at
Davis. There he used
aerial color photography to
observe the company's
sugar cane crops, which
grow too tall for ground-
level observation.

In 1971 Pitney transfer-
red to eastern Oregon
where Amfac had bought
Columbia River Farms. He
had experimented with in-
frared photography in
Hawaii, and in 1975 he
decided to start a business
based on it.

Now Crop Protection
Inc. employs four persons:
Pitney, field worker Eartl
Perkins, darkroom techni-

cian Launne Ankney and
secretary Kathy Franks.
The company does work
for roughly 30 different
firms, photographing
about 100,000 acres this
seasom.

Photographs are taken of
most crops on a weskly
basis. Pitney said the cost
per acre is about the same
as a farmer gets for 30
pounds of potatoes, and he
said most find the service
valuable because of what it
can mean to them in sav-
ings.

Water is a prime concern
in this region, and the in-
frared photos show water
uniformity problems such
as excessive (standing)
water, too little water, im-
proper nozzling, plugged
sprinklers, spoking and
start-up problems.

Pitney points out that
with a center pivot irriga-
tion system, one sprinkler
covers three to five acres.
He said if it is plugged for
just one week the grower
can lose a lot of that crop.

The infrared photos can °

reveal plant stress due to
insufficient watering seven.
to ten days before it would
be evident by ground in-

spection, Pitney said.
‘“‘Aerial photography has
2 tremendous amount of
uses,” Pitney said. “It
gives you something that’s
there...a picture is worth

1,000 words.” -

Pitney said the infrarasd
photos also help growers
detect fertilizer or
chemical appiication pro-
blems — sometimes for
litigation — and to pinpoint
areas where disease or in-
sects have hit. Some
growers use the phetos to
show a spray pilot where to
spray.

The infrared photos also
give the farmer a weekly
record of. his crop. This can
ke used for field to field
cornparisons — or to com-

pare areas where different

chemicals or seed were us-
ed within one field.

_ A big advantage of using
infrared photography
which Pitney pointed out is
it takes a grower only
about an hour a week to
evaluate his crop. A 10,000-
acre farm can be covered
in 5075 photos.

Columbia Basin farmers
generally haven’t been
skeptical of the infrared
technology, according to
Pitney. In fact, he said
many were anxious to give
itatry. :

Others were fairly easily
convinced of the use for the
photos by showing them
photos of their own fields
and pointing out problem
areas, Pitney said. He said
after they used .it awhile

they found the service
valuable in making
management decisions
which help them improve
their profit margin.
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A Comparison of 9-Inch,
70mm, and 35mm Cameras

Small-format cameras can obtain simultaneous color and
color-infrared photos more economically than standard
mapping cameras and they may be entirely adequate for

environmental mapping.

PHOTOGRAPHS originally were used only to
provide visual pictures of some object or
scene. Little effort was given to make the
picture metrically correct (the position of
points correct) until such cameras were used
in making maps. Over the years great effort
has been put into manufacturing mapping
cameras that can provide as nearly perfecta
perspective image as possible in order to de-
termine the position of an object with ac-

large, utilizing 9-inch film formats. Further,
they are very expensive, sometimes costing
more than the aircraft that carry them. Their
large size allows only one camera to be used
through a camera port in the floor of the air-
craft; if simultaneous photography is needed,
another camera port must be cut and another
camera obtained.

When color and color-infrared film began
to be used for mapping of environmental fac-

ABSTRACT: Successful aerial photography depends on aerial cameras
that provide acceptable photographs within the cost restrictions of
the job. For topographic mapping where ultimate accuracy is re-
quired, only large-format mapping cameras will suffice. For mapping
environmental patterns of vegetation, soils, or water pollution, 3-inch
cameras often exceed accuracy and cost requirements, and small
formats may be an overall better choice. In choosing the best camera
for environmental mapping, relative capabilities and costs must be
understood.

This study compares resolution, photo interpretation potential,
metric accuracy, and cost of 3-inch, TO0mm, and 35mm cameras for
obtaining simultaneous color and color-infrared photography for en-

vironmental mapping purposes.

curacies approaching 1/10,000 of the flying
height. This means that photography taken
1000 feet above the terrain can be used to
measure the correct position of an object on
the ground to within 0.1 feet, or approxi-
mately one inch.! .

Such cameras, together with the mannerin
which error effects have been accounted for,
bring credit to the technical expertise of those
who develop and manufacture them. How-
ever, there is a price to pay for such perfec-
tdon. Modern aerial mapping cameras are

tors, it was common to take such photography
with the 9-inch cameras which were well es-
tablished for accurate topographic mapping
purposes. However, for mapping of environ-
mental factors such as the approximate boun-
dary of a tree or grass type, a soil type, or a
water pollution plume, such mapping usually
requires accuracy in the tens of feet and does
not require the fraction-of-a-foot accuracy
necessary in topographic mapping.

For environmental mapping, it is almost
always desirable to obtain simultaneous color

PHOTOGRAMMETRIC ENGINEERING AND REMOTE SENSING,

Vol. 41, No. 12, December 1973, pp. 1487-1500



PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING, 1973

and color-infrared photos. This requires two
cameras. Most mapping aircraft are set up for
one camera only and therefore two separate
flights are necessary. This introduces a time
lag into the monitoring as well as additional
cost. Strandberg in 1963 suggested that
33mm-format cameras could be used for
much environmental analysis.? Marlar and
Rinker in 1967 indicated the economy and
versatility of doing such work by using T0mm
cameras.® Four cameras were employed in
their work through one camera port. Other
work has indicated that although nine lenses,
four cameras, or three cameras may provide
valuable additional data, two cameras-utiliz-
ing color and color-infrared film adequately
cover all wavelengths needed for environ-
mental mapping. Color film which combines
blue, green, and red images into one compos-
ite color photo can be used by interpreters
better than the three individual black-and-
white photos taken in the blue, green,and red
wavelengths. Finally by projecting this color
film through blue, green, and red filters, one
can recreate the corresponding three black-
and-white bands. A microdensitometer can
also be used to obtain the intensity in any
band.*

With color-infrared film, one is in effect
creating a composite photo with green, red,
and infrared images. These also can be sepa-
rated by projecting the resulting photo
through blue, green, and red filters. Ishaq®
has projected 35mm film through a #27 Wrat-
ten filter onto a base map and very effectively
mapped high-moisture soils which show up
as dark on the infrared image which is pre-
served in the color-infrared film. These pat-
terns were not visible to the interpreter until
the photo was projected through this red fil-
ter, which then created in effect a black-
and-white infrared photo. This technique
also can be used for any other desired
wavelength of photographic energy. Infrared
energy (image as red on color infrared film) is
especially useful in environmental work such
as vegetation studies, and also water quality
monitoring, because it penetrates very little
into the water.® The blue and green images
on the color film are especially useful in
water quality studies because they do pene-
trate well into the water. Normal color ilm is
also very valuable for photo interpretation
work because it provides a true-to-life image.

