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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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INITlAL PROJECT: 

1 

5,0C<J acres of potato fields 
done on weekiy basis 

PHOTOGRAPHY AND PROJECT CONTROL 

Jack C. McKinnon 
of 

McKinnon Photo Services 
Glenboro, Manitoba 

Phone 294 



Ftg. 5 - Sunflower fietd. Left half snows heavy 
stress from Scleratina Wilt. Dark spots illustrate 
mechanical damage or seeding misses. 

Fig. 6 - A bird's eye view from 96CO feet, taking in 
one square mile. Lighter spots indicate shallow top 
soil. 

F1g. 7 - ObUque angle from 10,CCQ feet, taking in 
severaJ square miles. Shovvs cath ot hailstorm in 
Bruxelles, ~1anitoba, area. · 

Processing: The present E-4 system with 
tanks in a controlled 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 
do.wn as well as more consistant exposure. 
However, an oblique picture can often en· 
compass more area as weU as enabling the 
viewer to identirJ 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-, appro:::. 
(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 5 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. Tne 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. 

Other benefits to Potato Growers: Again 
many of these ide3.s originate with the producer 
after they studied the photographs. 

Soil variations: Due to the difference in 
reflectance shailow topsoil is ciearfy indicated. 
This is due tO the fact that clay or sand ts often 
mixed with the loam due to deep tillage 
practises. Having chis knowledge the producer· 
may alter the type or quantity of fertilizer or he 
may choose another variety of crop. 

Drainage Patterns: Since moist soil shows 
differently the low lying areas can be easily 
illustrated. This could be invaluable information 
if one were investing in 3.n irrigation system. 
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The tecllnique of using color infrared aerial 
· photography to detect disease and stress in 
agricultural crops has been known for some 
time. In 1%7 Franklin E. Manzen of University 
of Maine clearly illustr3.ted how both color and 
black and white infrared photography could be 
used to detect late bligbt in potato fields. While 
attending tbe 1975 ann·ual m~ng of P1ant 
Pathologists held in Houston, I was surprised to 
discover tbat ozily a handful of people are 
actively pursuing this technique. Most of tbe 
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 ~viding 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 a.s 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 l.l11dertook to photo· 
graph 5.000 acres of potato fields on a weekly 
basis. The producers who joined the program 
were required to contribute S 1. 00/ acre. The 
rest of the expense was born by a F eden.! 
government grant ·from Energy, Mines and 
Resources, as well as the business involved, 
McKinnon Photo, Glenboro. Manitoba. 

Following is an outline of some of the 
technical requirements and data of the pro· 
gram. 
Technical 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 - IE-135·20 Ektachrome ·Infrared 

Ew'C-135 Ektachrome Colot: 
*Filters - Wratten #12. Wratten #15. 
*Came.ra Mount - none · handheld 
*Processing - E4 process after fligbt 
*Angle of view- vertical, oblique 
• Altitude - 300 ft. · 9600 ft. 

The aircraft was quite adequate but plans are 
being made to install a camera mount to shoot 
through the _bottom of the aircraft. P-:obably a 
112 Cessna will be used. The Nikon camera 
system is quite adequate since it has a 
motor-driven system; however at times it would 
be an advantage to have a 70 . mm.. format. 
Much more work needs co be done on film filter 
combinations. 
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Fig. 2 P9tato fields in Winkfer area. Color 
variation due to different variety. No evidence of 
stress in either field. 

