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INTRODUCTION

A small study of the relationship of aerial photography optical densities
as measured by a McBeth densitometer to corn yields was conmducted by the
Research and Development Branch of the Statistical Reporting Service (SRS).
The study was a cooperative project with the South Dakota Remote Sensing
Institute;/at Brookings, South Dekota, during the 1969 growing season.
Several types of aerial photography were taken by the Institute, as well

as thermal scanner imagery. Ground truth was collected by personnel of the
Institute, Research and Development Branch and the South Dakota State

Statistical Office of the Statistical Reporting Service (SRS).

The project objectives were to study (a) relationship of optical density
to corn yilelds and (b) to look for factors th;t might be used in a yield
estimating model. Secondary objectives were to study plot marking, instru-
ments for measuring optical density and the variance of optical density

measurements.

Review of Related Research

A previous study [l] in the Texas Rio Grande Valley on cotton and sorghum
was made by the Research and Development Branch of SRS in cooperation with
the Agricultural Research Service Remote Sensing Laboratory (RSI) at Weslaco,
Texas in 1968. The cotton and sorghum data for July, suggeetéd a lack of

significant differences for yields among qQuarters of individusl fields.

1/ The author wishes to acknowledge the contribution of Fred Waltz in
preparing the data for computer processing.
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For August, the cotton data had significant differences between fields

and between plots within fields and suggested a positive relationship
between optical density readings and certain yield parameters. The study
also showed definite correlations between various types (colors) of filters
used. The 4' x 4' plywood panels used were quite sufficient for determining

plot locations.

Day to day differences in exposures led the ARS Remote Sensing Laboratory

to suggest a method of calibrating film density measurements using polynomials
to predict the difference of the neutral filter response minus the color
filter response. The coefficients of the polynomial were determined by
regressing the neutral response polynomially against the observed neutral

minus color response. This analysis is still in progress.

Research by Texas ASM University, (2] under a cooperative agreement with

SRS, reported the logarithm of optical density measurements did not result

in homogeneous variance and a large day-to-day effect between means was
observed. Other findings were significant camera and film differences.
Control panels helped, but did not satisfactorily reduce thg large day-to-day
effect and only slightly improved the discrimination of crops. The altitude
of photography by film interaction was not significant; but, the altitude

by camera interaction was significant.

Laboratory studies at the ARS Remote Sensing Laboratory showed that a

typical cotton leaf has an absorption coefficient similar to water over
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the 0.7 to 1.3 micrometer portion of the spectrum. Reflection from a crop
canopy is a difficult measurement because: O,, CO, and H,0 (vapor) absorption
reduces incoming radiation in the above bands, (b) illumination from the sun
varies in intensity with mumerous climatic conditions, (c¢) rediance from
Tield crops is affected by plant geometry, background soil reflectance,. and
other factors, (d) the sun intensity peaks at above 0.5 micrometers and falls

off rapidly at shorter and longer wavelengths.

SAMPLE SELECTION

Three corn fields were selected near the RSI and photographed. The fields
were not selected randomly, but were purposely selected to reflect differences
in yleld potential between fields and different farming practices. Since

the fields were not randomly selected inferences are limited and can only bve
made about the three selected fields. Sample plots for counting and measur-
ing yield indicators were located randomly within quarters of each field. The
mumber of rows was counted and the length of the field was paced. The fields
vere then divided into quarters and two plots were located within each
quarter using random coordinates. The quarkeéring was done to force an even
distribution of sample plotes over the field, for measuring within field

variation.

More sample plots within a field were used rather than adding more fields
to reduce the amount of extraneous variation. Such variables as variety,

planting date, soils fertilizer use, cultivation practices and etc., may



affect optical density.

FIELD PROCEDURES

Ground truth (Corn)

On July 24 and 25, eight plots in each of the three fields called fields

X, Y, and Z, were measured, marked, and plant characteristics counteé;'.