The conclusion here is that two cameras,
one containing color and one containing color
infrared film, give the optimum combination
for analysis of the environment by remote
sensing. The assumption was therefore made
in this study thata two-camera system was the

optimum for environmental mapping.

At the University of Wisconsin, two 33mm
bulk-film motorized cameras have been in
use since 1970 for environmental monitor-
ing? (see Figure 1l). In addition to the
economics of such a system, the resulting
35mm bulk color and color-infrared filmis in
effect microfilm and a remote sensing library
has been set up for cataloging, retrieving, and
viewing such film.® Figure 2 shows such bulk
35mm color-IR film being projected onto a
rear projection screen in order to extract en-
vironmental data. This system has been very
successful both in research and in teaching of
environmental monitoring by remote sens-
ing. Gustafson (1973) has very effectively
used this system for mapping of aquatic
weeds.? Although cost and data handling ad-
vantages of the 33mm format are obvious, the
question always arises concerning its resolu-
tion potential and metric accuracy, especially
as compared to 70mm film. Some inves-
tigators prefer to use the 9-inch format be-
cause they feel much more comfortable with
its theoretically better metric accuracy and
resolution, and perhaps because of the tradi-
don of use.

Of course according to accepted theory, -

9 lnch Forsat Sveesm

Twe ¥ild AC-19 Cimerss, Approximeca Cost < {104,000
(Twe “Selly Holee” ire lequired),

70wm Format System

Tve Hassedlad Caweras with
Stamdard Lenses, Amproxie
sate Cose « {7 508 (the
70mm snd 3Sem s
Systaws quire Oaly ™Me
“Yeily tsie”).

ISwa Format Svsiem

Twa Nikon Metor Nrive Cameras with Sxtra lenses and
Aczrssories, This Coemie2s Systam Including Sztra
Lanses Casts Anproximucaly $6,300,

Fic.l. Comparison of ®-inch, 70mm, and 33mm
equipment for obtaining simultaneous color and
color infrared photography for environmental
mapping.
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A Transpareat 3ase “Yap at Soee
Desired Scale (s Puc On the
fear Projectioa Screem

Resr Projection Servem Projeczar

Fic. 2. Projecting a 35mm image onto a Gltable rear projection screen.
The projected image is made to match the base map. Environmental detail
on the photo is then traced onto the map. This figure shows bulk 3Smm
film being projected by a Kodak Recordak Motormatic microfilm viewer
which has the screen removed. [fthe 35mm film is made into slides, these
can be projected by standard slide projectors.

metric accuracy, resolution, and photo in-
terpretation ability should be superior on the
S-inch format compared to the 70mm format,
and better on the 70mm format than on the
35mm format. But the question is “How
much better?” Also, are the theoretical dif-
ferences in resolution, metric accuracy, and
interpretation ability really significant when
con';pa:ed to the difference in costand ease of
use?

To answer these questions, an area of en-
vironmental interest was photographed with
simultaneous 33mm, TOmm, and 9-inch

-photography taken from various altitudes,

and the resulting photography was compared
concerning resolution, photo interpretation
potential, metric accuracy, and cost. This
paper describes the investigation.

The site chosen was near Madison, Wis-
consin in a marshy and wooded area where a
new highway was proposed. The Wisconsin
Department of Transportation* was in-
terested in testing the University of Wiscon-
sin’s bulkfilm 35mm and color-infrared
photography system in this area as a means of
mapping the environment and monitoring its
change. They suggested the study to Univer-
sity of Wisconsin personnel and all agreed
that it was an ideal site.

The main environmental elements of in-
terest for this study were soils, vegetation,
and water. Experts from the state agencies
(Wisconsin Department of Transportation
and Department of Natural Resources) a-
greed to analyze the different-sized-format
photography conceming photo interpretation

* Engineering Services Section of Wisc. Dept. of
Transportation (Vern Schultz, Director).

potental for soils and vegetation mapping.
Resolution panels were laid out and photo-
graphed with each camera. Engineering Ser-
vices of the Wisconsin Department of Trans-
portation already had mapped partof this area
by conventional photogrammetric mapping
techniques, and this map helped provide the
base control for metric accuracy studies.

The area was flown with a DC3 which had
the capability of providing 9-inch, 7T0mm, and
35mm photography simultaneously. The
focal lengths for the 70mm and 35mm
cameras were chosen so that approximately
the same area was coversd by each camera
(see Figure 3). The resulting photos were
then enlarged and rectified in the same en-
larger to bring them to a common scale for the
metric accuracy comparison (see Figure 4).
The photos were viewed stereoscopically for
the photo interpretation tests and resolution
studies.

Details of these studies and the cost com-
parisons follow in this paper.

RESEARCH SPECIFICATIONS AND FieLD Work

The research area selected for this project
was the Mud Lake area south of Madison,
Wisconsin. The study area extends 4,000 feet
in the north-south direction and 14,000 feetin
the east-west direction. Most of the area is
marsh with swamp vegetation and sandy
soils. The topography is predominantly flat
with the lake in the center. The westemn sec-
tor is under cultivation while the eastern sec-
tor contains a petroleum tank farm. U. S.
Highway 12/18, which is the south Madison
beltline, provides the northern border of the
study area.

The flight plan included one flight line
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3 ia. 2 9 ia. Format . 70mm Forwat i5mm Forwat
Pheta Scale: Phets Scale: Phata Scale:
1 is, = 833 fe, 1 in, e 3175 fx. 1 in, = 5292 fe,
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F1c.3. Acquiring the S-inch, 70mm, and 33mm photography for com-
parison. The above sketch shows the photo scales and the areas coversd
for a flying height of 3000 feet above terrain. The area of coverage for
all three formats is approximately the same due to the proper choice
of focal lengths of lenses used on the T0mm and 353mm cameras.

from east to west centered over the research
area. These flights were flown at 1000 feet,
3000 feet, and 3000 feet above terrain.The
speed of the DC3 aircraft was 130 knots. A
Nikon F motorized camera with 2 24mm lens
was used to take the 33mm photography. A
Hasselblad M/EL camera with a 40mm
wide-angle lens, was used for the 70mm
photography, and the Fairchild 224 camera
with a (Bausch and Lomb Metrogon) 6-inch
focal length lens was used for the 9-inch for-
mat photography. The films used were Color
Infrared 2443 transparency for the 35mm im-
agery, Ektachrome MS transparency for the
70mm photographs, and Aerochrome In-
frared transparency for the 9-inch photos.
Identical film in all three cameras would
have been preferred but was not available at
the time of the flight.