-.. - - ~ 4~-· 

- .:::.. ~ -:... 

~~~~~~~ 
Fig. 3 . - Another vertical view of potato fields. 
ApproximateJy 5CCO feet altitude. Notice the loop of 
the ancient river bed resulting in soil variations. 

·-:..;,.. _ ____ _;·.:__--:-· .. ..:::·-·-·----=-·- . =.. :_..:.:.:.;.--===·~ 

Fig. 4 - Experimental plots at Morden Research 
Station. An excsUent place to try a variety of infrared 
tria!s. · 



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 fi·g. 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. 

MECHANICAL ERROR Wl'IH EQUlPMENT: 

Fig. 1 Acreage Chart 
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McKinnon Photo ~emces 1974 
Ph. 294 Glenboro. Man. 

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

SOURCE OF FA&'~: RECORDS: 

After these pictures. have been done regularly, they b~me 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. 

FU11JRE OF THE SE:RY1CE: 

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

However, change does not come easily. It will be man.y years before the majority of farmers will 
request this service. In only one narrow fieid 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 e:cperimenting will be required, as weil as developing credibility with the potential user . 
The avenil program of 1975 has been moderately successful as far 3.S it has gone. Hopefully, in the 
years to come. others will join in the effortS to _develop this very useful too! to be effective in many 
ather fields. 

F1nanda1ly, it would not have been possible to devote the necessary time and energy to this project 
without the mentioned gTant. The Depamnent of lndustty and Commerce of t.'lc: Province of Manitoba 
have b~n most encouraging wi.th offe~ of fmancial assistance as well as. a considerable 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. 
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Low- Cost Aerial Photography 
For Agricultural Management 

W!l.LIA..\tf E.. wn..DMA.l'~ • R.t.;~Y A. NZ]A • ]A~ K.. Cl.A..U 

Any agrieultur.st viewing c..liiorn.ia 
• aooland.s from an airpia.ne at low 

altirud'e must be im:p~ssed by the broad 
view be geu. E.ntire fields, &om 1 0- to 
640-ac:re bloek.s, may be seen in one 
g:iance. Re.!.:ltive thriitin~ of piants ill 
va..-iow par..s of the field are e:lSily ob­
served. Patt:!'t'.s of aop variation caused 
by nonu:lifor:n fertilization, irrigation, 
d:'a.im.ge. salts. soil te:t'tW"'e, soil depth, 
disease, a.nd insect dam:a.g-.: a.re often more 
evident from t.'le air than they an at close 
r:mge on tile ground. The e~onomic: sever· 
tty of tile conditions, however, must s::ill 
b< dete::nined on the ~ound by n:u::~.Sur· 
iUg such. factors --iS-?iuii--g-rowth, · c:rop 
yield. product quality o a.~ wtimauly 1 

ne: ret'...trn. 
We beame illterestd ill the poten· 

tial of low-<ost ae:-".al photography-wing 
relatively ine:t?e::sive planes J.nd hand· 
helci 35 mi:l camera-when it appeared 
t.~at we cou.lci u.sc this l:lethod to Uhu­
tr:lte radical d.ifi'e:rences i.n g-rapevine 
growth c3wed by V'3l"'fing soil cie?ths in 
vineyuds. 

. .,-. - --... ...... ,_. 

= 

:< = ·= ·= 

Fig. 1. Uniform irTi~tion on nonuniform soils 
causes wioa maturiTY variations. An additional 
main line would allcw irTigation tc. match soil 
oro;urties and produa a mon uniform 
~ 

After about five yars e:tpcrience, 
we conclude that ae:-".al photography can 
be a useful tool i.n at least the following 
~e35: _ _ 1. educatiC' .. ; 2. evaluating land for 

furure-vineyarcis or ort:hartb; 3. compil.i.ng 

c:rop hinori=; 4. monitor..ng e:cper-~ent· 
al plots; and 5. diagnosing plant 
problenu. 

E.duation2J uses 

Ae:i3J photos of coastal valley vine· 
yucb have been most use!ul in Extension 
eduational prognms to illustrate so.il and 
aop variation within the same vineyard 
block. Nonuniform vin~ growth oi'te:l 
corresponds with varying soil ciepth or 
tenure. Aerial photos emph3Si%e the ooo­
unifor:n.ity, convinci::lg the grower that a 
change in m~e:nent pnetic:~ in e:Wt­
ing vineyudl shou.lci improve yield md 
au.ality, md that soils of future vineyarc:is 
should be thorougrJy i.'lVestigated befor~ 
?ianting. 

? hot os ~en during the harvest 
period show tile r-e3test con~t beau.se 
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vines that are drying and de.foli3ting in 
shallow soil (coveT ;:>hoto) or coarse tex· 
tured soils (f1g. 1) differ gTe3tly froc 

vine3 that still have lu.sn gTeen foiiage 
g-!'owing on cieep- or med.iu.m-textu.-ed 
~ils. Since the3e contrasting soil depths 
or textures C3n occur side by side along 
permanent spr".nkler irrigation !"WU, luge 
ciiffermc~ in yield Uld qua.iiry oft:: 
result. To optimize ~rociui:tion and qual· 
iry iii suc:h vineyardS~ :l enange in i:rip­
tion manageme-nt may be sufficient-for 
a.a.mple, in'igating Ugh tly and. frequently, 
vvying sprinkler nonle size, or, in ex­
tre::le ases, plt..lggillg the no%%1= in uea.s 
of deep soil Howeve:, i:l some vineya:dl, 
redesigni.~g the sp~e: system may be 
n::;uired to allow blocks of soil to be 
irrigated separately from grea:iy cont:"2.St· 
in~ are3.S ne:uby. 

Too often, a gTowcr may have 
reeognized a ;:>robie:n f-rom ground obser­
vatio cs but let it remain uncorrected 
because he thou.ght the area aifeeted was 
rciatively sma.il. Aerial photos oi-:l:!l show 
~tions i:l gro~'l that incilc::lte t.~e 

pf.oblem is more ex-.e:Uive ~an the grow­
er re:Wzed.. 



Evaluating land for future crops 

A grower considering a. permanent 
crop should carefully examine the poten­
tial site before planting. Aerial photos of 
bare soil or previous crop growth can 
show soil variations that should be inves­
tigated oa the ground by such means a.s 
digging backhoe pits. With deta.iled infor4 

mation 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 
c:ul design irrigation systems to provide 
the appropriate water application rate 
and frequency for each individual block. 
If the soil proflle contains shallow com­
paction or deep restricting layers, he can 
apply deep tillage or modification treat­
ments before planting 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. Tb.e first photos 
should be taken in early midseason when 
crop growth is normally vigorous and uni­
form. Corrective measures can chen be 
taken if crop nonuniiormity is due to 
variations in irrigation, soil fertility, or 
pest control. 

A second set o.f photos tJ.ken wh~n 
part of the crop plants are d..rying up 
while others remain green usually ~ves 
the :nost information about clliferences in 
soil waterholding cJ.pacity or root dam~ 
by soil pathogens. These photos are most 
~eful in determining whether any major 
operations (deep tillage, fumigation, or 
changes in management such as irrigation 
design or scheduling) will significantly im­
prove growth i..Tl. the following years. 

Aerial photos taken each year pro­
vide a record of crop p~rforma.c.ce and 
can be used a.s a means of improving man­
agement prnctices and justifying their 
costs. ~listakes made in crop management 
Jre often painfully obvious from the air 
(fig. 3). [f the photos result in improved 
management, their relatively small cost 
should be returned mmy times. 

~lonitoring experimental plocs 

It is useful co photograph experi­
mental plo cs from t.'le o.ir periodic:illy 
during the gTowing 5ea.son. Our phocos of 
vineyard ex?erimems have provided 
visual proof that vine growth !n plots 
given a Li3h!, frequent inigation based on 

tensiometer readings i.s better controlled 
chan growth in plots given heavy, infre­
quent irrigations with a.n early cutoff 
b~ed on a calendar schedule. 

By analY'zing infrared photos of 
experimental plots with sophisticated 
optical instruments, correlations of plant 
health with color tone m.igh t be devel­
oped a.nd used as standards for prediction 
of commercial crop performance. How· 
ever, many photographic and plant 
,growth variables would have to be con­
sidered ii workable standards were to be 
developed. (See figs. 4a, 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 cotTective measures will be incre:uingly 
im po rtan t benefits. Fig. 5 shows one 
example in which the photos did pinpoint 
the cause of irregular vine growth. 

The differences benveen 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 

___ p_:netration (because of filtering out of 
the haze-scattered blue light). If we clidn 't­
have the color inirared, 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 c:uneras and 
aircraft chat are readily available co grow­
ers, agribusinesses, and researchers. 

We used two 35 mm single tens 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 fllm, the ocher 
v.i.th color infrared. Tney were placed as 
close together as practicable and were 
aligned to frame exactly the same scenes. 
A No. 15 (Wratten or Tiifen) filter on the 
camera containing the color infrared film 
6ltered out blue light for a proper color 
balance. Standard 50 to 55 mm lenses 
were used most often, and the aircraft 
was t1own at the J.ltitude required :o 
frame r...~e picture desired; howeve.r, for 
very lar3e fieids and on hazy days, 28 mm 
lenses reduced the altitude required for 
the picture. 

Ac very tow altitudes, the apparent 
.speed of the ground c:1n CJ.use biuni.ng, so 
fast shutter speeds ( l/500 or faster) are 
necessary. On the othe!" hand, very 3mail 
fieids may be more conveniently photo­
graphed using a telephoto lens a.t a higher 
altitude .. Care must be taken, since any 
motion of the -c~e~ will be magnified 
by a telephoto lens. 

Exposures for color infrared f.llm 
are not readily obtained using ordinary 
light meters. However, a. light meter set at 
:-\SA=lOO can give a flrst approximation. 
Several exposures should be taken at half 
and full stop intervals above and below 
the light meter reading, until one has had 
some experience with the fllm and cam­
era. Decreases in radiation due to low sun 
angles or cloud.ines~ make it difficult to 
estimate the exposure, requiring more 
than normal bracketing. 

Color ininred film does not record 
heat differences, but is nevertheless sub­
ject to damage by high temperatures. 
Even at nonnal room temperature, the 
film dyes change with time. To maintain 
the most consistent results, the film 
should be kept frozen until just before 
use, a.nd then allowed to warm to room 
temperature before removing from tit ~ 

cannister to avoid condensation of mo i.s· 
ture. Color infrared fUm should b!! 
e::tposed within a. short period of time, 
removed from the camera, and refrozen 
before sending to the processor, if possi· 
ble, in a. sty-rofoam chest con tai.ning cold 
packs. 

Various light :lircrait may be 'J.Sed 
but some are more convenient t.b~Ln 

others. For occasional photography 
where no modification of the aircraft is 
desired, we find high·wing planes i.."'l 
which a window em be open wide ~o be 
the most versatile. 

The procedures outlined w·ill enable 
almost any agriculturist to take useful 
photos for crop management. However, 
commercial or research photographers 
who require high resolution aerial photog­
raphy should install specially designed 
aerial camera equipment: i.."'l planes modi­
fied for the purpose. 

We have just scratched the surface 
of possible applications of low-cost J.erial 
photography to agricultural md env1ron4 -

mental management. \(uch more rese:ll'ch 
is needed to match the resuonses of 
different crops md native m~cies with 
dilferenc environmental c~nclltions, :md 
with the resulting char:J.c.eriscic ''tone 
signatures" on color and color inirared 
films. 
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~ig. J. Unewn aopiiation of nitr()9ef' f.nili:er 
on ria is Yef'Y e'ltident from :Tit air. 

W• grw•rJy •c;c;reci•r~ suc;t:;orT of rh• Hri•l 
~h oro /11"'09,..,., oy Mont•f'PI CDunty r;,..~ 

Grow•t's Auot: •• S.iinu Vall.., Vi~MY•'=· 
Wenre Brothel's. Mi~ Viney•rT:t:. P1ul 

!Ms:ron Viney•rtb. Oc:id•nr.l Ch~ial Cc •• 
Oow Cnemial Cc .• J. G. Boswell Cc •• •nd 
~••m•r Rivet' M!. t..~n O:ntrmu ;,.. A.s:sot:. 
'nl•nks arr also due Or. Pf'lilic; ungitty oi E•fTft 

S6 rttll irl C~. for PteD•ring m• tl«nronit: 
im~ ~nn•nc.m•n r:. 

Wlliam E. Wilem•n is Exur.sion Soii: SD.ci•l· 
ir., O•tfis; Rudy A. Neja is ;:.,,., Acvisor for 
Monar!y Counry ; Jack K. CJ•rk is 
Phorograr:mer, Visu•l Ai~. D•vis. 
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Fig. 2. Trenching r~erv fourth vine row to ptac:a 
irriptio~ pipelines loosened · a s.verely corn· 
I)IIC'ted soil and ~:>roducad an unexoecnd benefit 
in yOuf"'CJ vine 9"0W'th. 

- -· -- ·~ - ---- ._-~ .... ~ ... --....-..- -- ... . - - · .. ·----~--~ : ·· : 
.-il(. . • ___ _.~~ . ... :;;:.... - ·.;,;.--· :. ·- - - - -· ---_--_ _ - .... -:=.: -:- --~~~~:_ -:::; 

ir=· 2iSa.:;:.-;;:;;:::c:=.~:a;"'"!!. ~~-e;.:-;:;~_;_ ~~=s5·::· *'=· !:11. ====-:.=.::!iis:ii;.~F.::=· 1:\!1:· ~r:~:r~.e=~==-=-=-=-=~~-~""t0~·- _=-:~~-~='-~ ~._ -~ 
Fti- 5. Oiaqncsis ot 1 vineverd ~rcblem WIIS mace =:,y t~king Hriai l't'tctcs a few davs ahef' flood 
ir'l'~tion. Small vines at me ends of the rows c:crreiated wim drv Nrlaa soils. whiie tar~ vines at 
!f'l• canters c=~tand wim soil :nat was nitl rnotst at the surface. A.coarently i moroc::~er leveiinc; 
aHowecj most of tne w.~ter :c in'filtrau the anters. 
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Figs. 4a and 4b. Color infrared photos (left and right) of corn experimental plots at the Kearney 
Horticultural Field Station are superior to ordinary color photos in differentiating six different 
levels of nitrogen fertilization . Sv analyz:ing infrared photos with sophisticated instrurr'ents, it may 

t::e >'Ossible co match a par-ticular coior with a certain nitrogen !evel...,:>otentially a very useful 
management device. However, many oth!!r variables that affect the color cone would have co be 
kept constant. 

r:ig. 4c. Slight differ"!nces that are undetectable 

to the eve mav qe made visible by electronic 
image enhancement. After ~lectronic image en­
hancement of fig. 4a, all six N levels are clearly 
di fferenciated. 

8 
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Crop problems can't hide when 
airborne photographer captures 

them on infrared film . Gene Santo 
(left), fertilizer 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 1 
just couldn · t see on the ground. ·· 

Santo's slides help Fuller stay 
ahead of trouble during the 

growing season. 

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 : ~he Farm Journal, December, l276 



,.G. 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 fanners through the use of infrared photog­
raphy. They can also detect fertilizer defidencies, 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 tirst 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 50 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 by 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 

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 ret1ec­
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 (C;ntinued on page 37) 
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Now ... Infrared 
(Continued from page 19) 

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

But as Farm J ourna/ 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· 
k~ but they couldn't offer the help 
he needed. Their studies had cen· 
tered mainly around house plants. 

"What I 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 1 00 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. 

••tt 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 ISS 

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 joln Santo 
on his flights ... Sometimes I 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 fust time I . saw one of 

Gene's slides of one of my new alfa1· 
fa fields, I just cou1dn '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, San to 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." · <J 



Lamb County is Using Aerial 

Photos to Verify Acre2ge 

Crops from Air 

By Nilah Rodgers 

THE ASCS office in Lamb county, 
on the High Plains, is now usinC7 
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 ~y~~~ 
get one crop measured. ..Now we 
charg~I,r_@'"t:"'ih"t!:fir:S~~_aena-kolotJ 
transparency taken cmc...k$~:for.:sCM 
subsequent picture,' .. said.-all! Far­
ris, county ASCS executive director. 
"The average farm requires about 
five minutes nying 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 
figure it saves at least 50 percent 
for the farmer. And it represents an 
80 percent saving of our time in the 
office," he said. 

··Each photo covers a 3.?Alle!! 
s~m>~r a labor of land~ Some-­
times, if the fields are laid out 
rjght, th~ ohotos cover~-·~~£:' 
a:nd.~aa.lt.or a labor and a nalf. 

.. I! we can get a quarter-section 
and another hal!, or all the produc· 
er's plots in one photo, we refund 
the money we charge for a second 
photo. Say, i! a farmer has three or 
four crops growing on one labor, 
where he would pay a $40 measure. 
ment fee for each different croo, 
'With the aerial photos he'd only pay 
$11 for one photo," Farris said. 

The Lamb county ASCS office 
pays a commercial pilot flyi.:ng time 

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 comoliance 
supervisor Jake Moreland ac~ompa­
nies the photographers on each of 
the trips as an observer. He points 
out the exact location of the plac·e 
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 tor turn.rows low 
lying areas, terraces, and di!f~rent 
crops are readily ide!lti!iable." 

The plane nie~ ·'lr~ -!f..- ct~ite. 
~cr ~ ·Photos are made with 
a :35'1Xllfi ~w: Processed color 
transparencies are put in an over­
head projector and the aerial shoes 
are projected below onto the orizi­
na1 aerial photograph of that far~. 
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 clotted farm map 
different crops a~e drawn of!. Th~ 
office part of the croo 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 taoes. 
The result is more accuracy .;,.;_th 

far greater efficiency, yet wi.th a 
big ~eduction in time and money," 
Farru said. 

He said there is a vast difference 
in colors ot crops - even related 
crops like cotton. soybeans and 
peanuts - which makes it easy to 
se~ the crop lines. 

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

.. This can make it dit"!icult to 
· identity crops from the transparen­
cies. This is the. reason we have to 
have an observer !rom the ot!ice 
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 identifie'd from the air. 
Last fall we took some photos that 
showed cotton absolutely lavender. 
The purplish color was due to the 
frost changing the leaves and to 
some ot the bolls beginning to ooen. 

"There is a big di!!erence in the 
reflection ot light in plants. Some 
crops absorb and hold all the light 
and show up dark. Others radiate 
light. . 

''There is quite a contrast, say, 
~etween peanuts, cotton and soy­
oe7ns. And for other crops, even if 
Ne re not sure what they look ~ike, 
7¥-e know what they never look like." 

Taken from: The Farmer - Stockman, May, 191'7 
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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 measur~ 
ment," Farris said. "So the produc­
er can't get into trouble if an erro­
neous measurement is made. Our 

· acreage measurements are used tor­
certi!ica tion. '·· 

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 measur~ments of terraces 
that might take two and a hal! or 
three days. And then we might still 
be off getting the right measure­
ment. 

"Now we can tly '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 'wltill 
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.STOCJ<MAN 



Aerial Color Slides 
Measure Crops 

In Coastal Bend Counties-

· 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 Patrida 
County in a crop meaSuring 
program that takes in 15 counties 
in the Coa$tal Bend. 

"We have our aerial mapping 
program running smooth after 
getting organized in April of this 
year," _Glenn Drachenberg, 
executive director of the San 
Patricio County office said. 
"Martin Chandler, Parmer 
County ASCS director, helped us 
set up aur initial program and 
since that time we have refmed 
the process to our conditions and 
ar~ 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 35nun camera using a 
wide angle lens. From this 
altitude each picture covers a 

· little in excess of one section of 
land. 

Photos Matched 

By Keith Guthrie 

After the slides have ~n 
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 b~ 
using prominent land marks sum 
as ponds, crossroads, etc., the· 
two photographs are matched up 
exactly. 

· ~ 

Cotton and grain, the two crops 
being checked in the Coastal 
Bend area, appear in different 

... 

EQUIPMENT CHECK is made by Glenn Drachenberg, San 
Patricio County ASCS director, through the rear hatch of 
the plane as Mrs. Hattie Fojtik readies thl! ~amera ir. 
preparation for a flight to take color slides to be used in 
acreage checks of cotton and grain in the Coastal Bend 
region. 

luly 21, 1977 Southwest Farm Press 
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colors on the slides so that an· 
accurate check on the ex.act 
acreage planted by each fanner 
can be determined in a . few 
minutes by the trained 
technicians in the office. 

Hattie Fojtik, a veteran of 18 
years in plotting acreag~ from 
field notes and aerial. maps, , 
heads up the offiC1! crew which , 
works up the fligbt plan from 
requ~ goes along on. the flight · 
to help identify the farms and. 
then snaps the photos. · 

"1 have a photo copy of each 
fann 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 mown 
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 i.! level and then 
take the picture." 

· Careful PlaJming 
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 fa..--m&-s are requited to list 
the acreage that they have 
planted to grain and cotton. As 
these reports are filed by the 
fanners a list i.s made, and using 
a pre-set method of selection they 
will photograph approxlli1atei· · 
10 percent of the farms in a giv~ ~ 
county for checking purpos~ . 

"Ground checking is em· 
played," the director said, "if 
any question arises." He went on 
to say that so far the program i.s 
being well received by the far­
mers in San Patricio Caunty. 

'Spying' Charged 
"At first the fanners 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 
fann be photographed and it will 
be put on the list and l"'Jil 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 ot the next farm to be photographed. 

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 GOPY­
of the color slide for his own u.se. 

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 Outlbted 
"We do not have figures in our 

office yet as to the possible 
savings being effected oy this 
procedure," Drachenberg ex· 
plained, "but in other areas a 79 
percent saving in time and a 36 
percent saving in actual costs 
has oeen 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 
johnson grass," 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 aiong 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 included in thl3 pilot 
program in South Tens have all 
visited the San Patricio County 
office and have been briefed on 
the operation~ Wh~~-~:v-iouiity 
gets enough farms on £aei~llst 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 

BELOW lay the sweeping 
expanse of eastern Colo­

rado farmland. While Doug 
Washburn, Hornick. I a.. jock­
eyed the single engine plane for 
position, his partner Jerry 
Bindner, Sterling, carefully 
photographed selected tracts of 
knee-high com. 

· "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 fanning full time in 
eastern Colorado and Iowa. 
They have photographed o••er 
iO,OOO acres in seven states 
since they began. Bindner says. 

"In short, infrared enables 
farmers to locate and identifv 
many problems in their fields 
before serious crop loSSC"S . are 
sustained," Washburn adds. 
••Although infrared can't pin­
point every problem, the prac­
tice can alert fanners to water 
distribution weed and insect 
pests, fertilizer deficiencies, ero· 
3ion damage, stand uniformity 
and soil compaction, to name a 
few of the benefits." 

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

ticulariy sensitive to rays re­
flected bv water, heat and 
chlorophyll-all of which show 
up in distinct shades of red. ma• 
genta, blue, gnen and brown. 

Because every plant either 
has different amounts of 
chlorophyll or transpires at a 
di.tierent rate, various plants 

· can be singled out and identi· 
lied by a spei:iiic color on the in­
frared film. Grass, for example, 
shows up a.s a different color 
than com 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 Iowa 
State University agronomy 
graduates nplain. 

\ Their Sterling-based com· 
\ pany. called Aerial Infrared 
\ Monitoring, works closely with 
\ farmers and in cooperation with 
i commercial ag-chemical dealers 
1 and sprayers. They offer a full­
. service program for $3 per acre 
ivhich 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. W ~. poor water 
distribution, nutrient defi· • 
ciencies, etc., can be verv accu­
rately located at thiS' time, 
Bindner claims. A large color 

!continued on pagl! 16 

MOger Ashley. Akron, !ert. and Jerry Bindner. Sterling, predict aerial in­
frared ptlotograpny w111 oe tn widespread use in Coioraao wtttlin a tew 
years. 

Colorado Ranc-her & Farmer 

New circle of no-till com shows excellent water diStribution (dar1< shaded 
area). Black spots and mottled areas, however, reveal where herbicide 
railed to burn ort existing ve9etation completely and halt weed infesta­
tions. 

Uneven water distribution shows up on this alfalfa circle as a light band 
circling around field (see arrows). Farmer avoided serious production 
tosses by correcting center pivot"s nouling. 

. _..,_ ,t 

Five varieties of corn and one variety of pinto beans (1ignt quarter) cat1 be 
seen as contrasting smps vn th's ctrc!e. Bottom edge of pinto beans also 