The markers were 4' x 4' foot plywood panels painted white with 3 fooeh

red npmerals. They were mounted about 7 feet above the ground on two inch
galvanized pipes. At this time, 4 row spaces and 1 row .space were measured,
15 feet of row length was measured, in each of two rows. The panel was
placed 5 feet in front of the plot. In these 15 foot row lengths, the

mumber of stalks and the mumber of stalks with tassels, were counted.

On August 19 and 21, the plots were re-visited and similar plant counts
made. The number of stalks and stalks with silked ear shoots, silked ear
shoots and ears with kernel formation, were counted. The lengths of ears
over msks were measured in row 1 of plot 4 in field X, Y and all plots in
field Z. Beyond the unit, 5 ears were examined for maturity and length

of ears over husks and the length of kernel rows were measured.

On September 16, field Z was visited and the same data was recorded as
on the August visit. This visit was made because part of field Z was

to be harvested for silage.

On October 8, after a freeze (26°F), all three fields werc visited, plots
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2, 3, amd 4 of field Z had been cut for silage. At this time, the number

of stalks with silked ear shoots, mumber of ears and silked ear shoots, and
munber of ears with evidence of kernel formation were counted. Total length
of ears over husks 1n row 1 was measured for all plots. Beyond the unit
using another, 5 ear sample, the stage maturity and the length of kernel
rows vwere measured. The corn in row 1 and row 2 was harvested and weighed
in the ear. Ears 3 and 4 from each row were bagged in plastic bags and used
for defermining shelling percent and moisture content. Since the corn was
quite wet, the corn was weighed upon arrival at the laboratory and dried.

It was again weighed at the time of shelling and the shelled corn was
welghed immediately after shelling. 1In some cases more drying was necessary
before moisture testing could be done. In these cases the shelled corn was
again veighed at the time of moisture test. The estimated yleld per acre

at 15.5 percent moisture was determined. For the plots harvested for silage,

a forecast yield per acre was calculated using SRS's Objective Yield Procedures.

Detalled procedures and definitions used may be found in the Supervising

and Editing Manual, 1969, Corn Objective Yield, U.S.D.A. - SRS [3].

Fiight Data:

Flights were made between July 5 and October 8. There were two distinct.

types of data gathered; thermalimagery (See Appendix F) and photographic.

The thermal data were obtained by recording contimous data from the thermal

scanner on magneétic tape. The magnetic tape was then read through a signal
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processor and recorded on film. The plots were located on the film and

read with a MacBeth densitometer (See Appendix E).

The photographic data were obtained with either a K=17 aerisl camera with
93 x 9% Ektachrome infrared film or a Hasselblad TOmm four camera cluster.
Camera 1 used Ektachrome infrared aerial film (Kodak 8443). Camera 2 used
Ektachrome medium speed aerial film (Kodak 2448). Camera 3 with black and
white infrared aerial film (Kodak 2424) and Camera 4 with Tri-X Panchromatic
f1lm (Kodek 2403). A G=15 plus 30M filter, 21M filter, 89B filter and

25A filter were used respectively with the Ektachrome infrared, Ektachrome
medium speed, black and white infrared and Tri-X films. Of this data

collected, only the infrared film is reported bn in this paper.

Useable photography was obtained on July 31, August 12, August 15, September 10,
and October 8., The altitude of the- aircraft was 2 ,000 feet. Photography
vwas also taken at 4,000 feet, but density readings of this film were not made.

Table I.--Corn: Optical density readings per plot for corn fields by dates
of photography, South Dakota, 1969.

Date of photography

Field
: July 31 : Angust 12 : August 15 : September 10 : October 6
Number Number Number Number Number
X 2 2 2 2 2
Y 2 L 2 2 2
Z 2 2 * 2 2

** No photography for field Z on August 15.



. -

Five variables were selected for ground truth studies. The variables fall
into two categories, (1) measurable plant characteristics before crop
matures and (2) measurable plant characteristics only when crop*Ih mature.
Category (1) variables were (a) number of stalks per acre July 2# 1969

and (b) number of ears per acre, August 20, 1969. The category (2) variables
were: (a) number of stalks per acre, October; (b) number of ears per acre,

Octobver; and final estimated yield per acre, October.