9x9 Ineh Format \\

u. R trar s
VP 71\

Prete Ealaryed

K-

Reets fied =
Ialargvesat of
Seale lmm < 14 Fe.

With these format and focal length combi-
nations the area coverage on each format is
nearly equal as indicated in Figure 3. The
scales are therefore markedly different (see
Table 1). It was necessary to equalize the
scales for the metric accuracy comparison.
Figure 4 depicts the rectification-enlarging
process used to match the scales of the three
formats. For the resolution comparison,
resolution panels were placed in the pe-
troleum tank farm area in the easternmost part
of the study area (see Figure 3). These white
cloth panels were of 135 feet square, 12 feet
square, 9 feet square, 6 feet square, 3 feet
square, and 1 foot square sizes.

Ground control was required for the metric
accuracy comparison. Although the area was
mapped at a scale of l-inch-equals-30-feet by
the Wisconsin Department of Transportation,

70wmm Format JSwm fovmac
Pate Scale: Phets Scals:
1 im. = 3178 (2. 1 fa, « $292 (e,
t
\\
‘\
a- -n« ' hets Ialaryed
\n.'. l V14,38 Tises
\

Scsle lam

\

teetified Scale 1
hlnm—-:'n:‘ e 14 PR\
- \

F1c. 4. Rectifying and enlarging the S-inch, 70mm, and 3Smm photog-
raphy to a common scale for comparison. All three format sizes were
enlarged in the same rectifier/enlarger to eliminats any differences
due to different enlarger lenses. The 35mm film was also enlarged with

standard slide projectors.
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Tasie 1. PrOTOGCRAPHIC DATA FOR THE THREEZ FORMATS FLOWN.

3Smm 70mm Sinch

Camera: Nikon F Hasselblad M/EL Fairchild 224
Lens: 24mm +0mm Wide Angle 6-Inch
Format: 36mmx24mm 35mmxS3mm 9in.x%in.
Films: Color IR 2443 Ektachrome MS Aerochrome [R

. transparsncy transparency transparency

Photo Scales
Flying
Heights
1000 ft lin.= 1064£t lin.=637f lin.=16Tk
3000 ft lin.=3191ft lin.=1911ft lin. =500t
3000 ft lin. =3292ft lin.=3173ft lin. =833k
Area Covered by One Ezposure (ft)

Flying
Heights
1000 f¢ 1511x 1000 1433% 1433 1503x 1503
3000 ft 4531x 3000 4299x 4299 4300% 4300
3000 f 7290 5000 T166x 7166 7300% 7300

there was no existing control within the study
area other than the plotted features on the
map. A field check was conducted to deter-
mine the map’s reliability. Several points on
the map were chosen and the distances be-
tween them were measured on the ground
with a DM-80 Cubitape. The distances be-
tween these same points were then measured
on the original Cronaflex map with a glass
scale. The map distances were scaled to the
ground distance. Discrepancies then were
calculated between the known ground dis-
tances and distances calculated from the map.
The mean discrepancy between the map and
the field check was found to be 0.78 feet, well
within allowable map compilation error.
When compared to the lengths of lines meas-
ured this resulted in a mean discrepancy of
0.12 percent (which is a 1.2-foot error in a
thousand feet). The accuracy of the map was
considered to be sufficient for the metric ac-
curacy comparison. The map was used as a
base in the rectification process.

RESOLUTION COMPARISON

Resolution, or sharpness, of a photographic
image is dependent on the camera lens, the
format of the photographs, the type of emul-
sion, and the shape and contrast of the target.
It is of interest to know what size of photo-
graphed object can be seen from various fly-
ing heights on the different formats. The pur-
pose of this comparison was to show the res-
olution differences between 35mm, 70mm,
and S-inch formats. The shape and contrast of
the targets were the same for each format in
this study. The flying heights were the same
and the format-to-focal-length raio was as
near the same as possible.

An important consideration in comparing
the resolution of the different formats is the
format-to-focal-length ratios used to take the
photography. The ratio of format-to-focal-
length can be used to determine whether a
lens is normal, wide-angle, or telephoto.
These ratios for the 35mm, 7T0mm, and S-inch
photography must be nearly equal in this
study. If the format-to-focal-length ratios are

LELd
P —

F1c. 3. S-inch photograph showing the area on
which the resolution and metric comparisons
were made. The smaller control triangle demarks
the base map controlled area. The quadrilateral
shows the controlled area derived from the S-inch
photograph.
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‘equal, approximately the same area will be
covered by each photo.

It was not possible to obtain exactly equal
format-to-focal-length ratios for the three
camera systems used, but the available
equipment provided ratios close enough to
make the study acceptable. With the availa-
ble lenses, the following ratios were estab-

lished:

35mm format (36mm actual)
24mm focal length lens.
70mm format (33mm actual)
40mm focal length lens
S-inch format

B-inch focal length lens _
With these ratios, the object size relation-

ships on the different formats are indicated in
Table 2.

= 1.30 ratio

= 1.373 ratio

= 1.50 ratio

Taswz2. OsjecT S1z2 DIFFERENCES FOR THE THREE
ForMaTs ReLaTive Sizz 1o OsjecT oy X ForRMAT.

X Format 35mm 70mm 9 inch
35mm 1l dmes 1.67 times 6.33 times
70mm .6 times 1 time 3.8 times

Sin .158 times .283 times 1 ime

As indicated, an object on the 35mm- and
70mm-format photos is considerably smaller
than on the S~inch photos (if the format-to-
focal-length ratios are equal). The question .
is, to what extent does this difference in size
affect the photo interpreters’ ability to dis-
cemn environmental detail when he views the
images under magnification and how does
this ability vary with the flying height of the
aircraft? The resolution study attempts to
answer these questions for varving flying
heights up to 5000 feet above terrain.