shows wnere iield is b~inning !O be cultivated. 

December 1977 Color-ado Rancher & Farmer 



.. ~spy-in-the-sky' 

''Aerial infrared pho(ograpl'ly is a 
new rooi management tool now 
availaoht to Colorado tarmel"$, '' 
says Ooug Wasl'lbum, Horn.cx, Ia. 

reproduction of the h'tf:.lre<i 
slide al:!o is made and serves 
as a map for the fanner to lo­
cate trou bie spots in his field. 
Map in hand. the farmer (or 
custom sprayer) can treat ;;pe­
ciii.c problem areas rather than 
covering the entire field. 

The second photograph, 
taken before pollination, re­
veals additional w~d infesta­
tions or nutrient deficiencies in 
tim~ to make corrections, if nec:­
es.sa.I)< prior to sf!1:-d t'llling. 

The third photograph, taken 
after tasseling. not only checks 
to see if the proper corTection.s 
were made in the growing pro­
gram, but also serves as a valu­
able planning guide for next 
year's field preparation. Areas 
of compac~ion. for instance, can 
~ pin-pointed and treated <;>.;tn 
sulfur to relieve isolated orob-
lenu, thev sav. · 

Bindne~ adds that in rrared 
photography can be particu­
larly helpful to farmers trying 
to make accurate soil te~cs.. :In­
like Midwest soils where ft..."'til­
ity bas been built up over gen­
erations oi farming. Western 
soils often ll.ave variable soil 
conditions (e.g., alkalinity) even 
within a small area. 

He says that many of the soil 
tests perfol'!Ded in the state are 
inaccurate since they often are 
taken in the wrong areas of a 
deid. "Random t.escing is 'i v'!ry 
poor way to determine a 
farmer's true soil situation, yet 
thac'.s bow m011t of the soil testa 
are made." 

Bindner says an aerial in· 
frared photograph taken after a 
crop has been harvested pro­
vides a ver• accurate comcosite 
of the soil cype on a fwer's 
field. It shows area distinctions 
of moisture holding c:1pacity, 
pH and copo~aphy. "A prop. 
erlv :a.ken infrared ohoto is an 
ex~eUen t g1.1ide t~ indicate 
where the most ~resentacive 
soil is located." 

'"! would never buy a piece of 
ground unle!!.S I had .111 aerial 
infr::u-ed photograph :aken of 
the area." Washburn adds. .. In. 
frared doesn 't repl.aca soil 'est- - . 

.··"·"" 

Colorado Rancher&: Farm~r 

mg ground crews-it aids them. 
lt'.s an example oi how the pb.o­
tographic technique can be 
used very eifectively as a man­
agement tool." 

Although photos can be 
taken on m011c field and orchard 
cropa, a full ~rvice program 
may not be economically fea­
sible on some small grains. 
Bindner notes. However, a 
single shot of an open wheat 
field. for instance, can be very 
beneficial in lcxatin~ potential 
low yielding trouble spora. 

W aahbum adds that the in­
frared technique sometimes in­
dicates a problem in a farmer·~ 
field that can't be interpreted 

· just by viewing the slide pro-­
jected on a screen. ..In thOM 
cases. we jump in the pickup. go 
directly to the field and discuss 
with che fanner what the prob­
lem might be." 

Although some say that ae­
rial infrared photography can 
predict crop yields, Bindner d.J.s. 
agrees. "Sure, we can tell a 
farmer if his crop is going co be 
good or bad, but we're not vet 
to the point of predicting acau· 
rate bushel counts. It may 
come in time.'· 

Bindner and Washburn gen­
erally cover about a quarter 
section or a single center pivot 
circle with each photograph 
rhey cake. "! suppose we could 
ta.l{e a series of more d!!tailed 
photos, each covering fewer 
acres. but this would be very 
costly. We feel the amount oC 
area we cover provides good de­
tail of the field and is reason· 
ably priced." 

Washburn says that if their 
service can correct a minor 
problem on a qua.r1:er s~tion 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 farme~ and 
ag-chemical dealers last year, 
we'll be doing a lot more work 
next year," he predicu. 

1 Roger .~hley, owner of a cus­
i tom spraying and agncult\lral 

serv1C1! at Ala-on, ~nlisted the 
semces of Bind..,er and Wash· 
bum last year on irrigated corn 
and sugarbeet fields in eastern 
W a.shington ~d western Yuma 
counti~. -

He uses their serv1~ in locat­
ing anas to make accurate soil 
casts, correcting problems in 
water distribution through 
sprinklers or flood irrigation 
.systems. improving weed con· 
trol. detecting herbicide injury 
and i:nproving nitrogen a~9ii­
cation. both through spri•'lkler a 
systems and ground appli­
cations. 

In addition, Ashley believes 
the infrared ohocos wlll serve to 
make hjs empioye1!S vigilant in 
cheir fie!d work. "We oride our­
selves on providing a 'thorough. 
even application of .chemical.:i 
on a ne!d. we have to do a good 
joo. All we have to 3ell is our 
service., and our busine!!.S i.s no 

aetter than the service we pro­
vide. 

"When I ~nd a man out to 
apply S7,000 worth o{ fertiii:ter 
on a fanner's field, he 'd better 
do a 5.:st-dasa job. I couldn't 
get around to check every job in 
the paat. but th~ ·;py-in·the­
sk;;' now will show any errors 
very cleuly.'• 

In the furure. Bind.ner a.nd 
Washburn hope to cake more 
photognpha and do less con­
sulting and interpreting of the 
photognphs. "Inte£1)reting the 
phot05 is not the m015l: difficult 
part about infrared. With a 

little practice, a fa.rmer can do 
it himself. The hardest part of 
tbe business ia getting con­
sistently good quality pictures 
which really show where and 
what the problema in a field 
are. 

"We made about everv error 
tllAc: could be made before we 
began getting quality photo­
graphs. Handling and process­
in~ of the film combi.Mtd with 
ma.k.ing the proper e.tpo!iure is a 
skill to be developed. lt took us 
a lot of time and mon~y .'' 

The two enterprising farmer­
agronomi.su foresee infrared in 
uae on moet fa.r.n.s within the 
nut 10 years, and pt!rhaps 
sooner in the West. ··A Western 
farmer either d~ a scientific 
job ot farming Of' he d~n't 
farm at all. We have many soil 
problems to overcome to obtain 
maximum yield.s," Bindner 
says. ··M~nagement through 
the u.se of infrared ca.n have sig­
nillca.nt a.ff~t on croo yield3.'. 

.. A farmer can't.~d on in­
frared to show evt!'t"j ·problem in 
his fields and crops. But it .iure 
'Nlll pick out a lot of t.hing3 he 
never knew were there," Wash­
bum concludt':'>.: 
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Infra-Red Crop Photos You , 

Cen Do Yourself 

IF .ARIZONA farmers are willing 
tu spend less than 5c an acre, Pinal 
County agent Jim Little is willing to 
see that they learn how to use a 

camertl 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 
expensi·vc 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. 

••tnfra-red photography,'' said 
Little • . ·~can be as simple as aiming 
any camera out of a· Cessna J 50. 
That's why I maintain that any 
grower can ~o it and that's why I 
think the 3 or 4¢ he spends per acre 
will be returned many times in the 
improved practices he'll g~~ from 
actually seeing what's in his field ... 

Color and Cost . 

According to Little, a pilot 
hi m s e I f, i n f r a - r c d p h o t o g r a p h y 
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 invalunble when a 
cotton grower is trying to determine 
optimum condition~ for defoliation. 
A simple fly-over with a camera 
carrying infra-red film can show him 
if the cotton has been def1)liated 
properly. lf such a fly-over is made. 
and an examination of a slide points 
out that the cotton is. bright red in 

color, you can determine that the 
film has picked up lots of hent from 
the dry leaves still on the plant; leaves 
that would cause d·ockage 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 appearin~ as a 
brown. then the grower could be 
assured that proper defoliation was 
done." 

Little added that both cotton and 
wheat producers might find infra-red 
"field snooping .. invaluable because 
it let's one 5ee everything from 
gopher _mounds to compctative 
\Veeds, and from harvester ant nests 
to destructive insects. · 

.. Because those who usc infra-red 

photography believe in the theory 
that a cooler plant is a healt hicr 
plant, they are able to look at a 
cotton or wheat field and quickly tell 
if the field is in good condition. Then, 
anything that looks stisJ)icious or of a 
different color will be suspect hy the 
grower after careful examination of. 
the field himself." 

Little gave as an illustration. """&-. whjch will show up ori an 
~. ~lrtbe • ~~Of course. 
there's nothing wrong· with a little 
green in the fields, but when a grower 
is pre-irrigating and he notices from a 
slide that the·re are green.healthy 
.patches of growth all over his field~. 
then he can be sure 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 finding soil 
types and hot 5pots in his fields. 

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

-with an infra-red camera and then 
determine if some acreage is warming . 
to .o·mu.cb. due to little water 

penetration~ or is ·getting cooler due 
to be:tter.application. 

.~The cheory behind this~:· said 

Little! _ .. is . that heavy so.ils _will 
photograph cooler ·an an infra-red 

slide and those lighter ·soils-\vill·· 
photograph watmer and dryer>lrhus, 

'if bare . soil is being irrigated. the 
· slides will show a mottled efrect 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 
pared with sandy or .hot spots, that 
small piece of land might not be 

·. worth saving, or char:1ging irrigation 
practices for."' 

Tax Write Off 
· According to Little, a · g~_9wer 

interested in infra-red photography. 
can get started ·with about as much 
·trouble and money as·-.a trip to a 
Fotomat: · · · · 

:"4-~c procedure . I use, .. said Little, 

..is ·to ~secure a dependable photo 
processor · such as Kod~ et~., and 
then figure out a W?Y for you tO. send 
pr take your photographs in at 
different intervals. For instance,J use 
a processing house in Phoenix and 

whenever r have-fllm-to be processed,: 
I secure it with · a cushion material 
and then put · it in tbe· mail. 

••others· migh't. like to fincL a 
proCC$sor much Closer to home and 
that's fine~ At that processor. you will 
also be; able to purchase a roll of 20 
exposure fu~ fo_r roughly ~8 a_ role. 
And because·. each exposure can· 
anow'yQ~ _co see 40. acres~ you should 
be able to take a look at 800 acres on 
that one roll. And what is eight 
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hundred pennys divided by eight 
· hundred acres? That is f; an acre for 
the cost ... 

Little added that the fllm must be 
kepr very cool to protect · the- heat~ 

. seeking characteristics. If film is 
purchased~ ,and· then· thrown into a 
glove compartment rather than. an 
ice chest or a' refrige'rator,. 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't forget~ ~ ~e sai~ the total 
cost ;of . uiilig~ ·an' infra-red system -
inCluding . the: cost of borrowing or 

renting an· aircraft,. can be written off 
of a grower's income tax as a business 
expense. .. 

Making Your-Decisions 
A few things that should be kept in . 

mind by. the gr.owe:- if he. decides to 
·use infr.a-red is to not· make decisions­
simply by rooking at a slide and don't 
fail to back. up your- .. sky-watchin~ 
w i t h go o d o b s e rv a t i on o n t he 
ground~ . . 

·- In other wo~ds,'· said Little 
... sood infra-red photography· can 
only be regarded as another helpful 
tool for management. I~ mi:tst not be 

. "eonstrued. as. a replacement for g<?_~-~ 
management;. A grower should'spend 
some time with. the slides "soon after 
they come back from the proc~s~r. 
and t~en 'determine what it is · ~e)· 

seeing in· the fields .. Bur. b~for·e 
decisions .. are made,. the.grower·mu5t 
take· a good look-at the ground leveL 

.. Ari.oth~ ·thing. to remember . is 
that it,s better to let someone else. do: 
the · flyin·g due to the fact ~hat one. of 
the· best altitudes is 1500: feet and· 

- ·· " 

that's>t_c,)o low an al~hud'e ~or qUick. 
reco..,ery :if. y~u're' {ryirig.: ~o.J1)( ~d 
photograph. at the sa~e ttme; 

a!f's. also. better't'o: ~pen the 
wwdows- of 'the:: air_cr~ft rat nee than 
·suffer th-e. distortion'"thaT many 
aircraft windo·w~, pro·du7;e.:. Arso·,.,: 
don't, tip the aircraft-tip--the· came~ 

""Of course,. ... Little· concluded, '"'the 

main :·b~nerit. of the- inf~a-redsystem 
is tC7' coa'C_ a gro:wer back. irito his: 
wheat or cotton fTe.lds- ~f'/e long: 
noticed. that in-Arizona, gro~ers will 

. look 'and feel 'of their cotto"n .. ·tllltil' 
they're- . bfue in ·the· face: Buf thoSC" 

same growers \vill plant either wheat 
or alfalfa. and. never look' at it again 
after a 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 
S e p t em o ~ r · for t he i·r c o rt o'n 
defoliation~ This will not make them 
millions of dollars . neceSsarily~ but it. 
will ensurethat.thegrowers pay more 
attention to_their 'g~ain an4 cotton. 
and. thaCs about' .as- good a crop ­
insurance·as. you :cari.get."- K.I:. 

, december 197't 
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Aerial infrared is working 

Aerial infrared (IR) photos of 
your farm may show you that 
management errors you know 
yo':l'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 m 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 
m 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 IR 
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, "fanners al· 
ready know or can determine 
what the problem is and what 
went wrong before we get to 
the field." 

McKinnon charges about 540 
. to take an IR photo of one square 

mile of land and S6 for a print· 
from the IR film. 

(continued) 
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Farmers are beginning to use aerial infrared photography 
as a profitable management helper 

The deeper red color indicates healthy plant growth. A pinkish color indicates stressed plants. 
The greenish tint represents soil showing through a seedling crop or sparse plant growth. 

Granular fertilizer spreading problem 0 
Uquid fertilizer misses @ 

Nitrogen ran out in a wheat field @ 
Drainage problem in a flax field 0 

Phosphate ran out in a barley field 0 



Aerial 
infrared 
/continued 

When IR ohotos are tak~n 
early in the· growing season, 
there's sometimes still time to 
take corrective action or trv an 
alternative crop. Some e~ples 
from last spring: Severe crop 
damage showed up in part of a 
sugarbeet field. The problem 
turned out to be '<virewonns. The 
fanner still had time to control 
the inse:ts and reolant the dam­
aged area. Sim.ila~ corrective ac­
tion was taken on another farm 
where a seedling crop was at­
tacked by flea beetles. And still 
another fanner found his oat 
field was heavilv infested with 
thistles. He plowed it up for · 
summerfailow. 

During his ousy season, Jack McKinnon 
teases rwo planes to gat photos. 

McKinnon and agrologist M. Guota 
examine /R film from a 
recent pl'loto-shoorinq session. 

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

VVhen rn. photos are taken in 
the middle of the growing sea­
son, it's usuallv 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 IR 
photos. Wild oats, wild mustard, 
wild buc.l<wheat, thistles, and 
some other weeds show up 
especially well at the head stage 
in almost any crop. 

last year, an especially fre­
quent problem was uneven fer­
tilizer spreading, whether it was 
custom-applied or applied by the 
fanner. Weed-spray misses were 
frequent, too. One fanner, who 
seeded wheat with sm boxes on 
a three-disk hookup, discovered 
too late that the middle disk 
wasn't penetrating deep enoug..lt. 
The result? Extremely poor 
wheat germination on a third 
of his seeded acreage. 

Bill Craddock, who farms 
14,000 acres in central ~fanitoba, 
has Mc..'<innon photograph all 
his fields and says the invest­
ment is quite worthwhile. "It 
takes a lot of time to scout everv 
field for problems," he say~, 
"and you can miss comers that 
you should have checked. Re­
cent IR photos of a field of 
suru1owers showed we have a 
severe wild-oat problem in a 
comer of the field. I didn't know 
it was that bad. IR photos also 
help me verify which employees 
are doing a good job in the field. 
Some of the men I had last vear 
aren't 1Ni th me this year. I'm ·also 
negotiating ·N1~'1 a commercial 

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 thev 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
rial IR to k~p track of bacterial 
bean blight in the province. In 
conjunction with this, CDA' s 
crop protection di"ision 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 planting m 
Ontario. Aerial lR photos show 
that not all bean growe~s go 
along with the program, al­
though most do. In fact, the 
program has been quite success­
ful. In 1968, aerial survevs 
showed that 6 percent of the 
white bean crop in Ontario had 
been infected with bacteriai 
blight. With the dean-set!d 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 pian to keep using the 
service. Tney realize, of course:?. 
that lR photos have to be 
supptemented with field insp~­
tions. But it hetps. they say, tq 
have the whole farm in front of 
you when you're planning your 
cropping program. 
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Citrus Proiect Makes 
~ . . - . . 

Valley. Infrared 

Page 6 Rio Grande Valley Edition- Southwest Farm Press " 
Feh ;2 3~ 19 7~ 

By Calvin Pigg, Editor 

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

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

Fact is, it's probably "shot" by cameras mounted in 
flying aircraft and circling spacecraft more today than any · 
other place in the country. . 

The Rio Grande Valley, It turns out, 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 
Landsat II space vehicles, the Valley has been analyzed by 
remote sensing methods for everything from its soli and 
water resources, disease problems on its crops, to the 
growth of its expanding cities. . 

The latest "shot," expected to be made this month, is 
another "citrus census." lt .Js being flown under the 
auspices and sponsorship of the . Texas Citrus Mutual of 
McA.Uen. 

The special flights and picture taking In color Infrared 
(I R) are to be made from Edinburg westward, where 75 
percent of the Valley's citrus crop is located, according to 
TCM general manager Mike Wallace. . 

Flights 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 

Earlier 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 
I ight table studyirig color 
transparencies made by aer­
ial photography of Valley eft. 
rus groves . . 



"They've taught Wallace and his staff how to 
analyze the I R photos so proper information can 
~e 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 11 1ong shot," says Wallace who Is concerned about 
such things as shoe leather and costs. 

Teaming up with Dr. William G. Hart of Weslaco, USDA­
ARS research entomologist and remote sensing authority, 
Wallace believes TCM's one of the ftrst 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, 
Iowa, 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 speclflc 

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-resl dents. 

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

Dr. Hart and his associates, saying any object as big as a 
tree reflects well on the special kind of. film used, have 
developed certain methods of reading the photos and 

. pinpointing mal a dies 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 
theIR 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 1 R 
photography taken at approximately 10.000 feet with a 12. 
iryrbJocaL lena.tt, lens has far more immediaTe applicatio;, 
to agrtcultural 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 long to be-useftJ~ in mosf 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 he!p 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." 

Nonetheless, 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. 
11We thought we had 85,000 trees at that time, but the 

pictures revealed the flgure 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 Wall ace. 

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

"But 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 I R film is highly reflective of the 
chlorophyll content of leaves on a tree. 

Dr. Hart says now that methods are refined even better, 
he believes 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 little more time the other 5 

. percent, usually smallest trees in newly planted groves, can 
be documented on the photos. 

11 By careful analysis we think we can find them all now." 
Vegetation Color Differences 

Vegetative and ground color differences show up best. 
with fllghts timed two weeks after an Irrigation. 

11We soon saw the possibility of gathering all kinds of 
Information from the photos," said Wallace, who is 
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 choice of 
either an eight-by-10 inch aerial print or a 35 mm slide 
transparency for a nominal fee, but TCM, entering the 
management assistance arena., will offer cf Ients a seven­
point analysis based upon an expert review of the picture 
itself. 

The evaluation form accompanying the photo, Wallace 
pointed out, will cover such Items as the presence on trees 
of sooty mold or leaf defoliating 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, 
gummosls and psorosls. 

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 1m~ lances 
Fouri'hiy, 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." 
.. . . .. - ".-t: - .... ,. • . - . .......... • .... 

trained photo analyzer. The presence of Iron chlorosis, or 
nitrogen, phosphorous er potassium deficient trees in the 
groves will be pinpointed for the owner. 

Based on chlorophyll content of ground cover- e»r lack of 
ground cover·· ;round weeds or vines will be noted for the. 
owner or caretaker. 

The sixth check for cttrus people involves the very 
. presence or absence of trees. Missing, dead or defoliated 
trees are scheduled to be rated on the evaluation form. 

Wallace and his staff save the best for last·· the seventh 
classification listed as ·~no visible problems." 

Regular Feature Of TCM 
Unique as It Is, he hopes tne grove photo anatysis can 

become a regular part of the TCM program. "We're seeing 
our groves from an angle we've never seen them before," 
said Wallace. 

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

He said ideally the Valley, for citrus Inventory purposes, 
should be flown twice a year -once in February and again 
in September after general rains. 

Certainly not hoping It'll happen, Wallace and Or. 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 
Remote sensing pioneer Or. Hart said that In addition to 

locating various tree problems, he sees the real value in 
photography· analysis of groves •• over the usual ride and 
windshield method - as allowing managers to spray only 
certain parts of a citrus grove. The colored photos will 
delineate even a single tree that needs attention, again If tne 
analysis Is correctly made. . · 

The benefit in.being able to treat only a portion of a grove 
ls rather obvious. It can cvt chemical control costs and not 
Interfere with beneficial Insects In the rest of tne field. 

In addition to agrlcvltvral uses, the aerial I R sensing also 
has many other potential vses such as taxing agencies, city 
planning units and water districts. By several organizations 
utilizing tne same maps for tnelr varying purposes, said Or. 
Hart, the cost to any one user would come down con· 
siderably. 

Wrx k by ARS scientists on soils, water and cttrvs 
resources is continuing. 

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

Overflights of Ell is' groves are being made r!9ularl~ this 
winter In hopes o.f discovering tnings they may have mtssed 
befor-e. . 

To take the proced\Jre to the ultimate, noted Or. Hart, 
Ellis Is being trained to analyze the red-tinted ~h~tographs 
himself as part of his grove management deCISions. . 

Why Infrared color over straight color or black and wnlte 
aerial photography? Explains the ARS researcher: "A 
tremendous amount of added Information can be gotten 
from an I R shot over normal blad< and white. The reason Is 
that much greater color contrasts are detectable with I R." 
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"After a iew years on the light table a dark pink blotch on 
the map snows up ln your mind as tne prettiest green 
grapefruit tree you've ever seen." 

As fer Wallace, the opportunity .for a commqdtty 
organization to be of specific service to Its members is 
obvious - particularly when many paying members llve 
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 wno lives In 
Des Moines." 



D _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 specfal 
film. Another citrus Inventory Is underway, and with some spec/a f •• and practical 
-applications. Dr. Bill Hart, USDA-ARS project leader and remote sensing buff, 
on left, Mike Wallace, general manager of Texas Citrus 1\Autual, and Rene Davis, 
pilot-photographer for USDA-ARS, make plans. 
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A MODERN 
TOOL FOR 

THE MODERN 
IRRIGATOR 

by Da'fe 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 1,500 feet is breath­
tiling 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 fanning 
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
tia) 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 I could pick up irregularities in 
a field that I 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 vi.vi.d when 
photographed wi.th infrared film 
than wi.th standard color film. Some 
of the variations in color are caused 
by natural phenomena--4ike a dif­
ference in soils within a field-and 
are of little immediate concern to the 
farmer. 

Other variations in the color of a. 
field are more ori1Tnousbecause they 
indicate the presence of an economic 
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INFRARED 

PHOTOGRAPHY 

A healthy field, with a prop«ly functioning irrigation rig at work. 

hardship--such as an insect or weed 
infestation, poor soil fertility or a 