The resolution analysis consisted of merely
viewing each image and seeing which panels

were visible, and indicating how sharp they
appeared on each format forthe various flying
heights. Each exposure was studied on the
University of Wisconsin’s Fairchild Mult-
Sensor Viewer under six-power magnifica-
tdon. The results are given in Table 3.

To differendate resolution of the panels the
following descriptive terms were used to es-
tablish degrees of clarity (Figure 6 illustrates
the appearance of the panels related to these
terms).

S = SHARP—no distortion or fuzziness,

corners are acute

C = CLEAR~—fuzziness is minimal, cor-

ners are not acute

B = BLURRED~-fuzziness dominates,

corners are not acute
NV = NOT VISIBLE —panels can not be
seen at all

1000-FEET FLYING HEIGHT

Table 3 shows thatata flying height of 1000
feet there is little difference between the
formats with respect to the resolution quality
of the panels. On the S-inch format the
6-foot-square panel and the 3-foot-square
panels were resolved one degree sharper

 than on either the 3Smm or 70mm formats.

3000-FEET FLYING HEIGHT

At 3000 feet, the 35mm and TOmm formats
were nearly the same with the 70mm format
resolving the 13-foot-square panel one de-
gree sharper than on the 33mm format. The
S-inch format was substantially better than
both the 35mm and 70mm formats. [t was one
degree sharper on 4 of the 6 panels when
compared to the 33mm format, and betteron 3
panels when compared to the 70mm format.

3000-FEET FLYING HEIGHT

At the 3000-foot flying height, the resolu-
tion of the panels on the 35mm and TOmm
formats deteriorated and the S-inch format

TasLe 3. ResoLuTioN COMPARISON FOR THE THREE FORMATS
(APPEARANCE OF PANEL UNDER 6X MAGNIFICATION).
FormaT /FLyinG HetouTs (FT).

Panel 35Smm Format 70mm Format S-inch Format
Size 1000 3000 3000 1000 3000 3000 1000 3000 3000
15ftsq S (o B S S & S S S
12ftsq S C B S C B S S S
Oftsq S C B S c B S S C
6ftsq C B B B B B S @ %]
3ftsq B B B B B B Cc B B
lftsq B B NV B B B B 3 B

S = Sharp; C = Clear: B = Blurred; NV = Not¢ Visible
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Rlurred et Yisihle

Fi1c. 6. [llustration of terms used to describe
the resolution panels as they appeared to the
individual viewing the 9-inch, T0mm, and
35mm photography.

was far superior to both of the smaller for-
mats. This is illustrated in Figure 7.

Generally, the smaller formats are
adequate with respect to resolution when
using flying heights of 3000 feet or less, and
there appears to be little difference hetween
the 35mm and 70mm formats. At flying
heights above the 3000-foot level, the S-inch
format is far superior.

AIRPHOTO INTERPRETATION COMPARISON

The second parameter to be tested was the
ease or convenience of photo interpretation
with the three formats. This comparison was
geared specifically to vegetation and soils in-
terpretation for mapping purposes. The ob-
jective of the comparison was to ascertain
whether the smaller formats could provide
image quality so that an interpreter can iden-
dfy objects of interest as well on the 33mm
and 70mm format as he can on the S-inch
format.

The aid of three soils experts and fourvege-
tation experts was solicited. The experts in-
dividually viewed one set of stereo pairs of
each format of the same general area. The
stereo pairs were viewed under 4.3 magnifi-
cation with the Delft Scanning Stereoscopes
and the Fairchild Multi-Sensor Viewer. A
cloth cover was placed over the stereoscopes
so that the interpreter could not see which
format he was viewing. He then judged each
format. A list of criteria related to his particu-
lar field of expertise was provided as an aid to
look for specific identification features.

9 Inch Format

Ftc. 7. Resolution panels from the
S-inch, T0mm, and 35mm formats, en-
larged to a common scale of about one
millimeter equals five feet. To make
these prints, the S-inch, 70mm, and
35mm photos were enlarged approxi-
mately 6.6 times, 25 times, and 42 times
raspectvely.

The flying heights of all formats were 3000
feet. Unfortunately, no T0mm infrared false-
color film was available, so normal color was
used. Other qualifying aspects of this com-
parison were that the stereo model did not
provide the identical coverage in each format
(because all three cameras were not exactly
synchronized). Also, two types of stereo-
scopes were used.

The criteria for soils interpretation in-
cluded ability to interpret soil moisture, tex-
ture, color, vegetation cover, soil pattemns,
degree of erosion and drainage, the surround-
ing terrain, the land-use of the area, and the
soil location and boundary. For vegetation
interpretation, criteria included vegetation
patterns and colors, canopy texture, shadows,
branch pattemns, vegetation shape and den-
sity, crown formation, and vegetation size
and texture.

Before the results of the tests were known,
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when the vegetation experts were inter- = Taste 4. PuOTO INTERPRETATION CAPABILITY OF

viewed and asked their preference of format
size, they mentioned that the small area cov-
ered per photo with smaller-format photog-
raphy was restrictive. This preconceived
nodon was dispelled when the photos were
uncovered and the area coverage was shown
to be nearly the same on all the formats. It was
pointed out that the same area coverage can
be obtained by the smaller formats as by the
S-inch format if the correct format-to-focal-
length ratio is used. This image can then be
enlarged. Only one of the vegetation experts
was able to correctly identify the three for-
mats prior to the photos being uncovered.
When the results of this test were tabulated,
all four experts had picked the 35mm format
as their first preference. They said that this
format provided good color rendition and res-
olution. From the opinions of the four knowl-
edgeable individuals who viewed the for-
mats, it appears that the smaller formats can
in fact provide acceptable results for vegeta-
ton mapping.

The three soils experts, on the other hand,
all preferred the S-inch format for mapping
soil boundary locations. In each case they
selected the 3-inch format as superior to the
smaller formats for their work. When asked
why, they stated that the sharper resolution
was the determining factor. Further, they
said, that for soils-mapping work the 3-inch
format was much more convenient than the
smaller formats, which mustbe enlarged. The
soil boundaries stood out much clearer on the
S-inch formats than on the 33mm or 70mm
formats. None of the soils experts correctly
identified the concealed formats.

The vegetation experts were—

1. Alan Ek, Professor, Department of

Forestry, University of Wisconsin.