malfunc.tioning 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
culties in a growing crop before they 
become too large and too costly to 

. handle. "It's just a red nag," he 
states, "a warning that there is 
something wrong and that it should 
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 w~ could see quite ob­
viously that the irrigation system 

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 ~as 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 d~per 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-
Taken from: Dakota Farmer, April, 1978 



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. lm;eets 
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 no:c:ious weeds can be pin­
pointed with the help of infrared 
slides and their locations noted for 
spot treatment the following sea~on. 
. Smith recJils 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 ftlm 
assigns different color shades to dif­
ferent soil types, it is also in5trumen­
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. Infrared can also help 
identify specific problem ·areas in 
fields-like areas with high alkalin­
ity or poor drainage. 

How large does the irrigator have 
to be before ies economical for him 
to use infrared aerial photography in 
his f~trming 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 Consertation Sertice 
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 SlS to S20 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 55 a roll with devel­
oping prices ranging from SS to S8 
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 filV' 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. 
· Le~rning 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 J p.m. "I've taken them as late 
as 5 p.m.,'' he adds, "but ~it's so 
much darker then and the film picks 
up a lot of these very deep color.; 
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 !lying at about 1,500 feet allows 
him to shoot an entire quarter sec­
tion of land per frame of film . "But 
that's something you can experjment 

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 tleld 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 ~rea 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 hasJittle 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 field to heio 
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 ~f that. he's. willing to spend 
~or:e tlme and effort on managing 
h1s mvestmen t to make sure he gets 
the maximum . return · on it," he 
states. 

But S:mith notes, too, that this new 
m?· -~gement tool can benefit any 
fiint~er. whether he irrigates or noc. 
' 'If you're ·a dryiand farmer and can 
stand t1ying," 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 e~sed on film .·· 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. ~ 

Dor~ened li nes running to the lett oi eenter in this field of irrigated 
potatoes ore rows wnere there ore no ploms growing. The uniform­
ity of the lines . which follow tl-1. pattern of o machine. indicate a 
moltundion of the p lanter. 
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Gray area shaped lik• o pie-slice on this cirde of irrigated potatoes 
was found to be infested with wild oots. The infrared slide was used 
the following year ta locate this wee<! infestation so that it could be 
treated with o chemical. 

The streQking effec-t in this sunflower field was caused by a planter 
malfunc-tion---an• of the outside units on a 12·1"0W planter wasn 't 
working properly. Indicates the need for some type of monitoring 
device on the planter. 

Darker lines rcdiating out from the center o1 rnis irrigot-9<1 drd4 in­
dicate thot $0me areas pasS4<1 over by rhe sprinkler ore wetter rhon 
others. Upon doser investigation, i t wos determined rhot the irr iga­
tion unit w~ nor moving oy o uniform sp..d. 



The dork« red areo on this irrigot.d circle was in~estigated from 
the ground and was determined to be an excess application of ni· 
trogen. The irrigation rig. in applying the nitrogen, hod not distrib­
uted it uniformly across tne entire circle. 

The dark ring just inside the perimeter of this circle of irrigated· po­
tatoes indicates o sprinkler malfunction. Upon c:los.r in..,estigotion 
from the ground it was discov~ed that one no:ale was put1ing on 
less wot« than the rest, cr.crting the rins-d effect on the infrared 
slide. 
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A new twist sends old technique soaring 

Remote sensing 
S everal co-ops and a few farmers 

are going to the air to monitor 
tbeir crops and rangeland using the 
technique known as remote sensing. 

Acrually, it's an old technique with a 
new twist. A fanner may not think or 
it this way, but anytime he checks his 
crops or pastures by slowly driving 
past them on a summer afternoon, 
he's doing. remote sensing. To the 
experienced·· eye, there· s lots to 
see-insect damage or fertility prob­
lems may be showing, a weed patch 
may be getting out of hand. or the 
pasrure ove.rgr:ued. 

The same thing is being done from 
the air, with cameras loaded with or· 
dina.ry black and white and color 
films. or the special infrared and 
thermal films. Bilek and white 
photos have been ~d for years for 
mapping. The Soil Conservation 
S~:!rvice likes to use photos taken in 
t.'le spring when the ground is bare 
and soil types show up well. Tne 
ASCS generally uses photos c~er. 
during the height of the growing sea­
son when fields scand out best. 

On color infrared fl.lrn healthy ere~ 
show up a bright red while le~s 
healthy crops are lighter. Tne advar;­
tage of coior infrared is that crop; 
under stress can be seen on the color 
infrared film much sooner than by tl:e 
eye or regular color tilm. 

A few farmers near Gettysburg, 
South Dakota. got a look at their irri· 
gated cro9s lase-summer on infrared 
r1lm when the Pocrer Councy Gr3in 
Co-op in Gettysburg expc:rimenc~d 
with the t~hnique. 

Tne plane covered the tie ids oni y 
on~. but ~{ike Stewart. fertilize~ 

manager at the co·vp, said che farm­
ers all found the picmres infonnative. 
'·I can· t say we came up with lny 
tremendous problems, but we did 
change some management prac­
tices.·· Stewart said. 

··But you got to have the guy wic.h. 

you who knows the field~ .. Stewart 
ad~d ... He c:m take one look and 
say-<hat' s where he forgoc co turn 
on the anhydrous applicator, or 
where they mixed coo much water in 
with the chemical. 

This summer they'll rry it again at 
Gettysburg, flying the fields 
twice-once in the spring shortiy 
a.:Certhe cam germinates md again in 
Al:lgust when he:u and moisture s~ss 
should be ac ics worst. 

One of. the problems in using color 
infrared photography as an early de­
tection technique is that although it's 
fairly easy to get good pictures, it 
may take one to two weeks to get the 
film developed~oo late to do much 
help if the situation is critical. 

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

Lase summer the co-op took aerial 
infrared phocos of 13 grower' .s cencer 
pivots every Monday morning. 
.~strong developed the slides that, 
afternoon and by the ne:tt morning 
the printS were in the hands of the 
Full Circle field men. 

"'There were 2.300 acres that we 
covererl in any hour that would have 
taken two weeks to cover with a 
fieidman walking them,·· Amlscrong 
said. He figured it cost about l: cents 
per acre- per' picture. although the 
co-op did not charge the f:1rmers in· 
valved since it was part or 3.11 -!;(peri· 
ment. He :J.dded, though, that it 
wowd be higher if the film was ?re­
cessed commerci.:llly. 

Like everybody who works with in­
fr...red film, Armstrong emphasized 
that :rou can't 'ell e:<actiy what's 
wrong by looking at the slides-but 
you can see that there's some son: of 
problem out there that has put the 
crops under s~-ess. With the photo in 
!land, you 5houid be able to walk 

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

directly to that spot and investigate 
the problems. 

Armstrong said most growers were 
interested in their water manage­
ment, particularly becau~ of last 
year's water shortage . They also 
found other uses. ?oraco growers 
were able to spot euly potato blight. 
·•If we can treat the blight when it 
starts," A.rmstrong explained, ··we 

·can get cwo more weeks growing 
time on the pota!oes. Tne difference 
between when the infrared picks up 
tile stress and the naked eye is that 
two weeks." 

Other uses of aerial phocogro9hy for 
agriculture are being developed. 
There are places in .:.'vtontana, for in­
stance. where the terrain is so rough 
that large areas are tot:llly isolated. 
Ranchers in Cascade County were 
having problems with leafy 
spurge-a waist high weed with a 
pretty yellow f1ower that has a nasty 
habit of taking over gnssland. 

The ranchers were spraying the 
weed. but had little success since 
weed seeds were coming downriver 
from the isolated upper Smith River. 

Cascade Councy officials hired :1 con­
suiting service co get aerial. ·.:olor in­
frared photos of the isolated area and 
make a map of the weed patches. Jeff 
Ryan. remote sensing specialise with 
the Ecological Consulting s~rvice. of 
Helena, Montana. said the leafy 
spurge showed up bright pink on the 
infnred film. They checked their 
phocogr:J.phy by_ tlying into the are:l 
with a helicopter. 

It's believed about 80 percent of ~he 
leafy spurge sites were iocared, Ryan 
said. Maps were turned over to the 
county and this summer, county 
workers will spray ~1e noxious wet:d. 
"'Ti1e weed concrol people now have 
li1 ide:l where the probiem is and the 
size of it.·· Ryan said. 



In the Red River Vall~y along Min­
nesota and North Dakota's border, 
remote $ensing is saving the sugar 
beet co-ops about St. 75 million by 
reducing spoilage losses according co 
Don Moore, dir~tar of the South 
Dakota State University's Remote 
Sensing Institute. 

"We can use thermal scanning tech­
niques t1ying over sugar beet piles :u 

night to c!eiect- where sootla(Je is oc­
curing," · Moore exoiained~ '"Then 
workers go out and s'ec:ion out chose 
parts of the piles." 

Thermal scanning is also bemg used 
in .:.xperiments to detect the fonna­
tion of saline seeps. ··we·re looking 
at the them1al spe~trum because soils 
that are high in moisrure content have 
greater evaporation and are cooler." 
Moore ~xplained. Next year, the 
joint project among Noeth and South 
Dakota and Wyoming will c.ake a 
look. ac the microwave spectrum. 

In Mo~cana. Ecologic:ti Consulting 
Service has done <!xperimencs [n 
using color infrared ~o detect saline 
seeps for the ~1ont.lna Departrnenrof 
State L.mds. 

• 
4 Eighty percent of the time we could 

see the entire seep m~hanism at the 
high altitude of -1-0,000 feet," said 
Bob CarrolL of the consulting ser­
vice. Yet, he added that although the 
technique appeared to be successful. 
he doubted it would ever be used on a 
statewide basis because of the cost. 
··It would cost probably 55 million to 
t1y the entire state of Montana and 
interpre~ the photos. · · 

While remote' sensmg-wot"Xs-we!I· in 
some situations, .\'1erle Meyer, direc­
tor of Minnesota's Ag Remote s~ns­
ing Institute, cautioned that it won't 
always work. "A lo{ of times people 
think if they've got color infrared 
photos they can see everything, but a 
lot of times you can· t. .. 

Researchers ac Minnesota have been 
unsuccessful in finding a system to 
spot Dutch elm disease chat lS <!CO­
nomicaily feasible. They· ve also 
cried detecting leaf spot disease in 
sugar beets with little success. By the 
time it showed up on color infrared 
tUm," 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 sta.rting. Except in the area of 
soil surveys, Meyer said, "not that 
much has been done in applied ag­
riculture. There's plenty of green 
fields for developing practi..;:ll !.lses, 
and I would underline practical. A lot 
of these applications have to be 
worked · out rather c:uefully, and 
you've got to be tough on the dollar 
end. It's a 9retty jazzy way co go, but 
ii it doesn't pay-forget it ... 
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Check 
trouble 
spots 
with 
·infrared 

by Gerald H. Smith 

Consuttant, Farm Mana;ement and Agricultural ~esearcl'l. 
West Far;c. N. Oak. 

Curing the g:rowing season a crop is 
subject to many elements that can 
cause abnormal growth of a plant in a 
field. Infrared photographs o{ fields can 
be used as an effective tool to identifv 
that abnormal growth in small or la:ie 
areas in the field. 

The photo~phs can be uken by 
anyone using a 35-mm. camera with 
Ektachrome infrared film and a deep 
yellow ::15 filter. The a.lrplane should 
fly at an altitUde sufficient for the pho­
tographer to cover the entin field in 
question. If the photographer's stomach 
an 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 a.rea.s of 
the field in proper petSpeetive. 

Interpretation of what is seen on the 
slide becomes easier with ext>erience; 
howeve:-, the main object of ~g the 
picture is to identi.fy a problem which 
shows up ·differently on a slide than the 
normal dark red eolor seen in figun 1. 
Viewing a slide, it is difficult to identify 
a specillc disease or insect problem by 
looking at the slide alone, but the 
unhealthy plants will show a different 
color th.a.n the healthy pl.ant:s, which is 
the information a grow« is seeking. He 
can then pinpoint the location of the 
problem and inspect it in the field and 
identify the cause of the poor g:rowth. 

In fi;ure 1 the red color is uniiorm 
throughout the field wi~ only minor 
iigilt spotS toward the lower portion. 
The li.g.b.t spots are a result of coarser 
tenured soil or sandy ri~ that are 
unable to hold the molstu.~ and nu· 
trients to sustain the vigorous plant 
growth seen :hroughout the remainder 
of the field. 

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 
d.icin 't receive a.s mucb. water and ni· 
trogen as the remainder of the field. 
This condition could be caused from 
over-J)lanting the field boundaries, 
improper distribution of the end gun or 
the influence of a p~vailing wind. The 
l.arge dark spots to the left of the center 
pivot an shadows from clouds. It's 
preferable to take pictures from about 
10 a.m. to 3 ·p.m. for good color- develop­
ment; however, that is abo the same 
time when clouds form quite frequently 
during the growing season. 

Cropping history has a definite effect 
on crops growing under irrigation on 
sandy soils and is more important with 
shallow rooted crops. The strips seen in 
figure 3 wen com and alfalfa the prior 
vear. The residue from it had a aeater 
~ter and nutrient holding ~pacity 
than soil around it. 

The ~ht lines on the right~ 
in figure 4 are old roads and un· 
de..~und gas lines. The population is 
much poorer on the right system a.s 
compared to the left. Obtaining a good 
population is a paramount key to op· 
tlm'Jm crop production under d!yland 
or irrigation, but more so under irrip· 
tion because of increased croduction 
costs. A IZr'OWer should evalUate ~e~ 
portion of his pl.anting operation. pa;. 
ticula.rly conditions su.-·Tounciing g!!r· 
m.ination and emergence to maximize 
the po~ulation in the field. 

Irrigation is the application of water 
on a field m a uniiorm manner. A grower 
purchasing a new system or acquiring 

land with an irrip.tion system on it 
should c:heclt the &mount and uniior· 
m:ity of water applied to the soil. New 
systems can have components installed 
incorrectly and old systems develop 
problems of wear and brea.kaJe that can 
seriously · affect water cUstribution. 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 fielcis where 
the system was improperly nouled. The 
result is more water being applied in one 
area of a field than another. On the 
lowe: system. a .saw· toothed~ can be 
seen on the lower· left side. wh,ich 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 a.s seen in the 
lower left portion of the circle. The 
radiating lines an a result of in'egu!a.r 
:novemen t of the system. 

lnin.reci photos are a good tool for an 
irripcor to get an aerial view of the 
development o{ his crop. Ii a program is 
developed and followed, it forees the 
irriptor to spend a g:iven amount of 
.!:ime on inspecting his aop mo~ 
frequei).tly than he may do if a definite 
program isn't developed. E.ach grow~ 
~ b.:! own fields m a di.;x'erent 
:nan.ner. Some do it at 55 mph from the 
pickup, ar1d some do it on the 
"tomorrow when I get time" schedule. 
Needless to say, many problems can be 
developing m a field that both of thee 
methods wouldn't dlsciose. 

Walking through a field on a re~.lla.r 
basis is a good habit to follow; however, 
aerial photOS can reva.l many more of 
:he overall field problems that ground· 
level views don· t. T 

Taken fro:tt: T . +. 
_rrlga~lon Age, July-August, 1978 



Flgure 2 

Figure 4 
~·~~~~~~~~,-·~.--r.ru.T 
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Flgure 3 

These six infrared photos illustrate a relatively new management tool 
that more farmers could be using. Farm management consultant Gerry 
Smith explains each abnormal area in the story on the lacing page. A 
good aerial detective can see many problems that you can't se. 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 Biosensing 

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

DETECTING 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 been applied as an ag-

ricultural management tool. It l.s 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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Contrast normal color print (at right) with photo taken using color infrared 
photography. Note the greater detail available in the photo below . 
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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, 
vou 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. It 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 over 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 
modem day quackery. The practition­
ers take their efforts seriously and dis­
courage any lack of professionalism. 
In 12 years of photographing, Bigler 
has personally in vested "tens-of­
thousands of dollars" on research and 
equipment which enables him to con­
fidently claim "no one gets the calor 
resolution I get." His $8000 Has­
selblad, 70mm camera was especially 
modified at Zeiss, Germany far in­
frared with his awn design specifica­
tions. He has also designed his awn 
filters and lenses and has been known 
to spend $3000 on just one lens. 

Using a Cessna designed with a 
special mount far 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 
shoats about 70 photos and has them 
processed in Las .Angeles according to 
his awn specifications. 

Another photographer, Jim Baber of 
Omax Biosensing in Omaha, NE, 
points out that infrared is a specialty 
business. He flies in a Cessna 21 0 with 
a camera mounted in the belly and 
takes only vertical photography far 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 Nikan with 
motor drive that automatically prints 
the date an the slide. He admits that 
any good photographer could re­
search the infrared technique and 
shoat his awn 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 200 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 craps. 

"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 craps. 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 awn professional reputa­
tion. 

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

Chemical dealer Marvin Meyer, Fer­
tilizer Service Ca., Inc. , Sidney, NE 
feels that ""Infrared in my opinion is 
one of the best management toots 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 sail 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 far just one year, but 
already Meyer can see the demand far 
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 aut that an the 
whale, 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 nates that the cost is related to 
acreage-the larger the acreage, the 
better. He 's been able to photograph 
10,000 acres far as little as 15-20 cents 
an acre. Far 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 craps, 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 aut the writ­
ten report to the client usually takes 
about a week, in serious conditions 
where time is crucial. reports can be 
completed in twa days. 

In working with dealers, Jim Baber 
requires a minimum of 1000 acres to 
be photographed. "The cast is nat jus­
tified far anything smaller," he ad­
mits. The dealers line up either a goad 
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 an haw many acres are in­
valved." 

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 far 
processing. There is a one-day turn 
around far viewing the film. Return­
ing home with duplicate photos, 
Baber leaves them with agronomist 
Dr. Dale Flawerday, University of 
Nebraska, Lincoln NE, who gives a 
tape report of what he sees. The cas­
settes are mailed to the dealer within 
4-5 days. 

Although many dealers get 20-25% 
for promoting the service and lining 
up the fields, there are other ap­
proaches. Marvin i\feyer 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 California's Imperial Valley, citrus trees near 
water pond show salt 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. I figure my fee is $2.50 
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 limitations 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 almost immediate radiant red color 
change in grapes that have already received ir· 
rigation water. 

Variance in growth in orchard from age of trees 
and orchard management are caught on film. 
The dead black of trees resulted from applica· 
tion of incorrect pesticide. 

All photos courtesy Richard Bigler 

that one particuiar hybrid was worth­
less and two other varieties were 
going to really out yield it. "It ·hap­
pened to be in an area. II 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 I 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 everv 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 poorer plant growth caused 
by changes in the soil profile. 

·,:.f-' 
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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." 

"I 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. II 

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 ·s 
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 

by Joe Isakson 

NEED A crop management tool 
that will let you look 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. 
• :?replanting-to determine .fiel.d 
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. 
• Mid-growing season-to check 
stand gro~th 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. 
• 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 nther 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 1-fidwest and more producers 
now are saying they want pic­
tures of their crops this year. 

With this infrared photo, the poor water distribution . pattern of the center· 
pivot system was detected and the malfunction of the system corrected. 

Drainage problems and soil-type variances are highlighted in this photo of 
a non-irrigated field. Photo was valuable in making tile drainage decisions. 

Infrared monitoring works be­
cause it's like x-rayirig 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 leafs 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 or 
Aerial Biosen~ng Assn., Omaha, 
a group formed _ to promote thi~ 
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 
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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 management 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 aoout $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 sevex:_e 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 d~cided it was -best 
to plow it up for summeffallow ". 

-Photos taken in 'the rniddle ·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 worl~. quality 
of farm..~mployees~ One large. op­
erator let some of his ' farm help 
go after studying photos of _ his 
fields. And, thanks to photo­
gtaphic 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 ~t~North Dakota State 
University, ·advises fa.rnlers.to get_ 
acquainted with t heir- -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-

.- :~- - ··. ~··., 

Planter problems were evident in this photo . Streaks show minor problems. 
while white spots indicate where entire planter was inoperative. 

This late-May photo pinpoints specific areas of bindweed infestation. The 
farmer was able to spot-treat the areas. thus saving herbicidflt costs. 

g_raP.tts~ a pr.Qs!ucer_ would realty 
have to know the history of his 
fields,'~ state-s Pederson. "Know----

. ing that, he- could say, 'That's a 
.draw that runs through there,. or­
tha~s:' a high-alkaline area, and 
that~s the way · it always looks~ ' 

The key i~- to really get acquaint­
ed -with your land.'~ 

What do crop consultants thi11k 
about' infrared? _ 

Ed Lloyd, founder of Agvise,. 
Inc., . a Northwood,_ ND consult­
ing finn, 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 l9oks too good to be true. 
It's a matter of · interpreting it, 
and you have to know how to­
interpret infi~rcJ. 

Lloy4 -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 
'>vho 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. 

"Infrared has. been lying there, 
ready for u~·\ ~ut 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 · fOO pieces 
of land in his area in preparation 
for anticipated · contract work 
with area irrigation farmers. 

He feels that, with the aid of 
an agronoinist, 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 learnecLfrom it." 0 
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Why not 
take 
your own 
aerial 
ph.otos? 
by Hal Werner 
University of Minnesota 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 · 

ycourRowon p•ircr~:\~!!~::.u ~~~; . 
a rrummum m­

. vestment is re-