2. Arlyn Linde, Vegetation Analysis Staff,
Wisconsin Department of Natural Re-
sources.

3. Don Thompson, Vegetation Analysis
Staff, Wisconsin Department of
Natural Resources.

4. Alan Rusch, Vegetation Analysis Staff,
Wisconsin Department of Natural Re-
sources.

The soils experts included:

1. Ralph Kiefer, Professor, Department of
Civil and Environmental Engineer-
ing, University of Wisconsin.

2. James Elliott, Materials Section, Dis-
trict One, Division of Highways, Wis-
consin Department of Transportation.

3. Richard Robinson, Central Office, Soils
Unit, Division of Highways, Wiscon-
sin Department of Transportation.

THE THREE FORMAT Sizzs
(SUMMARY OF [NTERPRETERS EVALUATION)
RATINGs (1sT, 28D, 3JRD) ASSIGNED BY THE EXPERTS.

Vegetration Experts Soil Experts

Format 1 % 3 4 1 2 3

S-in 2nd 3rd 3rd 3rd  lst  Ist  lst
70mm 3rd 2nd 2nd 2nd 2nd 2nd 2nd
35mm lst lst 1lst Ist 3rd 3rd 3ed

MEeTRrIC Accuracy ComPaRrISON

The objective of the metric accuracy com-
parison was to determine the relative accu-
racy of the formats in locating objects of map-
ping purposes. Four tests were conducted in
order to provide a comprehensive analysis
between the 33mm, 70mm, and 9-inch for-
mats.

The procedure involved obtaining a base
map and using it as control in rectifying and
enlarging the three formats to the same scale.
Measurements were then taken on the rec-
tified photos. The discrepancies between
the measured distances and the base map dis-
tances provided the relative accuracy of the
three formats. With these accuracy results,
one can ascertain which format will meet his
mapping accuracy needs.

A base map of the research area was first
field checked and the photos then enlarged
and rectified to match it. The objective of the
rectifying and enlarging process was to re-
move the tilt error in the photographs and
bring them to a desired scale. The process
requires at least three control points, but usu-
ally at least four control points were used.
The base map, with selected control points
indicated, was placed on an easel. The nega-
tive or transparency was then placed in the
rectifier-enlarger projector, and the photo-
graphic image was projected onto the base
map. The scales of the projected image and
map were made to coincide by enlarging or
reducing the projected photograph. This was
done by changing the distance between the
projecting lens and the easel. The easel was
then tilted and rotated so as to align control
points on the base map to their image points
on the projected photograph. Thus, average
scale of the enlarged image matched that of
the base map. When sharp focus was
achieved, an exposure was made resulting in
a rectified photograph. This procedure was
followed with each of the formats. The work
was done by the Wisconsin Department of
Transportation which has had several years
experience in operating the rectifying en-
larger. The resulting rectified photos are ap-
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proximately vertical photos and are all of the
same scale (see Figure 4). The errors due to
relief displacement still exist in the enlarged
photo as well as errors due to focal plane
flatness and lens distortion and accidental
error due to the enlarger operator.! The origi-
nal photos used were those taken from a fly-
ing height of 3000 feet above terrain. Acci-
dental operator error should be expected in
all rectification processes. In this case, the
error was 1 percent in the 33mm and S-inch
formats and 1.6 percent in the 70mm format.
This error was determined by measuring the
lengths on the enlargements and the same
lengths on the base map for three control
points. These three control points created the
control triangle shown in Figure 5. A mean
scale factor was thus determined for each
photo enlargement.

TESTI. The purpose of Test I was to de-
termine the discrepancy between about 30
selected distances on the base map and those
distances on the rectified enlargements.
These 30 lines were all within the control
triangle (Figure 3). The measured distances
from the enlargements were adjusted by the
mean scale factor described above. The ad-
justed length was then subtracted from the
measured length of the lines on the field-
checked base map. Table 3 shows the result-
ing discrepancies for the three formats. Sur-
prisingly, the 35mm camera system provided
the least error (an error of 1.39 percent).

TEST II. To supplement and attempt to
verify the conclusion of Test [, Test II was
undertaken. In Test II, a scale factor was es-
tablished for each of the 30 lines. An error
analysis was then run on these 30 scales.
Table 6 shows the results of this test. Again
the 35mm format provided the least error, this
error being 1.49 percent

The test lines used in these first two tests
were restricted to only a small portion of the
format with all lines within the control

Taswz 3. Resurts or TesT [. DeTERMINING
Discrerancies BETWEEN ADjusTED PHOTO
Distances aND Basz Map Distances ror 30 Lings
wiTHIN THE ConTROL TRIANGLE.

Mean Discrepancies
Of Measured Standard %

Format " Lines* Dev. Error**

9in 0.333mm 0.445mm 1.77%
70mm 0.397mm 0.500mm 1.97%
3Smm 0.286mm 0.342mm 1.39%

Scale of Enlargements: lmm = |4 fe

* Mean Discrepancy = Meaa Difference in Length of Adjusted
Linea oa Eniargement Compared to Base Map.
** % Error = ( Mean Discrepancy/ Meun Length of Lines) x 100,

triangle (see Figure 3). Test lines were not
located on the perimeters of the format. By
comparing enlargements it was obvious that
greater error existed on the perimeters of the
formats outside of the control triangle. The
results of Tests [ and II do indicate that
within a small area of tight control, spaced
within 600 feet, the smaller formats can pro-
vide just as good an accuracy in locating
points as the S-inch format photography.
TEST III. Because of the obvious error
around the perimeters of the rectified photos,
Test III was undertaken. In Test III, the
S-inch projection was used as base control
and the 35mm and 70mm images were en-
larged and compared to it. The S~inch projec-
Hon was used as a base because no map con-
trol existed on the perimeter of the photo
area. The 3-inch enlargement was placed into
the rectifier-enlarger and projected onto a
Cronaflex base sheet. Four points were
selected and plotted for control on the outer
edges of the projected image. About 30 other
points for comparison studies were plotted on
the base sheet. The 335mm and TOmm format
photographs were then rectified to both three
and four control points derived from the
9-inch photographs. The 30 comparison

TasLz 8. Resurts or TesT [I. AvaLYziNG Scaces or 30 TesT LiNes oN THE
ENTARGEMENTS (TesT LiNes are [Nsipe or THE ConTrOL TRianGLE).