~~~~~~00 quir~~ for t?e 
remammg equ1p-rn ment. However, 

· 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 commonly is 
used to take aerial photos. A sin­
!:de-lens reflex (SLR) type with an 
internal light meter is best. De­
sirable shutter speed settings are 
from 1 I 125 to 1 I 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 con trolled to photo­
graph reflected infmred sunlight 
(represented by red colors on the 
mm). 

Careful storage of infrared film 
is necessary to -maintain quality. 
Don·t use ~utdated film . Storing 
in a · refrigerator until use is 3. 

good practice. 

Film processing 
Film processing should be done 

as soon after exposure as possi­
ble. If the photos are used for 
dvnamic analyses, such as for 
w'eekly interpretation of crop 
problems. a processing lab that 
offers fast service (one day) is 

. needed to insure timely info~a­
tion. Some commercial labs may 
not process infrared, so arrange 
to take corrective action in time 
lor processing before taking th~ 
photos. Home processing also i.) 
possible. 

If infrared film and processing 
are not available, standard .::olor 
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 I 0 am and 2 pm on 
cloud-free davs. Cloud shadows 
make photos ~seless 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 rea 'appear­
ance than row crops such as .::orn 
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: 
• 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. 
• 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. 
• Fertility. Differences in fertiliz­
er treatments or application prob­
lems can be identified. 
• 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 photo. 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 
Ap~lications Scientist. EROS Data 
Center 

Considerable interest has developed 
recently in the use of aerial photographs 
for agricultUial management. 

Even the simplest hand-held aerial 
photographs, especially those taken 
with color-infrared tllm, often provide 
information not ordinarily available 
through routine ground observation. 
When fields are viewed from above, 
patterns and variations become more 
apparent, often allowing problems to be 
spotted which may othe.rwlse go unde­
tected. 

Once a potential problem has been 
discovered through airphoto interpre· 
tation, the site can be visited on the 
ground where an exact diagnosis of ·the 
problem can be made and appropriate 
management action decided. (Some 
examples of the use of · aerial pho· 
tographs in agricultural management 
are summarized in the accompanying 
table.) 

Practical experience has shown that 
color-infrared film is usually best for 
agricultural aerial photography. Al­
though color-infrared film has been 
available since \Vorld War II when it 
was known as "camout1age detection 
film," many people are unfamiliar with 
its somewhat unique characteristics. 

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

Technically speaking, the t.erm. "infra­
red" can be used co describe a large 
portion of the energy spectrum includ­
ing both heat and nonheac portions; but 
photographs caken with coior-infrared 
film essentially have nothing to do with 
heat or cemperacure measurement. Ac· 
tually, color-infrared film is •:ery similar 
to normal color film except that its 
sensitivity to light ha:s been extended 
slightly beyond the visible portion of 
the spectrum and inco the infrared 
~on. 

Both normal color film and color­
infrared film consist of chree separate 
layers of photographic emulsion on a 
clear film base. In normal color film. one 
emulsion layer has been made sensitive 
co blue light. one co green ligh::. and one 
co red light. The imag~ recorded on :he 
three emulsion layers of normal color 
rum combine in che final image to form 
colors which closely macch chose of the 
original subject. 

Color-infrared dlm. somerimes re-

Figure 1 FILM COMPARISON 
NORMAL COLOR FlLM COLOR INFRARED FILM 

Film Sensitivity Color On Photo Film Sensitivity Color On Photo 
In Emulsion After In Emulsion After 

Layers Processing Layers Processing 

BLUE BLUE ~ BLUE LIGHT BLUE 
I ·. Blocked by Filter 

GREEN ~ GREEN GREEN GREEN 
REO ~ REO REO RED 

.j INFRARED 

Figura 1-Film sensitiYitfes and tlnal im39e color of normal c~or and color-infrared tllm. 
Notice that color-infrared film is always used with a filter (yellow) over the lens to preYent 
unwanted blue light from reaching the tilm. 

Figure 2-Low-altitude JS-mm color-infrared aerial photograph taken in mid.July 1969 ot a 
tfefd ol recently emerged corn in southern Wisconsin. Heavy rains had fallen a lew days 
betore this photograph was taken, and standing water can be seen at C. The better drained 
portions ot the field (A) appear in fight tones. The somewhat poorly drained portions ot the 
field (B) appear as dark tones. Test auger borings in the light toned areas (A) Indicated four 
teet of silt over sand at1d gravel as compared to an average ot eight feet of silt over sand and 
gravel in the dark toned areas (S). As can be seen. a timely aerial photograph can be used 
to help determine the soil moisture capacity patterns ot individuaf tlelds. Compare this 
~hotograph to tlgure 3 which was taken of the same field later in the growing season. It 
shows very dramatically the eHect ot soil moisture capacity variations on crop growth and 
dettelopment 

Taken from: Irrigation Age, February, 1979 
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ferred to as ·' fa~olor rum .. also pro .. 
duces combinations of blue, green, and 
red in the final irna~e; but the blue color 
results from exposure by ~n light. the 
green color from exposure by red light. 
and red color by e:q:Josure of the 
infrared 3ensitive laver bv ret1ecced 
infrared energy. noc. heat: (Figure 1 
illustrates che difference becw~n nor· 
mal color and color infrared film.) 

Healthy living planes appear red on 
color infrared photographs because 
they have relatively high refle<:tance in 
the infrared region coupled >vith low 
retlectance in the g:!'e1!n and red portions 
of the spectrum. Because of che unique 
ret1ectance 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 not at 
all difficult co use. A corre<:c interoreca­
tion can usually be made by reiy{ng on 
one's agricultural experience and 
familiarity wtth the area shown in the 
photographs. With a- little inter:>reca­
tion e:tperience, it is possible to extract a 
great deal of informacion of direct use in 
agricultural mana gem en t. 

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

Perhaps. this article will generate an 

interest in considering this powerful 
cool which has che potential of making 
good managers even better by helping 

supply additional valuable informacion 
to be used in the de<:ision making 
process. l' 

Typical applications 
for infrared film 
Pn-planting: Determine field surface 
conditions and cover (residue, standing 
water. etc.) . Check condition of cerrac· 
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 fieid). Che<:k effec· 
civeness of pre-emergence herbicides. 

)tid-growing season: Check on stand 
growth and deveiopmenc 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 
~auses. Monitor effectiveness of her· 
bicide creacm~nt and drainage. Ylonicor 
forage availability in pastures. :\-[onitor 
water distribution by irrigation systems. 
~·harvest: Check stand condition 
and acreage to be harvested, looking for 
lodging, heavy weed infestations or 
ocher potential problems for harvesting 
operations. Check for uniformity of 
ripening. 
Post-harvest: Determine total area 
harvested. Check field cover in harvest· 
ed areas for weed and volunteer 
regrowth patterns. 
As required: Document special sicua· 
tions :mch as t1oods, tornado, hail, 
drought, or other types of damage. 
Check condition of shelt~rbelts . .., 

Figure 3-Color·infrared aerial photograph taken in mid·Se~tember 1969. ot the same field 
as shown in figure 1. The soil surla~e is no longer visi,Cie, but striking patterns appear in the 
stand ot corn. Although there were heavy rains early in the growing season, very little rain 
had fallen during the month preceding this photograph. Com in the well-<irained portions of 
the tie+d (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 (8} apparently had 
access to enough moisture to remain green· and to continue normal dettelopment. Yield 
sampling determined average yield in the stressed area to be 75 bushels per a.:re. Pcrtions 
o1 the stand with more available moistlJre (the poor1y drained areas) yielded 110 bushels per 
acre. (Figures 2 and 3 courtesy ot Dr. Ralph Kiefer, University of Wisconsin, Madison.) 
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Using slides, color photographs, and graphs, Lynn Disbrow (left) briefs clients on a weekly basis. Here, he is poin1ing out some 
early-season growing problems to Otto Geisert, general manage~ of Balcom and Moe, Inc. 

Handling a HOT POTATO! 
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 

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 fields up to 
125 acres are watered with rotating 
irrigation arms that can extend 
1,300 feet from the central 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 

MARCH 1979 Functional Photo~raphy 

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 all 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 Often pr()Qiems take several years to correct. Poor watering the 
crop. The canter portion of the circle shows better irrigation previous season affected this alfaifa crop the following year, 
than the spotty, outer portions. The vertical, parallel lines in the even though the irrigation system had been repaired. Top half of 
upper right show old irrigation lines dug out when the pivot sys- th8: circle shows the rows of alfalfa prior to baling. 
tem was instaHed. 

June wheat crop. Light brown areas are underwatered wheat. 
Light magenta areas show wheat that was overwatered, pro­
ducing taU, 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 erop - potatoes were planted in the 
field. two weeks later. Fertilizer skips show as Jlght 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 field from an adjoining pond. 

These pictures reveal a number of corn crop problems: ~. Over- -
watering from three sprinkler heads. 2 and 3. Drier areas caused 
by failure of small 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 over­
watering. 5. Bands extending across field show experiment with 
different types of fertilizer. The darker, middle band did not pro­
duce the best results. Although early vegetation was better, the 
ears formed were smaller. 

FUNCTlONAL PHOTOGRAPHY 
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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 actuat 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 II 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 properly." 

Yet such diagnosis is often diffi­
cult or impossible on the ground. 
When viewed through binoculars, 
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 themselves may 
look healthy, but still produce a 
lower yield come harvest time. 

"A single sprinkler located 1,000 
feet from the pivot will be irrigating 
an area 20 feet wide and 6,000 feet 
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DATA BASE: · ·. · ·. 
· · . · ··· A Key Factor 
''Collecting infrared- aerial- data of crop condition is refativefy easy," 

says Lynnford E. Disbrow, president of Infrared for Agricuttu~e,; Inc.,. 
Pascoy Wash. "Interpreting the information takes a compr~h~ns!ve dat~ 
base that must be built up, as wen as some means for ehmmatmg van-
abies and human error.'· · 

A data base built up over three· seasons o.f overflights, ground truth 
checks, and consultation: with plant disease experts forms the · c.ore of 
Disbrow's infrared aerial color photo interpretation procedure~ A color 
analyzer- "zeroed" to eliminate film, proce~sin_g,. and s.unlight vanab!es 
- provides a sophisticated means of extractmg ~nformatton from the f1lm 
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 50mm 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 rolt number in one 
corner of the picture area. 

••This helps match frames later," he explains ... As we fly over fields, r 
record frame numbers of each exposure on a map I keep next to me." 

Most overflights are at 6,000 feet~ with Disbrow shooting vertical per­
spective pictures through a removable panel in the floor of the pla~e. 

Kodak Ektachrome infrared film, stored in a freezer before use, ts 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 II 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 ~ariablesy. ~o that a 
change. on the film can be correlated to a change m field cond1t1on. 

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 I 
color analyzer which can then be "zeroed" to the c~nt:ol t~rget's ~nown 
values. This- step eliminates changes caused by vanattons m 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

gemta, yeUow and cyan layers of the film are examined separately, a~d 
the: figures the color analyzer produces entered o.n a g~aph. The grap~ s 
lines show the amount of light reflected by a g1ven held by each film 
layer over the full 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 similar 
times of the year. 

"A small. but steady decrease in the blue spectrum could signal a 
slight increase in the yell9w reflected by the' field,·· Disbrow says. "This 
change might not be discernible to the eye at ground level, and may n?t 
even be apparent in the infrared color picture .• However, the, analyzer wen 
read, these smaH changes.·· 

He continues~ ''By comparing the curves of a field's graph with km?wn 
field conditions in his data base,_ Ws often possible to spot overwatenng, 
underwatering. improper fertilizationr or the beginnings of a plant dis-­
ease. 

"Too much nitrogen fertilizer causes leaves to turn a da:k green:· he 
says, ''which shows up on film as an increase in blue - wtth no change 

I in the red. Moisture stress, or disease can also cau.se a darker reat, but 
the increase in blue is accompanied by a decrease tn red as well. I • ''the analyzer makes it possible to detect very small . changes accu-

' ratetv, • • he · notes. . 
I Di'sbrow has .. a' patent pending on- his procedure, which he feefs could \ 
:be widely· used by · farmers' all over the country. 
: I I 
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Process E-4 chemica's 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 spatted the Blue shift on 
··· the IR aerial photograph was the 

pump probtem diagno~ed. 

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 · craps 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. "I worked with farm· 
ers, county extension agents, and 
agricultural disease experts ~o d~ 
termine how what I was seemg rn 
my aerial photographs correlated 
with what was happening on the 

Disbrow checks a removabte ptate before taking his airplane ~P· 
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ground. It takes a lot of wadin~ 
around in mud at ground level, satl 
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. ~ut 
each condition produces a dts· 
tinctive change in the other colors 
recorded by the infrared film -
which Disbrow can spot in time for 
the proper corrective action to be 
taken. 

"That's the key point I always 
impress on the farmers I 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.'' r;. 
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Newly adopted technology is adding 
speed _and efficiency 

to· in-field checks 

Taken from: 

By Ned van Buren 
Editor 

Solutions, May-June, 1979· 

T he . 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. 1, 1 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 c:rtain 
diseases in cereal crops.1 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 been the mis­
conception that color infrared film 
records the temperature of objects in 
the scene. \Vhat actually occurs is the 
film reads beyond the normal visible 
portion of the light spectrum into the 
infrared region, owing to its ernul· 
sian's high sen.sitivity. 4 Healthy liv­
ing plants thus appear red on coior 
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Figure 1. Visible/invisible light spectrum as it r~lates to infrared. 

Infra red ... Cominueri 

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

Figure 1 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 

~ 

Visible R.effection 

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 rela· 
tionship between ground conditions 
and their corresponding appearance 
on the color infrared photograph. 4 

Why It Pays 

The spiraling inflation of the last 
decade makes it more imperative 
than ever that farm operations be­
come increasingly efficient. \Vith· 
sagging commodity markets and cost 
pinches, agriculturists must find 
tools with which to fight back and 

40% 2% Change 

~ 

Infrared R.e1fection 

Re11edive R.ange Comparison 

Flgure 2. Reffedive range comparison o-f visible vs. infrared. 

the practice of infrared photography 
is proving one of them. It ~ovetails 
perf~tiy with diagnostic or in·field 
ch~k 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 
partiai/y 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 surveillance has re· 
duced its scouting costs by 63 . 
percent.& A Nebraska dealer notes he 
has been able to phot_ograph his cus· 

. tamers' fields for as low as 20 cents 
an acre. Still another comparison 
study by the USDA in Weslaco, 
Texas, shows that it reduced scouting 
costs 43 percent when it switched to 
infrared photography to survey 
citrus groves. 7 

Impressive 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. It has broad 
capabilities for detecting crop and 
tield problems: It can pinpoint plant 
areas in fields which are beginning to 
show signs of stress before stress 
signs can be seen with the :taked eye.J 
It 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.~ It 
can increase farming efficiency in 
terms of fuel/energy, seed, fertilizer, 
pesticide and water requirements. '0 

And finally, it can spot poor water 
and fertilizer patterns :J.nd equipment 
failure. 1 

Thus, speed, reduced costs, dex­
terity and diversity have combined to 
make infrared the potent tooi it is 
and are resoonsible for its raoidlv 
accelerating' acceptance in th~ ag 
community today. 
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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 35 m m 
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 35m m 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 
S R T l 0 l to the higher-priced 
professional-caliber- Hasselbiad 
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 tind a way to economically 
make the overtligh ts, properly 
mount his equipment and still make 

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

On a larger scale, such organiza· 
tions as NASA are using 11-channei 
spectral analyzers aboard- aircraft 
they f1y at l ,.500 feet. 11 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. Tne 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 .12 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 field-of-view" (IFOV). 
Over 7Vz million IFOVs make up 
each Landsat scene of about 13,000 

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 progr:1m 
even predict the day a dealer or 
grower will be aole to tap into a com­
puter terminal and pinpoint where he 
is having plant stress or other 
problems in his fields-all courtesy 
of satellite sensors. 1

J 

There can be 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. 

Surveillance 

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 bet'.veen 9 and 10 in 
the morning and 3 and 5 in the after· 
noon to single stretches of between 
l 0 in the morning to 4 in the after­
noon, One group of researchers opes 
to rly two hours either side of max­
imum sun angle (noon) because it 
feels it minimizes the effects of 
shadows that tend to interfere with 
ret1ectance characteristics of sur­
rounding vegetation. :• 
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Uses O'f Aerial Photographs for Agricultural Management 

Observation Pi!riods 

Pre-Planting 

Emergence 

Mid·Growing Season 

Pre-Harvest 

Post-Harvest 

As Required 

Sour<:e: W.H. Anderson 1978 

Typical Applications 

De-termine field surface conditions and cover 
(residue, standing water, etc.). Checl<. condi· 
tion of terracing, sod waterways, and other 
land surface features. 

Checl<. germination ~uccess and stand 
establishment, looking for indications of 
environmental problems (insects, disease or 
we-ather), equi~ment failure (malfunction· 
ing seeder) or perhaps human error (missed 
portions of the field). Checl<. etfecti veness of 
pre-emergent herbicides. 

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 other 
causes. Monitor effectiveness of herbicide 
treatment ar:td drainage. Monitor forage 
availability in pastures. Monitor water dis· 
tribution by irrigation systems. 

Check stand condition and acreage to be 
harvested, looking for lodging, heavy weed 
infestations or other potential problems tor 
narvesting operations. Check for uniformity 
of ripeMing. 

Determine total area harvested. Check field 
cover in harvested areas for weed and 
volunteer re9rowth patterns. 

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

F1ight altitude has shown equal 
variance. Depending upon the objec­
tives of each missi-on, overflights 
have been made as low as 500 feet to 
highs of 10,000 feet. It also has be1:n 
noted that altitude-particularly at 
lower distances-will have a very 
definite effect upon shutter spe1:d 
of the camera.: 

were present on these high-altitude 
obliques but were not a.s apparent as 
on low-altitude obliques. 

While seasonal effects governing 
photographic timing show variance 
by crop and geographic regl"on 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 fields. Table l 
offers a representative schedule. 

Attitude of the camera is another 
consideration and it is generally 
agreed that vertical angles (900 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 

Pretautions 

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

Comments 

Aerial photographs taken during this 
observation period are good for obtain• 
ing soil pattern information because the 
field surface is not obscured by vegeta­
tion. Soil type and moisture content 
have a strong influence on apparent 
pattern. 

These photos are particularly valuable 
tor making replanting decisions in 
fields of Fall·sown 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 tne growing 
season such as persistent wet spots or 
soil blowouts can be scheduled for <:or· 
rection. Spot applications of agri· 
cultural chemi<:als can be made. Un· 
even aerial applications usually ap­
parent. Apparent crop damage cannot 
always be unambiguously related to ex· 
act cause. Many stress conditions ap­
pear similar from aerial perspective 
and require field check tor precise 
diagnosis. 

If severe limitations to harvesting are 
found, then photos become especially 
valuable in planning salvage harvest 
operation. Suspected variations in yield 
within the field <:an be identified for 
ground checking. 

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

Photo documentation extremely 
valuable in litigation and insurance 
cases. She I terbelt improvements can 
be planned as required. 

optimum results when taking infra­
red photographs.', 
• Transport tilm to field in ice chest 
• Allow film to thaw two hours 

before use 
• Do not use automatic setting on 

camera 
• Over-expose one shot and under­

expose one shot for best results 
• Know your pilot 

• Use soil test and tissue analysis to 
identify problems 

• 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 weil 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.'' t§ 
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Infrared Proving 
Bassett~ Nebraska~ is a diminutive 

community 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 center pivots that 
dot the landscape be-

Dealer 
Assist 

low. It is an awesome ·r.=-. _;::?~· .. !: _.· · · 
sight and so are the •. ,.,, . ··r~~~~~~~~~~ 
investments. Protect- •--: ~ .. -;:::;-r.:.o=..._ •. 

ing these investments 
is one of the primary 
functions of fluid fer­
tilizer dealers serving 
farmers in this area. 

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

Immediate Su.ccess 

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." 

Intrigued by the 

· prove a valuable 

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 1954 
and headquartered 
near the center of Bas­
sett, the company is 
employing the practice 
of infrared photog­
raphy to assist in di­
agnostic work on field 
cr·ops. "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 l974. ··we op­
erate out of satellite 
plants in Bartlett and 
Albion also, so we're 

,....-------~=-"'-.----""""l"'"'---c:---~-----...., diagnostic tool, Coash 

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 seils 
almost exclusively to irrigation 
customers within a 30-mife 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 
distributorshio in Lincoln. Nebras­
ka. Coash als'o owns .and operates a 

Q 

c 

0 
c 

. l.EGENO: A. old field (needs soil sam· 
. pie); S. sandy ridge (planter stress­

planting too deep); C. Planter 
problems (planter skipping}; 0. Water 
hole (low spot with settled water}; e. 
Weeds (along pivot park position). 

Nebraska dealer 
using practice to cut 
field scouting time 

during 
summer months 

wasted little time in 
beginning his search. 
··r 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 
35 mm was. I also 
asked them about 
infrared film-what is 
was and how it was 
used.'• 

About this time, 
Coash was attending 

an alumni meeting at the Univer­
sity of Nebraska and happened upon 
infrared again. HI discovered that the 
university had been doing some work 
when they showed ~ 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. Tne one change I 
knew I had to make was I'd have to 
work from the air-they were work­
ing from elevated ground platforms. 
When you're working with l30-acre 
center pivots you're going to have to 
tly over them." 

Solutions~ May-June,- 12'79 



Reven• S~Uing 

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 complements their efforts 
beautifully-serves as their intel­
ligence reconnaissance, you might 
say. 

"We can fit the ·infrared into our 

i -· .. .. _ 
.. ··_: .... _ 

'!'- ·~ . • • 

PROPER I NTcRPR STATlON of in1rare<t aerial photographs is tic:l<li~n ar't as wtaH 
as ktay that S;leUs diHerenc:a betwe.n succ-ess or failure oi the practice and re~am­
mendations given. Studying and discussing prints are Con Coash (left) and Or. 
Oavid Stamp, in charge of agronomy services. 

It is included as a part of the com­
pany's agronomic service to· its 
customers. ••we charge for our 
agronomic. services, of course, .. 
explains Coash. ••we have full-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 initiallv convinced it was 
going to be an expensive service and 
that is one reason we explained there 

would be a charge for the servic:. 
But then we found it wasn't all that · 
expensive. Basically, we're using it 
now as an in-house tool to assist oc.r 
scouts and welve 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 seiling 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 tum· 
around the photo isn't going to do 
you much good. 

""Basically, you 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 a:Iso gives 
him a comparison to see what the 
infrared is doing." 

Tlming 

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. It'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 
chis stage because moisture stress 
can greatly affect yieids later on. In 
July, we're again looking at water 
patterns-it can get awful hot and 
dry in stretches-and by August 
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Coash jerrybuilt a platform for 
two 35 mm cameras and talked a 
friend of his into using his Super Cub 
to make the overflights. ··1 set the 

Mar• Sopnisttc:ation 

Though· pleased with his eariy 
results~ Don C oash soon discovered 
there was ample room for improve­
ment. ••You learn by doing," re­
marks Coa.sh. ••rt was not long be-

.. The cost~xcluding the air­
craft.," which brings a smile across 
the face of Coash, "is not prohibitive 
for getting into this. I'd estimate we 
have somewhere in the vicinity of 
$900 wrapped up in cameras and 
filters, excluding the film we have to 

CUSTOM-MACE OOOR MOUNT ON Ces~na 18'2 owne<i by Coash, Inc. locks 3Smm eamera into vertical, 9fr·tt)-9round posi· 
tion for infrared photography o+ customers fields. Positioning camera is Oon Coash who has spearheaded project for the 
company. 

cameras up so I 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 ~'lew the 
farmer had poor water patterns and 
that his crop was under stress. You 
see, our sandy soils up here 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 heiped." 

fore I discovered 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 problem, plus made it a 
lot easier to control and manipulate 
the camera to get what we want. 

buy. Ifyou don't have your own air­
craft, you can figure-at least 
around here-to pay something like 
SSS 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." 

Wbile 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 produce the 
three sets of photos we promised­
this can happen to anyone. So we 
decided not to charge our cus­
tomers." 



. U.coul ----- COASH, INC. 
-TM C'INT•A4. .N.N.UIU~ 

&Oo<'IM1''1• 

IAUIITT --·· SASSETT. ~EIAASKAU714 .A.n.a'YT ---
4~R!AL INFRARED ?HOTO CHECK 

'lAME & 1f0·--------------
DHE 01" PHOTO ________ ___,..._ __ _ 

DAT~ OF' HIU~PR£iiVE CHECX ________ _ 

PHOTO CHECK FORM is used at Coash, Inc. in maintaining thorough record check 
and history on each of its customers fields. 

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.'~ 

I ntarl'reti ng 

The process 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 fieid showed poor water pat­
terns on the infrared. \Veil, he had 
been going along doing the 
obvious-fixing 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 cioser look at 
them. What we found was that traces 

of sand in the water had been 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. It's a 
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. \Veil, when these persisted 
in later photos we knew something 
dse was wron2. We went back into 
the fieid and f~und colonies of army 
worms. We t1ew on an insecticide 
and that was the end of them. 

"'Generally, I'd say the deep red 
areas are where you have your 

healthy crops. the purplish areas are 
_w.h~re the weeds are. the black soots 
are water holes and the lighter a~eas 
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." 

Bigge~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 sti you 
don't end up over-fertifizing one soil 
and under-fertilizing another.-

usa 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 
iden.tify-~th infrared. It makes these 
photographs a very effective tool in 
our helping the farnier to properly 
manage his farm." 

Biggest Cisaf)f)ointment 

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. ··r'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 th~ 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 expensive." 

Na Panacaa 

When drawn out, you'll find Don 
Coash holds some very definite and 
strong opinions about the place 
infrared has- in agriculture. ··r think 
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it should be used. as a management 
tool, not as a panacea," he'll state 
crisply. ~·u 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 I see it happen. 

··aut 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. ·~is 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. 
·~e real bottom line is this has 

been making us money, however 
indirectly that may be. It makes 
those ground troops a lot more effec­
tive, vastly cuts their time. They can 
spot a problem on the photo and 
walk right to the problem area."~ 

EDITOR'S NOTE: Sources of further in­
formation on high· and low-altitud~.: 
biosensing include: 
EROS 
(Earth Resources Observation SystemsJ 
Sioux Fails. South Dakota 57198, USA. 

Products processca at th~ EROS Data 
Center include aerial photographs (infrared 
and other types) obtain~ for: 
• the United States government 
• NASA research aircraft 
• Skylab, Apollo. and Gemini spac~raft 
•Landsat 
All products are available for purchase. 

AeriaJ BiOHnsinl A.ssoc~ation 
City National Bank Building 
Omaha. Nebraska 68102, USA 

The group provides trainin~ courses for 
photographers and intefl'reters and will 
~rve a.s a forum for exchange of concepts. 
techniques. and know-how. 

Or. A. D. Flowerday 
University of iVebraska 
Department of Agronomy 
Lincoln. Nebraska 68J08. USA 

Or. Flowerday is. a trained agronomist 
and experienced interpreter. 



Infrared photography for 
agricultural production 
llla..Ylagem.en t by CaJvin 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 special problems, such as poor irrigation or uneven fertilization~ 

D URING WORLD WAR II a special 
fllm was developed by. the 

United States Army that was used 
to distinguish camouflage from 
natural vegetation. The same fum 
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 

. .. 'tfr. Kuska is an industrial marketing 
consultant with rhe firm iWarkon Asso­
ciates in Nebraska, USA, and execu­
tive secretary of the Aerial Biosensing 
Association. 

color infrared is sensitive to a por­
tion of the electromagnetic sp~­
trum that is invisible radiated ener­
gy. This ene~gy encompasses a 
large band of wavelengths longer 
than the most extreme 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 r~orded on film 
is about 1350 nm, however, the 
most common applications of in­
frared photography are in the re· 
gion between 700 and 900 nm 
(figure 2). 

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

Wavelength in nanometers 

rather than to blue, green, and red 
wavelengths. A yeilow 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 
processed, a yellow positive image 
records in the green·sensitive layer, 
a positive magenta image appe21's 
in the red·sensicive 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 
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tation to sense the heat radiation 
coming from it. The radiation is 
then translated to a temperature 
reading. Evaporation from plant 
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 teclmique 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 s~. 

Other advances in the field that 
are still in the experimental stage 
include the use of automatic: digiti· 
zing systems for analysis, re.~ote 

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, alfal· 
fa, sugar beets, potatoes, sorg· 
hum, and ornamental tr~. The 
fl.rm provided the service to neariy 
200ft1 of the potato crops in one 

Water a~~Ucatlon and drainage in this 
fi&ld ar& !Xcell&nt. However, the dark 
spots in the lield in th& upper right indi· 
cate that there has llHn an application 
of too much water and as a result, 
yields will suffer. 

If everything goes wen, the circle of 
center pivot irrigated maize will pro· 
duce a yield above 375 ousheislhec­
tare. The l•ft·hand half-circle of maize 
is several days later in germination. so 
the crop covering is not so complete. 
However, it does show some setious 
streaking, which is caused oy improper 
application and compaction from a dry 
fertiliz&r spreader. When measured at 
harvest time, th&loss in th&light areas 
wa.s approximately 5C bushels/hectare. 

Color pnotOC}rapl'ls courtesy ol OM.AX Sioun~in~. 

Omal\-. Nee2raska, USA. 

state with outstanding results. Ini· 
tially, they started photographing 
the crop every 14 days, but at the 
end, the potato growers wanted 
these infrared photographs every 
seven days o·r 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 

Post·harvest 

Throughout the 
season 

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 success and stand establishment 

To check effectiveness of pr~mergence herbicides 

To see indications of environmental problems (insects, disease, or weather) 

To detect equipment failure or human error 

To check on stand growth and development 

To detect evidence of plant loss or damage due to adverse moisture condi· 
tlons 
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 availability in pastures 

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 uniformity and percentage of ripening 

To determine total area harvested 
To check field cover in harvested areas for weed and volunteer regrowth pat· 
terns 

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 .~\t and 2~00 P~. 
since the sun's ultraviolet rays can 
also affect the colors of the photo­
graph. 

processes like the Eastman Kodak 
E-4 or EA·5 process. Directions 
for processing are usually printed 
on the film package or include!i 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 fllm immediately after ex· 

posure to avoid unwanted changes 
in the latent image. Another rea­
son for developing the mm 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. 

Infrared film is developed using 

Interpretation 

Since interpretation is more an 
art than a science, interpreting in· 
frared r~ords requires both exper· 
ience and a technique known a.S 
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This photograph of a potato crop 
shows its center pivot irrigation sys· 
tem. The water application by the 
sprinkler arm is apparent. All of the 
sprinklers are operating efficiently, 
and ttrtl field looks relatively uniform. 
There is some vertical streaking, which 
was causad by lack ol uniformity in fer· 
tilizer apr;Jiicatiol7. The dark area at the 
tower right corner of the photograph, 
behind the date, shows the 81fect ol 
cloud cover. 

The bluish-9ray discoloration in this 
photograph 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 neighboring fields aerial spraying 
was used to 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 incerpre­
tati9n, the scout or technician can 
also estimate fairly accurately the 
causes of stress s~n in the photo­
graphs. Placing a grid over the 
photographs allows quick calcula­
tions of the size of the stressed 
areas. 

All aerial photo~raphy 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 photogra?h 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 subtl~ 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 himself 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· 
imencai in nature. 

Experimental work has been 
conducted using a heat sensing 
hand-heid gun that shows absolute 
temperature reading. This infrared 
thermometer is pointed at the vege-
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Flgure 2. Only about 8% of the total energy 
reflected ffom a green leaf is recorded on natural 
color film. Using color infrared film, nearly 40% of 
the reflected energy is recorded. 
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Flgure 3. Infrared monitoring is like taking an x·ray of a plant. Visible 
light is rfJflected from the leal's surface, while infrared wavelengths 
are reflected from the leaf's interior. This exaggerated cell cross sec· 
tion shows that about half ol the energy goes through the top layer, 
rellects off tl'le wet cell walls in a random pattern, and bounces back 
out the top. The other half rellects olf the cells and departs out the bot· 
tom. About 2% is absorbed by or relfected off the surface. 

great deal of infrared energy (fig· 
~re 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 (diseas.ed, pest infested, 
or otherwise in trouble), it begins 
to curl. This reduces the plant 
canopy (the coverage of the 
ground), and also reduces the 
plant1 s reflectance. As a result, the 
mm r~ords the reflef:tance of the 

ject enco.uraged 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 mrn 
camera, and color infrared film are 
all that is needed to begin employ· 
ing this technique. Any size tieid 
can be accommodated by using 
various camera lenses and aircraft 
altitudes. The camera should be 

ground beneath the plant, reveal· capable of providing speeds of 
ing an anomaly in that area of the 1112.5 or 1/500 of a second or 
field. faster (any good 35 mm camera 

This property of infrared film to will have faster sp~ds than these). 
r~ord energy refl~ted from a sub· A metal lens cap, rather than a 

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

Color infrared film is currently 
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 freez­
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, aver­
tical photograph is recommended. 
Vertical photography, taken 



65 

that can be planted and grown 
there successfully. 

Aerial remote sensing of crops 
r~ords 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· 
terpretets to locate and identify 
problem areas. This means that 
more time can be spent taking cor· · 
reaive action before an entire crop j 

failure occurs. This knowledge can 
then be passed along to the indivi~ 
dual farmers who want to control 
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, reflet:tive 
infrared photography is the most 
economical method of monitoring 
crops. 0 



Infrared Photos 
Prove Boon 

By RICK LARSON 
Of th.e 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, el:plained 
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
f~ed film is processed, 
P1tney 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 dillicult 

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 also is eztremely im­
portant, Pitney said, and a 
special film processor is 
used to ~rantee this. 