Average
Format Scale Discrepancy of Scale Factors
Standard

Mean* Deviaion Max “+" Max“=" %**
MM MM MM MM MM
9in 1.039 0.016 0.023 +0.046 -0.067 1.34
70mm 0.992  0.020 0.025 +0.057 -0.046 2.02
3Smm 1.009 0.015 0.019 +0.058 -0.027 1.49

* Mean Discrepancy = Mean Difference in Scales Between Average Scale and [ndividual Scale

Factors.

** % Discrepancy = (Mean Discrepancy/ Mean Length of lines) x 100
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points were plotted and the discrepancies in
their locations were measured. Table 7 pro-
vides the comparison results which are in
line with accepted theory of the accuracies of
smaller format camera systems. [t was found
that the TO0mm format provided better results
than the 33mm format. It is interesting to note
the differences between the discrepancies
with respect to whether three or four control
points were used in the rectifying process
and whether the test points lie within or out-
side the controlled area. Points within the
controlled area, on enlargements rectified
with four control points, yielded the best ac-
curacies. Ground positions of points located
with the 70mm format were about 6.3 feet
from the point’s location as determined by
the S-inch format. The 3Smm format was in
error by about 11 feet, assuming the S-inch
format point locations were correct. Most en-
vironmental mapping requirements are in
the neighborhood of tens of feet. This accu-
racy can be met easily with the smaller for-
mats.

TEST IV. Field personnel compiling
vegetation and soils maps don’t always have
available sophisticated rectifying equip-
ment; therefore, an additional comparison
was conducted projecting 2 mounted 35mm
slide onto the base map using a standard
carousel type 33mm slide projector. The
image was displayed on an upright easel
screen mounted on a table with a rotating top.
Figure 2 illustrates the process using a 33mm
micro-film viewer. The image was rectified
using three control points located on the

outer edges of the format, and test points -

were plotted on the base sheet. Table 8 pro-
vides the results, which indicate that a point
can be located within 8 feet of its correct
position (correct position as derived from the
S-inch format photo).

The results of Test IV are superior to those
of Test II1. This is partly explained by the fact
that the original exposure was used in TestIV
as opposed to a reproduced enlarged transpar-

ency in which the resolution had deteriorated.

The results of these four tests indicate that
small formats can provide metric accuracy of

Tasee 7. Resurts of TesT 11T SmaLL FormaT
ProjecTED IMacEs ComPARED TO S-INcH Base
ENLARCEMENT.

Rectification Using Three Control Points

Format Test Points Test Points All Points
Inside Qutside In & Outside
Control Area Control Area Contol Area

Mean SD Mean SD Mean SD
mm mm mm mm mm mm

70mm 2.07 113 470 15 3.00 138

Rectification Using Four Control Points

70mm 2.00 075 3.00 1.38 222 1.06
33mm 471 3.87 3.34 1.61 3.86 245

Scale = lmm on Base Sheet = 3.2 Ft. on the Cround

tolerable limits for vegetation, soils, and
other environmental mapping. The tests
using the field-checked base map conclude
that points within a small controlled area will
be located as accurately with the smaller for-
mats as with the 9-inch format. The tests
using 3000 foot photography and the S-inch
photo as a base and locating the control on the
perimeter of the photo show that points can
be located to within about ten feet with the
smaller formats (assuming the points located
with the 9-inch photographs are correct). As
indicated from the results of Test [V, using a
slide projector to transfer environmental data
yields as accurate results as with a rectifier-
enlarger. This information is helpful to those
conducting small scale research where large
facilities and sophisticated equipment are
not available.

Errors inherent in photographic analysis
do qualify the findings of these tests. As pre-
viously indicated there was about 1 percent
error between the base map and the rectified
9-inch photographs. The base mapalso hasan
error of about 0.1 percent as compared to
ground control. The points included both top-
ographic and planimetric features, and re-
lief displacement will distort the results. Be-
cause of deterioration in resolution of the
smaller formats, point locations may not be

Taswz 8. ResurTs of Test [V Point LocaTion Discrepancies WHEN A Suipe

PROJECTOR PROJECTED A 35MM Supe

ONTO THE 3-INCH BaSE ENLARGEMENT.

Test Points Test Points
Format  Qutside Control Inside Controi
Area Area All Points
Mean SD Mean SD Mean SD

3Smm 1.9lmm L38mm 0.825mm 0.32mm 1l.6lmm l.19mm

Scale: \mm equais 3 feet.
3 Controi Points were used in the Rectification

Process.
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exact. Control points used in the rectification
process in every case were not sharp and dis-
tinct points; therefore, coincidence in rectifi-
cation may be an error. Measuring errors and
paper and film shrinkage also contribute to
errors in this comparison.

CosT ANALYSIS

Based on the assumption that to do op-
dmum environmental mapping, simultane-
ous photography with colorand color infrared
film is required, the costs of such S-inch,
70mm, and 35mm camera systems were
analyzed. A two-camera system was investi-
gated for each format. With the S-inch camera
system only one focal length lens was consid-
ered. This had 6-inch lenses which could be
classified a “normal” focal length lens. For
the T0mm and 3Smm formats, however, the
costs of not only normal focal length lenses
but also wide angle and telephoto lenses
were included. For a two-camera system for
the S-inch format a relatively large aircraft
with two camera ports is required while the
70mm and 33mm camera systems a smaller
aircraft with one “camera port” will suffice.
The difference in initial cost and cost of oper-
ation of the diiferent types of aircraft, al-
though very important, is not included in the
analysis.

The different format photos can be handled
and viewed by various methods. These differ-
ent means of transferring the photo data onto
the base map will be discussed but no actual
dollar values will be attached to the different
systems. Generally speaking, the projection
systems for the larger format sizes are more
expensive.

NINE X NINE INCH FORMATS

For simultaneous photography with the
S-inch format, two cameras are required. The
cost figures given are fora Wild RC 10 camera
system:

Two Camera Cost 3 60,000
Two Lenses 30,000
Two Filters 3,000
Intervalometer 8,000
Total Cost $101,000

Cost per simultaneous exposure on color and
color IR film:

2x Film $ 1.37
2% Development 1.36
2X% Transparency 8.38
2x Prints 6.40
Total Cost $17.51

TOMM, AND 3SMM CAMERAS

The advantage of the 3-inch system is thatit
gives greater resolution. The lenses are spe-
cifically designed to eliminate lens distortion.
Focal plane flatness is assured by a vacuum
sucking the film flat against the focal plane.
The disadvantage of the system is the high
cost of equipment and high operational costs.
A large aircraft is required to carry the two
cameras. Viewing for photo interpretation
can be done with conventional stersoscopes,
and stereoplotters. Transfer of environmental
data to a base map can be accomplished with
a zoom transfer scope, a sketchmaster, a
S-by-S-inch rectifying enlarger, or by tracing
onto a piece of transparent material laid di-
rectly over the photo and then enlarging this
transparency to match the scale of a base map.
Nine-inch photography can be obtained by
contract from aerial photography firms but
differential film costs alone can pay for the
small format system. For example, an aerial
photography mission of one flight line requir-
ing 100 color and 100 color infrared expos-
ures could cost from $2500 to $3000. Most
firms do not have two S-inch format cameras,
making simultaneous coverage unlikely. Al-
though numerous variables aifect the costs,
one can see the cost savings involved with
smaller format systems.