Pitney's company was 
one of a few pioneers in use 
of infrared ·technology in 
farm consulting. 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 bough.t 
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 Earl 
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 
season. 

Photographs are taken of 
mo~t cr.ops on a weekly 
basiS. P1tney said the cost 
per acre is about the same 
as a farmer gets for 50 
pounds of potatoes, and he 
said most find the service 
valuable because oi 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 ii 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 
irusuificient watering seven. 
to ten days before it would 
be evident by ground in· 

spection, Pitney said. 
"Aerial photography has 

.a tremeadous amount of 
uses," Pitney said. "It 
gives you something that's 
there ... a picture is worth 
1,000 words." 

· Pitney said the infrared 
photos also help growers 
detect fertilizer or 
chemical application pro­
blems - sometimes for 
litigation - and to pinpoint 
areas . where disease or in­
sects have hit. Some 
growers use the ohotos to 
show a spray pilot' where to 
spray. 

The infrared photos also 
give the f~rmer a weekly 
record of,hls crop. Tllis can 
Qe used for field to field 
comparisons - or to com­
pare areas where different 

chemicals or seed were us- · 
ed within one field. 
. A big advantage of using 
tnf_rar~d photography 
~h1cll Pttney pointed out is 
lt takes a grower only 
about an hour a week to 
evaluate his crop. A 10,000-
~c:e farm can be covered 
ill o0.75 photos. 

Columbia Basin farmers 
gene~ally haven't been 
skeptical of the infrared 
te.chnology, according to 
Pltney · In fact~ he said 
~any were anxious to give 
1t a try. . . 
Ot~ers were fairly easily · 

convmced 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 makin~ 
m~nagement decision~ 
?1'h~ch he!p them improve 
their prof1t margin. 

From: EAST OREGONIAN, Pendleton, Ore., Saturday, Sept. a, 1979
6 . . 6 
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CAPTAL."4 RoaERT H. CU::cc, U. S. ARMY 
Sun Prairie, \Vl 53590 

PxonssoR J.-\MES P. ScHERZ 

University of \Visconsin 
M adi.Jon, \VI 53706 

A Comparison of 9-lnch, 
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. 

P HOTOGR.APHS 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 
point$ correct) until such camer:J.S were used 
in making maps. Over the years great effort 
has been put into manufacturing mapping 
cameras that can provide as nearly perfect a 
pei'S1)ective 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 th~ 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 simultan~u:s 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· 

A..asnu.CT: Succe33ful aerial photography depends on aerial came1"a3 
that pf"''Vide acceptable photogroph3 within the cost restrictions of 
the job. Fo-r topographic mapping where ultimate accuracy is re· 
qui1"ed, only la1"ge-form.at mapping came1"a3 will suffice. For mapping 
environmental patterns of vegetation, soils, or water pollution, 9-inch 
came1"a3 often exceed accuracy and C03t requi-rement3, and small 
formats may be an ooerall better choice.In choosing the best camera 
fo1" envi-ronmental mapping, relative capabilities and costs mu3t be 
understood. 

This study compares resolution, photo interpretation potential, 
metric accuracy, and cost of 9-inch, 70mm, and 35mm camera3 fo.,. 
obtaining simultaneou3 color and color-infrared photography fo1" en­
vironmental mapping p-urposes. 

curacies approaching l/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. 1 

Such cameras, together with the manner in 
which error effects have been accounted for, 
bring credit to the technical ex-pertise of those 
who develop and manufacture them. How· 
ever, there is a price to pay for such perfec­
tion. Modem 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 tl'e~ or grass type, a soil !:)1Je, 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 
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and color-infrared photos. This requires two 
cameras. ~fast mapping aircraft are set up for 
one camera only and therefore two separate 
flights are ne<:essary. This introduces a time 
lag into the monitoring as well as additional 
cost. St!'andberg in 1963 suggested that 
35mm-fonnat cameras could be used for 
much environmental analysis.2 ~iarlar and 
Rinker in 1967 indicated the economy and 
versatility of doing such work by using iOmm 
cameras.3 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 da~ two cameras ·utiliz­
ing color and color-infrared film adequately 
cover all wavelengths needed for environ· 
mental mappinst. Color film which combines 
blue, g:reen, 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 intensitv in anv 
band.4 • • 

\Vith color-infrared film, one is in effect 
creating a composite photo with green, reeL 
and infrared images. These also can be sepa­
rated by projecting the resulting photo 
through blue, green, and red filters. Ishaq.s 
has projected 35mm film through a #27 \Vrat­
ten filter onto a base map and very effectively 
mapped high-moisture soils which show up 
as dark on the infrared image which is pr~ 
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, be<:ause it penetl'ates very little 
into the water.8 The blue and gl"een images 
on the color film are especially useful in 
water quality studies because they do pene­
trate well into the water. ~ormal color film is 
also very valuable for photo interpretation 
work because it provides a true-to-life image. 

The conclusion here is that t\vo 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 that a tw~amera system was the 

optimum for environmental mapping. 
At the University ofWisconsin, two 35mm 

bulk-film motorized cameras have been in 
use since 1970 for environmental monitor­
ing; (see Figure 1). In addition to the 
economics of such a system, the resulting 
35mm bulk color and color-infrared film is in 
effe<:t microfilm and a remote sensing library 
has been set up for cataloging, retrieving, and 
viewing such film.• Figure 2 shows such bulk 
3Smm 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.9 Although cost and data handling ad­
vantages of the 35mm format are obvious, the 
question always arises concerning its resolu­
tion potential and metric accuracy, especially 
as comoared to iOmm film. Some inves· 
tigators ·prefer to use the 9-inch format be­
cause they feel much more comfortable wit.~ 
its theoretically better metric accuracy and 
resolution, and perhaps because of the tradi· 
tion of use. 

Of course according to accepted theory, 

"!'we WU4 itC:·U c~--ru. A111't"'Zi,..ca C4•n • tlG!I,OO& 
(-rw. •seu., !WlH" U"' ~•"ai.r..tl. 

1"- ~oraac S"t .. 

"!'Ire MUMela<i c-~ vtu 
s•.aa<~•r• t.•aa••· "1'11""n· 
~!:, ;:c 1;.!7 t!:~u.. 
S,-.t.- ~uirw 0..17 l'llle 
"1eUy ~l•"). 

-:-,..., .~ik<lft 'lotor !l,.t .... c .... ~ rlllt :nn t..ues an<i 
A<::a9SO"I'i~, ~is C:~"'!'l•O:a 5,.wta• lncJ.uct.l.na !!:U:"I'Ol 
~all sea C4sCs A,.,roz.i•acal 1 !6 ,.Jaa. 

Ftc. 1. Comparison o£9-inch. iOmm. and 35mm 
equipment for obtaining simultaneous color and 
coior infrared photography for environmental 
mapping. 
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Ftc;. 2. Projecting a 35mm image onto a tiltable rear projection screen. 
The projected image is made to match the base map. Environmental deb.il 
on the photo u then traced onto the map. This figure shows bulk 35mm 
aim being projected by a Kodak Recotd.alc Motonnatic microfilm viewer 
which bas the screen removed. If the 3.5mm qlm is made into slides, these 
C2.D be projected by standard slide projectors. 

metric accuracy, resolution. and photo in­
terpretation ability should be superior on the 
9-inch fonnat compared to th.e 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 
compared to the difference in cost and ease of 
use? 

To answer these questions, an area of en­
vironmental interest was photographed with 
simultaneous 35mm, 70mm, 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, \Vis­
consin in a marshy and wooded area where a 
new highway was proposed. The \Visconsin 
Department of Transportation • was in­
terested in testing the University of \Viscon· 
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 \Visconsin 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. E:cpem from the state agencies 
(Wisconsin Department of Transportation 
and Department of Natural Resources) a­
greed to analyze the different-sized-format 
photography concerning photo interpretation 

• Engin~ring Services Se~tion ofWisc. Dept. of 
Tr.msl)ortltion (Vern S~hult::., Director). 

potential for soils and vegetation mapping. 
Resolution panels were laid out and photo­
graphed with each camera. Enginee-ring Ser­
vices of the Wisconsin Department ofTrans­
portltion alre-ady had mapped part of this area 
by conve.ntional photogrammetric mapping 
techniques, and this map helped provide the 
base control for metric accuracy studies. 

The area was flown with a DCJ which had 
the capabilitY ofprbviding9-inch, 70mm, and 
35mm photography simultaneously. The 
focal lengths for the 70mm and 35mm 
cameras were chosen so that approximately 
the same area was covered 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 intet1'retation tests and resolution 
studies. 

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

RE.SL~RCH SPECIFlC.-\TtONs .-\ND FrEl.I) \VoRK 

The research area selected for this project 
was the ~1ud Lake area south of Yiadison, 
Wisconsin. The study area extends 4,000 feet 
in the north-south direction and 14,000 feet in 
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 western sec· 
tor is under cultivation while the eastern sec­
tor contains a petroleum tank fann. U. 5. 
Highway 12/18, which is the south :\ladison 
beltline, provides the northern border of the 
study area. 

The flight plan included one flight line 
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J ia. J. ~ ill. ~OY'MC 
Plleu Scale: 

ro- 'e~c 
1'1\ece Scale: 
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Ftc. 3. Acquiring the 9-inc:h. 70mm, and 3.5mm photography for com· 
parison. The above sketch shows the photo scales and the areas covered 
for a flyin~ height of 5000 feet above teiTain. The area of coverage for 
all three fonnats is approximately the same due to the proper choice 
of focal lengths of lenses used on the 70mm and 35mm cameras. 

from east to west centered over the research 
area. These flights were flown at 1000 feet, 
3000 feet, and 5000 feet above terrain. The 
speed of the DC3 aircraft was 130 knots. A 
Nikon F motorized camera with a 24mm lens 
was used to take the 35mm photography. A 
Hasselblad ~tiEL 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 3.Smm 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. 

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 pee 
troleum tank farm area in the easternmost part 
of the study area (see Figure 5). These white 
cloth panels were of 15 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-50-feet by 
the Wisconsin Department ofTransportation, 

10.. ,. ... , 
•· l'tlece Scala: 

bt IIMil ,..._. ~ l '•· • l17S tt.. 

Ptlete blerc-<6 I ~ 111ete !!ala~ 

•ecufi.C 
!a1u.-ac sf 

Scale 1- • 14 Ft. 

toccilie4 
bla~-t sf 

Seal• 1- • 14 ,\. 

Ftc. 4. Red:ifyi.ng and enlarging the 9-inch., 70mm. and 3Smm photog· 
raphy to a common sc:ale for comparison. All three format sizes were 
enlarged in the same rectifier/enlarger to eliminate any differences 
due to dU1erent enlarger lenses .. The 35mm film was also enlarged with 
standard slide projectors. 
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T.<\BU 1. PNOTOGKA.PKIC DATA FOR nu Trutu Fost.'oCAT3 Fr.owN. 

35mm 70mm 9inch 

C.mera.: 
Lens: 
Fonnat 

Films: 

~ikon F 
24mm 
36mmx24mm 
Color IR 2443 

Hasselblad ~UEL 
-tOmm Wide An~le 
55mmx53mm 
Ekcchrome YtS 

Fairchtld 2.24t 
6-lnch 
9in.x9in. 
Aerochrcme IR 

~nsparency transparency transparency 

Photo Scale., 
Flyi~ 
Htight3 
1000 ft 
3000 ft 
5000 ft 

lin.• 1064ft lin.a637ft lin.•16ift 
lin.•319lft lin.•19llft lin ... 500ft 
lin. •5292-ft lin. aJ173ft lin. •830ft 

And Cooend bf} One E:rposure (ft) 
Flljing 
Hllight, 
1000 ft 
3000 ft 
3000 ft 

1Sllx 1000 
453lx3000 
7290x~ 

14.1JX 1433 
4299X4299 
7166x716o 

l503x 1503 
4500X4500 
i500xi300 

there was no e:dsting control within the study 
area other than the plotted features on the 
map. A field cheek was conducted to deter· 
mine the map's reliability. Several points on 
the map were chosen and the distances b~ 
tween them were measured on the ground 
with a DM-50 Cubitape. The distances b~ 
tween these same points were then measured 
on the original Cronafle:t 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 cheek was found to be 0. 78. feet, well 
within allowable map compilation error. 
\Vhen compared to the leng+..hs of lines meas· 
ured this resulted in a mean discrepancy of 
0.12 percent (which is a l.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. 

RDOLIJ'T'ION CoMPA1USON 

Resolutio~ or sharpness. of a photo~phic 
image is dependent on the camera lens. the 
fonnat 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 3Smm~ 70mm. 
and 9-inch formats. The shaoe and contrast of 
the targets were the same for each format in 
this study. The flying heights were the same 
and the format-tcrfocal·length ratio 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 detennine whether a 
lens is normal. wide·angle, or telephoto. 
These ratios for the 35mm. 70mm. and 9-inch 
photogrnphy must be nearly equal in this. 
study. If the fonnat·to·focal•length ratios are 

Ftc. 3. 9-inch photograph showing the area on 
which the resolution and metric comt~arisons 
were made. The smaller.controi triangle demarlcs 
the base map controlled uea. The quadrilateral 
shows the controlled are11 derived from the 9-tnch 
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 dose enough to 
make the study acceptable. \Vith the availa­
ble lenses, the following ratios were estab­
lished: 

35mm format (36mm actual) .. 1.50 ratio 
24mm focal length lens. 
iOmm format ( 55mm actual) = 
40mm focal length lens 

1.375 ratio 

9-i nch format = 1.50 ratio 
6-inch focal length lens 

\Vith these ratios, the object size relation­
ships on the different formats are indicated in 
Table 2... 

TA.au: 2.. OBJECT Sru Dtf'FEJU:!"CES FORTH£ T~utu 
FoRMATS R.tuTrvt S1z! TO OsJe:CT o:-~ X FoR.-.tAT. 

X Fonnat 35mm 70mm 9 inch 

35mm 
70mm 
9in 

1 times 
.6 times 

.158 times 

1.67 times 6.33 times 
1 time 3.8 times 

.263 times l time 

As indicated, an object on the .35mm· and 
iOmm-format photos is considerably smaller 
than on the 9-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
cern environmental detail when he views the 
images under magnification and how does 
this_ability vary with the flying height of the 
aircraft? The resolution studv attemots to 
answer these questions for ~arying 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 fonnatforthe various flying 
heights. Each exposure was studied on the 
University of \Visconsin's Fairchild ~1ulti· 
Sensor Viewer under six-power magnifica· 
tion. The results are given in Table 3. 

To differentiate resolution of the oanels the 
following descriptive tenns were ~sed to es­
tablish degrees of clarity (Figure 6 illustrates 
the appearance of the panels related to these 
terms). 

S • SHARP-no distortion or fuzziness, 
comers are acute 

C =- CLE.-\R-fUZ%iness is minimal, cor­
ners are not acute 

B =r BLURRED-fuzziness dominates, 
comers are not acute 

NV =- NOT VISIBLE-panels can not be 
seen at all 

1000-F'EET F'LYINC H'EICHT 

Table 3 shows that at a flying height oflOOO 
feet there is little difference between the 
formats with respect to the resolution quality 
of the panels. On the 9·inch format the 
6-foot-square panel and the 3-foot-square 
panels were resolved one degree sharper 
than on either the 35mm or 70mm formats. 

3000-F'E'ET Ft.YtNC HEICHT 

At 3000 feet, the 35rnm and iOmrn formats 
were nearly the same with the 70rnm format 
resolving the 15-foot-square panel one de­
gree sharper than on the 33mm format. The 
9-inch format was substantially better than 
both the 35mm and iOmm formats. It was one 
degree sharper on 4 of the 6 panels when 
compared to the 35mm format, and better on 3 
panels when compared to the 70mm format. 

.j000-F'EET Ft.Y!NC HEICHT 

At the 5000-foot flying height, the resolu· 
tion of the panels on the 35mm and 70mm 
formats deteriorated and the 9-inch format 

T.~au 3. RESOLUTION CoMP.UlSON roR THE THJU:.E FotU•(ATS 
(AJonAJt.ANCl: or PANEL Uso£ll 6x MACNt11CATION). 

FolUt«AT /Ft.YYNC H.tiCHTs (rr). 

Panel 35mm Fonnat iOmm Format 9-inch Format 
Size 1000 3000 5000 1000 3000 5000 1000 3000 5000 

15ftsq s c B s s c s s s 
12ftsq s c B s c B s s s 

9ftsq s c B s c B s s c 
6ftsq c B B c B B s c c 
3ftsq B B B B B B c B B 

lftsq B B NV B B B B B B 

S • Shar9: C • Clear. 8 • Blurred. ~V • Not Visible 
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Ft~. 5. Illustration of tenns used to describe 
the resolution panels as they appeared to the 
individual viewing the 9-inch, 70mm, and 
3Smm photography. 

was fat superior to both of the smaller for· 
mats. This is illustrated in Figure i. 

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 between 
the 35mm and 70mm formats. At flying 
heights above the 3000-foot level, the 9-inch 
fonnat is far superior. 

A.tlU'HOTo INTER.PU.T An ON CoM.PA RISON 

The second parameter to be tested was the 
ease or convenience of photo interpretation 
with the three fonnats. 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 fonnats could provide 
image quality so that an interpreter can iden· 
tify objects of interest as well on the 35mm 
and 70mm fonnat as he can on the 9-inch 
fonnat. 

The aid of three soils experts and fourveg~ 
tation experts was solicited. The experts in· 
dividually viewed one set of stereo pairs of 
each fonnat of the same general area. The 
stereo pairs were viewed under 4.5 magnifi· 
cation with the Delft Scanning Stereoscopes 
and the Fairchild Multi·Sensor Viewer. A 
doth cover was placed over the stereoscopes 
so that the internreter could not see which 
fonnat 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. 

Ftc. 1. Re~olution paneb from the 
9-inch, 70mm, and 35mm formats, en• 
larged to a common scale of about one 
millimeter equals five fe~t. To make 
these prints, the 9-inch, 10mm, and 
3Smm photos were enlarged appro:d· 
mately 6.6 times, 25 times, and 42 times 
respectively. 

The flying heights of all formats were 3000 
feet. Unfortunately, no 70mm infrared fals~ 
color film was available, so nonnal color was 
used. Other qualifying aspects of this com· 
oarison were that the stereo model did not 
provide the identical coverage in each format 
(because all three cameras were not exactly 
synchronized). ..~lso, two t)1)es of stereo· 
scopes wer~ used. 

The criteria for soils interpretation in· 
eluded ability to interpret soil moisture, tex· 
ture, color, vegetation cover, soil patterns, 
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 patterns, vegetation shape and den· 
sity, crown formation, and veget:J.tion size 
and texture. 

Before the results of the tests were known, 
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when the vegetation experts were inter·- TA.au: 4. PHoTo bTE.llPRLTATtON CAPAaru'TY or 
viewed and asked their preference of format THE THllU FoRMAT Srz%.5 
size thev mentioned that the small area cov· (Su~MAaY or ls'TUPUTUS EvAL.UATtON) 
ered pe; photo with smaller·fonnat photog· RA TtNGS ( ls'T. 2so, 3tu.>) AsstGNtn .av 'THE Exn;rrs. 
raphy was restrictive. This preconceived Vegetation Experts Soil Ex-perts 
notion was dispelled when the photos were Format 2 3 4 1 z. 3 
uncovered and the area coverage was shown 
to be nearly the same on all the formats. It was g..in 2nd 3rd ... _3nrdd 3rd :>~dt ... _lnsdt _}nsdt 

70mm 3rd 2nd ., 2nd ::... ., ., 
pointed out that the same area coverage can 35mm 1st lst lst 1st 3rd 3rd 3rd 
be .obtained by the smaller formats as by the 
S.inch format if the corred 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. 
\Vhen 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· 
tion mapping. 

The three soils experts, on the other hand. 
all preferred the 9-inch format for mapping 
soil boundary locations. In each case they 
selected the S.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 9-inch 
format was much more convenient than the 
smaller formats, which must be enlarged. The 
soil boundaries stood out much clearer on the 
S.inch formats than on the 35mm or 70mm 
formats. None of the soils experts correctly 
identified the concealed fonnats. 

The vegetation experts were-
1. Alan Ek, Professor, Department of 

Forestry, University of \Visconsin. 
2. Arlyn Linde, Vegetation ·Analysis Staff, 

Wisconsin Department of Natural Re­
soW"Ces. 

3. Don Thompson, Vegetation Analysis 
Staff, \Visconsin Department of 
Natural Resources. 

4. Alan Ruse~ Vegetation Analysis Staff, 
Wisconsin Department of Natural Re-
sources. 

The soils experts included: 
1. Ralph Kiefer, Professor. Department of 

Civil and Environmental Engineer· 
in g. University of \Visconsin. 

2. James Elliott. Materials Section, Dis­
trict One, Division of Highways, \Vis­
cons in Department ofTransportation. 

3. Richard Robinson, Central Office, Soils 
Unit. Division of Highways, Wiscon­
sin Department of Transportation. 

METRIC AccuRACY CoMP.o\RISON 

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 3.5mm, 70mm, and S.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. 
~leasurements 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. \Vith 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 
achieve<L an exposure was made resulting in 
a rectified photograph. This procedure was 
followed with each of the formats. The work 
was done by the \Visconsin Department of 
Transoortation 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 
reliefdisplacement 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.l The ori gi~ 
nal photos used were those. taken from a fly­
ing height of 5000 feet above terrain. Acci­
dental operator error should be e:cpe<:ted in 
all re<:tification processes. In this case, the 
error was l percent in the 35mm and 9-inch 
formats and 1.6 percent in the 70mm format. 
This error was determin~ by measuring the 
lengt:M on the enlargements and the same 
lengths on the base map for three control 
point:s. These three control points created the 
control triangle shown in Figure 5. A mean 
se.Ue factor was thus detennined for each 
photo enlargement. 

TEST I. The purpose of Test I was to de­
termine the disc.repancy 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 5). 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 5 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 11. To supplement and attempt to 
verify the conclusion of Test I, 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 t..~ese 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 

TAau .S. Ruut.n or T.E.ST I. Drn:Ju.tiNtNG 
DtSClU:.P!•NCILS Br:twEL"f .\DjtJST'!:D PHOTO 

OtSTANCU Al'ID BA.SE ~lAP DtflANCU FOR 30 UNO 

WtTNIN nu: CoNTltOL TlUANGt..t. 

Mean Discrepancies 
Of ~tea.$ured 

Fonnat · Lines• 

9in o.~mm 
70mm O.J97mm 
35mm 0.286mm 

Scale o( E~HWnU: lmm • l~ ft.. 

Standard% 
Dev. Error'* 

0.445mm 1.1i% 
0.500mm 1.97% 
O.J42mm l.J9% 

• ~ .. n Ot~ • M..a OiiTe"nn ill t.en§tft oi .\cijwc.d 
LJ~ OQ EniatJetneftC CQm~ to Bu. ~ap. 

•• ~ tnw • (~eaa Oitc~/Me.ut I..en!Jtb oii.J-.) lC !00. 

triangle (see Figure 5). Test lines were not 
located on the perimeten of the format. By 
comparing enlargemen~ it was obvious that 
greater error existed on the perimeters of the 
formats outside of the control triangle. The 
results of Testl I 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 
pain~ as the 9-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 
9-inch projection was used as base control 
~d the 35mm and 70mm images were en· 
larged and compared to it. The 9-inch projec· 
tion was used as a base because no mao con­
trol e:risted on the perimeter of the photo 
area. The 9-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 t:he projected image. About 30 other 
points for comparison studies were plotted on 
the base sheet. The 35mm and 70mm fonnat 
photographs were then rectified to both three 
and four contTol poin~ derived from the 
9·inch photographs. The 30 comparison 

TABU 8. R£sux.n or Tur U. A..'fA.LY%1MG Sc.u . .E.! or 30 TuT U"N"£.5 ON TNZ 
E.·n.AaGz.....:L"f"l'S (TuT uNu Aa~ I!istnt or TN.t CoNnoL TIUANGU:). 

Average 
Format Scale Discrepancy of Scale Factots 

Standard 
Mean• Deviation Max .. + .. Max .. -.. %•• 
~tM !YtM MM MM MM 

9in 1.039 0.016 0.02.:3 ~0.046 -0.067 1..54 
iOm.m 0.992 0.020 0.025 ~0.057 -0.040 2.02 
33mm 1.009 0.015 0.019 ~0.058 -0.027 1.49 

• ~- Otsc~ • ~lftft OitTer~tnce in Sc:2J.s Se<WHil .-\vera~• Scale and Indivtdu.eJ Seal• 
Factors. 

•• ~. 0~ • (Mna Oisc~yi~fe~~n C..ns¢1 oflinesl 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. It was found 
that the 70mm format provided better results 
than the 3.3mm 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 a~ 
curacies. Ground positions of points located 
with the 70mm format were about 6.5 feet 
from the point's location as determined by 
the 9-inch format. The 35mm format was in 
error by about 11 feet, assuming the 9-inch 
format point locations were correct. Ylost 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 a mounted 35mm 
slide onto the base map · using a standard 
carousel type 35mm 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 3Smm 
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 
9-inch format photo). 

The results of Test IV are suoerior to those 
ofT est III. This is partly explaiiled by the fact 
that the original exposure was used in Test IV 
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 

TAau 1. REsuLTS oF TEST III SMAU. FoR.\oCAT 

PxoJEcnn IMAGE.S CoMPAR£D TO 9-INCH B"sr. 
E NI..UlGL'«.'IIT. 

Rectification Using Thr~ Control Points 

Fonnat Test Points T~st Points All Points 
Inside Outside In ~ Outside 

Control Area Control Area Cont·ol Area 

Mean SO Me~ SO Mean SO 
mm mm mm mm mm mm 

70mm 2.07 1.13 4.70 1.56 3.00 1.8 

Rec:tification Using Four Control Points 

70mm 2.00 0.75 3.00 1.58 2.~ 1.06 
3Smm 4. 71 3.87 3 . .>; 1.61 3.86 2.45 
Scale • lmm on 8ouc Sh..t • J.l Ft. on th• Ctound 

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 ·.vill 
be located as accurately with the smaller for· 
mats as with the 9-inch format. The tests 
using 5000 foot photography and the 9-inch 
photo as a base and locating the ~!Ontrol 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 ofT est IV, usin~ 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 analys1s 
do qualify the findings of these tests. A.s pre­
viously indicated there was about 1 percent 
error between the base mao and the rectified 
9-inch photographs. The b~se map also has an 
error of about 0.1 percent as compared to 
ground control. The points included both top­
ographic and planimetric features, and re­
lief disolacement will distort the results. Be­
cause of deterioration in resolution of the 
smaller formats, point locations may not be 

TAau: 8. fu:su1.n OF TtsT IV PotNT LoCATlON Otsc~uMo~ClES WHEN A Suoe: 
PxoJECTOR PltoJECTU) A 33MM Sun£ oNTo THE 9-rNcH BAsE ENt..~.RCEMENT. 

Test Points Test Points 
Fonna.t Outside Control Inside Control 

Area Area All Points 
Mean SD Mean SD Mean sp 

35mm l.9lmm 1.38mm 0.825mm 0.52mm l.Slmm l.19mm 

Scale: lmm equais 5 f~t. 
J ConCTOi Points"'~"' used ia the Rectific:aeion ~a. 
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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. :V(easuring errors and 
paper and film shrinkage also contribute to 
errors in this comparison. 

CosT AN .u. YSls 

Based on the assumption that to do op­
timum environmental mapping, simultane­
ous photography with color and color infrared 
film is required. the costs of such 9-inch, 
70mm, and 35mm camera systems were 
analyz~. A two-<:amera system was investi­
gated for each format. With the 9-inch camera 
s}"tem only one focal length lens was consid­
ered.. This had 6-inch lenses which could be 
cl33.sifi.ed a ··normal"' foc.al length lens. For 
the 70mm 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-<:amera system for 
the 9-inch format a relatively large aircraft 
with two camera ports is required while the 
70mm and 3Smm camera systems a smaller 
aircraft with one ··camera port'" will suffice. 
The diffet'ence in initial cost and cost of oper· 
ation of the different 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 mean.s of transferring the photo data onto 
the b33e map will be discussed but no actual 
dollar values will be attached to the different 
systems. Generally speaking, the projection 
s}"tems for the larger format sizes are more 
expensive. 

NlNJ; X NINE lNCH FORMATS 

For simultaneous photognphy with the 
9-inch format. two cameras are required. The 
cost figures given are for a \Vild RC 10 camera 
system: 

Two Camera Cost 
Two Lenses 
Two Filters 
Intervalometer 

Total Cost 

$ 60,000 
30,000 

3,000 
8,000 

$101,000 

Cost per simultaneous exposure on color and 
color IR film: 

2x Film 
2x Development 
2x T zam-parency 
2x Prints 

Total Cost 

$ 1.37 
1.36 
8.38 
6.40 

$17.51 

The advantage of the 9-inch system is that it 
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 ca.ny the two 
cameras. Viewing for photo interpretation 
can be done with conventional stereoscopes, 
and stereoplotters. Transfer of environmental 
data to a base map can be accomplished with 
a zoom transfer sc.ope, a sketchmaster, a 
9-by-9-inch rectifying enlarger, or by tracing 
onto a piece of trans-parent 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 finns but 
differential film costs alone can pay for the 
small format system. For example, an aerial 
photography mission of one fiight line requir­
ing 100 color and 100 color infrared expos­
ures could cost from $2500 to $3000. Most 
firms do not have two 9-inch format cameras, 
making simultaneous coverage unlikely. Al­
though numerous variables affect the costs, 
one can see the cost savings involved with 
smaller format systems. 

70MM SYSTEM 

The cost analysis is made for a two-camera 
Hasselblad system of the type described by 
Malar and Rinker but with two camera.s in­
stead of four. 

Cost of Camera.s-2 Ha.sselblad S 1,500 
Lens: 4,000 

2x normal 
2x wide angle 
2x telephoto 

Filters 
Intervalometer 

25ea. 
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 film 
2x development 
2x transparency 
2x print 

Total cost 

$ 0.15 
0.42 
1.64 
0.64 

3 2.85 

The advantage of the iOmm system is that 
the resolution is still quite goo<i. 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 5trip 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· 
t:remely 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. 

J5MM FOR.~AT 

The cost analysis on the 3Smm system is 
made for the N ikon F2 camera. Robot and 
Canon cameras. were also investigated. 

Cost of Camera 
2 Nikon Motonnetric 
Lenses: 

2x nonnal 
2x wide angle 
2x telephoto 

Filters 1.2 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 
2x development 
2x transparencies 
2x print 

Total Cost 

$ 0.04 
0.22 
0.18 
0.36 

s 0.80 

The advantages of this system are that it is 
the least expensive in equipment and opera­
tion~ the lightest in weigh~ and the most ver· 
satile. Also a t\v~amera bank can be hand 
held.1 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 tha~ like 
the 70mm fonnat, the lenses are primarily 
designed for image sharpness rather than 
metric accuracy. There is no vacuum to as­
sure focal plane flatness. The 3Smm fonnat 
has poorer resolution than the larger formats. 
Also at this stage of operation little 3Smm 
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 35mm microfilm readers. 
Two such viewers side by side can be nicely 
used to view both color and color infrared 
film.1 With the 35mm Kodak Motonnatic 
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 tilted so that the projected image can 
be matched to the base map (see Figure 2). 
The environmental data. can then be I:I'aced 
onto the base mao. This is similar to the rec­
tification proces; 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 3Smm slides and pro­
jected in the same way. 

CoNCLUSION 

The objective of this investigation was to 
analyze 9-inch, 70mm9 and 35mm format 
photography with respect to resolution qual· 
ity, photo interpretation capability, metric 
accuracy, and cost. Tne application in mind 
was for environmental mapping. For such 
work it was assumed that both color and color 
infrared photography was highly desirable 
and that a t'w'~amera system was the best 
method for obtaining the required photog­
raphy. 

For the analysis an area of environmental 
interest to the \Visconsin State agencies was 
flown at different flying heights with 9-i.nch, 
iOmm. and 3Smm photography. 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 c:unera systems can in fact 
play a key role in environmental mapping. 
The resolution comparison showed the 
superior qu.Uity of the ~inch format at higher 
£lying heights. At flying heights of about 1000 
feet the resolution of the three formats 
seemed equally satisW:tory. Both the 35mm 
and iOmm 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 les~ 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 lcxations a.s the 9-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 50.00 feet. The 33mm images were 
also projected utilizing a slide projector, and 
metric accuracy results were better than with 
the r~tifying 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· 
terns are about S 100,000 for the 9-inch format. 
with the standard lenses; and $7,500 and 
$6,000 respectively for the 70mm and 35mm 
systems including auxiliary lenses. Without 
the auxiliary lenses these small format sys­
tems can cost as little as $3,500. The cost of 
film and processing is about nine times great­
er with the 9-inch system. The savings in 
cost of photos alone betvleen the 9-inch and 
the· smaller format systems will pay for the 
smaller format systems within only several 
hundred to a few thousand photognphs. 

An additional factor ~~at requires consider­
ation is the convenience of use of the differ· 
ent format systems. For stereo viewing the 
9-inch format is preferrable with the 70mm 
more desirable than the 35rnm format. How· 
ever, for filing, inde:'Cing, retrieving, project­
ing. and simultaneous viewing of different 
frames~ the 35mm is preferred. A marked ad­
vantage of the 35mm format over the 70mm 
format is its compatibility with 33mm mi· 
crofilm viewing a."ld film handling equipment 
The 70mm viewing equipment is e:cpensive 
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 70mm 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 dedsions. The 
accuracy requirement of environmental 
mapping is in the magnitude of tens of feet. 
Small format systems can provide such an 
ac~uracy, and their initial and operating costs 
are about L'lO the cost of 9-inch mapping 
camera systems. For those engaged in en­
vironmental mapping it is re~ommended that 
they closely look at the small format camera 
systems, specifically the 33mm system, to as­
certain which system can provide their map­
ping needs at the least cost. 
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SMALL FOBMA.T AERIAL PHOTOGRAPHY 

Introduction 

There are many examples of the usefulness of aerial photographs in 

oa tural. resource investigations. Unfortunately, suitable aerial photo­

graphs are not always available, and contracting for new aer'ial photo­

graphs to be flown b¥ a commercial aerial survey firm can be a~pensive, 

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 3Smm) has been shown to be a viable 

alternative in many instances, providing valuable aerial photographs on a 

cost-effective basis. 

This bibliography has been prepared to direct the reader to sources 

of information about successful applications of small format aerial 

photographs. It is by n~ 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 citation. 

Other items are found in technical journals of wide distribution. 
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pretation, mapping technique, and the utility of satellite data. 



Miller, W. A., 1974, Application of the 35 mm aerial photography system 
to resource· management on National Reserve lands: Western 
International Commission for Higher Education, Boulder, CO, 50 p. 
(EDC call number 854.M619a). . 
Summary report on how the 35 mm syst~ 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: Journal of the Soil Science 
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