TOMM SYSTEM

The cost analysis is made for a two-camema
Hasselblad system of the type described by
Malar and Rinker but with two cameras in-
stead of four:

Cost of Cameras—2 Hasselblad $1,500
Lens: 4,000
2% normal
2x wide angle
2x telephoto
Filters 25 ea.
Intervalometer 112
Other aerial accessory equipment
(Bulk magazine, cassettes,
batteries, bulk film loader,
case, command unit, re-
charge unit) 1,800

Total Cost $ 7,500

Cost per simultaneous pair of color and color
IR photos:

2x Alm $ 0.15
2% development 0.42
2X transparency 1.64
2X print 0.64
Total cost 3 2.85

The advantage of the T0mm system is that
the resolution is still quite good. Film in color
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and color IR is readily available. The disad-
vantage of this system is that the film is not
held flat in the focal plane and that the lenses
are made primarily for image sharpness
rather than for metric accuracy. The photos
can be viewed in 3D with zoom stereoscopes.
Environmental data can be transferred from
the photo to a base map with a zoom transfer
scope, or with a rectifying enlarger or a strip
film projector. Although 70mm strip film pro-
jectors are made, they are not very common.
The 70mm film can be cut and mounted onto
2-inch slides to use with 2-inch slide projec-
tors which are obtainable but are not ex-
tremely popular. With any of the projection
methods the image can be projected to match
a transparent base map mounted on a rear
projector screen. When the projected image
is made to match the scale of the base map,
the environmental data on the projected
image can then be traced onto the base map.

33MM FORMAT

The cost analysis on the 33mm system is
made for the Nikon F2 camera. Robot and
Canon cameras were also investigated.

Cost of Camera

2 Nikon Motormetric 3 2,400
Lenses: 1,800
2% normal

2X wide angle
2x telephoto
Filters 12 ea.
Intervalometer 300
Other aerial accessory equipment
(Bulk magazine, cassettes,
batteries, bulk film loader,
recharge unit, etc.) 1,800

Total Cost $ 6,000

Cost per simultaneous pair of color and color

infrared photos:

2x film $ 0.04
2% development 022
2X transparencies 0.18
2X print 0.36
Total Cost $ 0.80

The advantages of this system are that it is
the least expensive in equipment and opera-
Hon, the lightest in weight, and the most ver-
satile. Also a two-camera bank can be hand
held.” Various focal length lenses can be put
on easily and quickly exchanged. The 35mm

format is the universal format not only for -

microfilm but also for commercial moving
picture film. Most film acquisition, process-
ing and production is readily accomplished.

The developed film can be handled like
standard microfilm and viewed in a variety of
35mm viewers and projectors.

Another important aspect of the 35mm sys-
tem is that it can be used to photograph at
close range a data sheet at the beginning of
each project or during flight so later on the
film is not mis-identified. This is similar to
what is done in the movie industry at the
beginning of each set, or in microfilming at
the beginning of each new series of articles.

The disadvantage of this format is that, like
the 70mm format, the lenses are primarily
designed for image sharpness rather than
metric accuracy. There is no vacuum to as-
sure focal plane flatness. The 35mm format
has podrer resolution than the larger formats.
Also at this stage of operation little 35mm
color infrared film is sold in bulk and it must
be specially ordered in large quantities from
the factory.

Although overlapping 35mm photos can be
viewed in 3D by some zoom stereoscopes,
35mm film is primarily viewed non-
stereoscopically on 33mm microfilm readers.
Two such viewers side by side can be nicely
used to view both color and color infrared
film.” With the 35mm Kodak Motormatic
Microfilm Viewer the viewing screen can be
taken off and the image can be projected di-
rectly onto a rear projection screen which can
be moved to different distances from the view-
er and tlted so that the projected image can
be matched to the base map (see Figure 2).
The environmental data can then be traced
onto the base map. This is similar to the rec-
tification process except that the desirable
data is manually transferred and no photo-
graphic enlargement is made. If desired the
film can also be copied with 35mm slide
copiers or made into 35mm slides and pro-
jected in the same way. '

ConcrLusioN

The objective of this investigation was to
analyze S-inch, 70mm, and 35mm format
photography with respect to resolution qual-
ity, photo interpretation capability, metric
accuracy, and cost. The application in mind
was for environmental mapping. For such
work it was assumed that both colorand color
infrared photography was highly desirable
and that a two-camera system was the best
method for obtaining the required photog-
raphy. '

For the analysis an area of environmental
interest to the Wisconsin State agencies was
flown at different flying heights with S-inch,
70mm, and 35mm photograpny. The area had
a variety of soils, vegetation, and water types.
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Resolution panels and ground control were
also located in the area.

The results of these investigations indicate
that small format camera systems can in fact
play a key role in environmental mapping.
The resolution comparison showed the
superior quality of the S~-inch format at higher
flying heights. At flying heights of about 1000
feet the resolution of the three formats
seemed equally satisfactory. Both the 35mm
and 7T0mm camera systems provided nearly
the same resolution quality at each flying
height tested. The air-photo interpretation
comparison revealed that for soils mapping
the smaller formats were less desirable while
for the vegetation mapping comparison the
smaller formats were preferred. The metric
accuracy tests using a rectifier-enlarger
showed that within small tightly controlled
areas the smaller formats provided just as ac-
curate point locations as the 3-inch format.
However, when control is on the perimeter of
the photograph, errors of about 10 feet can be
expected with the smaller formats at flying
heights of 3000 feet. The 35mm images were
also projected utilizing a slide projector, and
metric accuracy results were better than with
the rectifying enlarger.

Costs analyses were made for 9-inch,
70mm, and 35mm camera systems capable of
obtaining simultaneous color and color in-
frared photography. The costs of such sys-
tems are about $100,000 for the S-inch format,
with the standard lenses; and $7,500 and
86,000 respectively for the 70mm and 35mm
systems including auxiliary lenses. Without
the auxiliary lenses these small format sys-
tems can cost as little as 33,500. The cost of
film and processing is about nine times great-
er with the S-inch system. The savings in
cost of photos alone between the 9-inch and
the smaller format systems will pay for the
smaller format systems within only several
hundred to a few thousand photographs.

An additional factor that requires consider-
ation is the convenience of use of the differ-
ent format systems. For stereo viewing the
S-inch format is preferrable with the 70mm
more desirable than the 35mm format. How-
ever, for filing, indexing, retrieving, project-
ing, and simultaneous viewing of different
frames, the 35Smm is preferred. A marked ad-
vantage of the 35mm format over the 70mm
format is its compatibility with 35mm mi-
crofilm viewing and flm handling equipment.
The 70mm viewing equipment is expensive
and difficult to procure. For projecting onto a
base map for transferring environmental data
the 35mm format equipment is easily ob-
tained and easy to use. Both the TOmm and

35mm camera systems are light weight, ver-
satile, and easy to operate and emplace for
aerial application. A variety of lenses can be
obtained and easily changed during aerial
operations.

The results of this comparison provide a
relative quality and cost standard of the three
camera systems, providing the user a basis-
from which to make sound decisions. The
accuracy requirement of environmental
mapping is in the magnitude of tens of feet.
Small format systems can provide such an
accuracy, and their initial and operating costs
are about /10 the cost of S-inch mapping
camera systems. For those engaged in en-
vironmental mapping it is recommended that
they closely look at the small format camera
systems, specifically the 33mm system, to as-
certain which system can provide rhexr map-
ping needs at the least cost.
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SMALL FORMAT AFRIAL PHOTOGRAPHY

Introduction

There are many examples of the usefulness of aerial photographs in
natural resource investigations. Unfortunately, suitable gerial photo-
graphs are not always av;ilable, and contracting for new aerial photo-
graphs to be flown by a commercial aerial survey firm can be expensive,
especially for relatively small areas such as a single farm, a 100-acre
wetland tract, or a city park. Do-it-yourself aerial photography using

. small format cameras (typically 35mm) has been shown to be a viable
alternative in many instances, providing valuable aerial photographs on a
cost-effective basis.

This bibliography has been preparad to direct the reader to sources
of information about successful applicatiomns of small format aerial
photographs. It is by no means exhaustive, but serves to illustrate
typical methods, materials, and analysis procedures in a number of appli-
cation areas.

To facilitate access to items of limited distribution, the EROS Data
Center Library call number has been included as.part of the citatiom.

Other items are found in techmical journmals of wide distributiom.
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International Commission for Higher Education, Boulder, CO, 30 p.
(EDC call number 854.M619a). .

Summary report on how the 35 mm system can be used to provide a high
quality, permanent photographic record to assist in monitoring
resource programs; examples include inventory of surface resources,
rangeland wildlife habitat, forestry, watershed, mineral explora-
tion, and surface protection.

Milfred, C. J., and Kiefer, R. W., 1976, Analysis of soil variability
with repetitive aerial photography: Jourmal of the Soil Science
Society of America, v. 40, p. 553-557 (EDC call number 560.M598a).
Discusses how repetitive 35 mm aerial photographs can be used to
help identify and evaluate variations within soil mapping units

especially as the variations relate to differences in crop growth
and yield.

Rhody, B., 1976, A new, versatile stereo camera system for large-scale
helicopter photography of forest resources in central Europe:
Photogrammetria, v. 32, no. 5, p. 183-197.

Description of a 70 mm twin camera system for large scale stereo
photography. Details for the construction of an adjustable camera
mount are given. Applications of the system for species identifica-
tion, tree height, stem diameter measurements, and assessment of

tree quality are presented. The system can be adapted to fixed-wing
aircrafe.

Rinehard, G. I., and Sherz, J. P., 1972, A 35 mm aerial photographic sys-
tem: Institute for Envirommental Studies, Remote Semnsing Program,
The University of Wisconsin, Report number 13, 13 p. (EDC call
number 264.R472t).
Describes a 35 mm system utilizing two motor-driven Nikon cameras
Several operational problems are presentad. A discussion om appli-

cations in water quality, vegetation and rescurce evaluation is
included.

Sabins, F. F., 1973, Aerial camera mount for 70 mm stereo:
Photogrammetric Engineering, v. 30, no. 6, p. 579-582.
Description of a single camera mount, accessories, and a procedure
whereby high quality aerial stereophotos can be obtained.

Scheirerl, R., and Meyer, M., Evaluation and inventory of waterfowl habi-
tats of the Copper River Delta, Alaska, by remote sensing:
University of Minnesota Remote Sensing Laboratory, St. Paul, MN,

46 p. (EDC call aumber 505.Sch2S5e).

Test of a 35 mm aerial photography system on the Copper River Delta,
Alaska, to monitor waterfowl habitat and related vegetatiom and
hydrologic changes. The 35 mm aerial photography system was found
to be practical as a resource monitoring tool from the standpoint of



resource data collection capabilities, modest cost of operatiom, and
operational feasibility.

Strandberg, C. H., 1963, 35 mm aerial photography for measurement, analy-

sis, presentation: U.S. Public Health Service, Division of Water
Supply and Pollution Countrol: Demonstration Grant WPD 20-01-1963,
55 p. (EDC call number 085.St81lt).

Problems in aerial photography including haze, aircraft speed, time
of day, season, and effects of cloud cover are evaluated. A guide
to 35 mm equipment is given along with a discussion of applicable
interpretation techniques.

Woodcock, W. E., 1976, Aerial reconnaissance and photogrammetry with

small cameras: Photogrammetric Engineering and Remote Sensing,

v. 42, no. &, p. 503-511.

Description of 35 and 70 mm cameras, f£ilm, aircraft, and camera
mounts that can be used to acquire inexpensive reconnaissance aerial
photography.

Zsilinsky, V. G., 1968, Supplemental aerial photography with miniature

cameras: text of paper presented to Commission 4 at the llth
Congress of the Intermational Society of Photogrammetry, Lausanne,
Switzerland, 14 p. (EDC call number 264.Z8s).

An excellent guide to the technical aspects of taking, printing, and
viewing of vertical 35 mm aerial photographs.
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