Analysis of variance showed highly significant differences between field
means for all five variables. Bartlett's test showed no differences in
variability between fields for each of the variables. So the assumptions

regarding techniques for pooled variances for analysis purposes were met.

Analyses showed that the five ground data variables were all highly correlated.
Analyses of ground data lead to these conclusions:

1. Sample selection process were successful in meeting their objectives
(difference between fields, plots within fields).

2. Variances may be pooled for model building.

3. For the models studied, the same variable appeared to give nearly
the same result for each model although coefficients were different.

Tables showing the results of these analyses are found in Appendix B.

Optical Density Measurements

Four primary optical density variables were selected for study. Neutral,
red, green, and blue filters on a MacBeth densitometer (see Appendix D)
were used for measuring optical density on Ektachrome infrared film type

8443 and were labeled X;, Xo, X3, and X) , respectively.
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It had been suggested that differences in optical density between filter
colors could be used to remove day-to-day variation for incoming radiation.
To investigate this, all possible differences were set up as: neutral minmus
red, green .ninus neutral, blue minus neutral, green mimis red, blue minus

green, and were denoted X5 through XlO » respectively.

Correlations were computed between each X variable and with the Y variables.
The Y variables were: number of stalks per acre July 24, number of stalks
per acfe October 8, mumber of ears per acre August 20, mumber ears per acre
October 8, and yield bushels per acre. The correlations‘ are presented in
Appendices C and D. The X variables were highly correlated among themselves,

The correlations of the X's with the Y's were calculated by dates.

The August 12 film was not as dense as the July 31, September 10, and the
October 6 as can be seen from (Table C-I-Appendix C) the table of means of
the X's. The inter relationships of the X's on August 12 are quite different
from other days (Tables C-II through C-VI-Appendix C). This different

relationship also held for the correlations with the Y's.

The August 15 film density was also much less than the densities for July 31,
September 10, and October 6 but was more dense than the August 12 data.

The relationship of the August 15 correlafion between the X's and the X's
with Y's are similar to the dense films. See Appendix D, Tahles D-II

and D-III. The consideration of variables was restricted to only X

variables that had similar correlations for July, August, and September.
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Thus X (neutral-red), Xg (neutral-green), Xg (green-red) and Xg (blue-red)
were used in the analysis. The correlations between these variables, on

the chosen film, varied from .97L to .999. The variable XS (neutral-red)
had the highest average correlation with YS (yield). Based on these findings

Y5 and X5 vwere chosen for developing a potential model.

Table II, III, IV, V, VI are analysis of variance (AOV) summaries which test
various hypotheses about the suitability of regression lines when combining
data géthered from different fields. The test is terminated with the first
significant F value encountered. Read the AOV tables sfarting at the bottom.
Tests to be made are the following:
1. Can an average within field slope be used for all pooled data, or
is a different slope and intercept necessary for each fleld? 1{
Hot Y3y = ay + b Xy "~ N
Hy: Yiji%’ai + by Xyq4 Ho: Hg: ]

2. Can one intercept (or mean) and slope be used or should a‘common
slope but separate intercept be used for each field?

HO: Yij =a+hb Xij /
Ha: Yij =ay * b Xij HO: H&i//

3. Is a regression equation useful or would the mean, T} be appropriate,

N

1-eo, is b = 0?

H: Y,.=Y

o

H YiJ =g+ Db Xij HO: Ha':A
Once these questions are answered, the basic estimating model is established.
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Table II.--1969 South Dakota corn, July 31 =- an analysis of variance testing various hypotheses about
suitability of regression lines 1)

Source Degrees Sums Mean F :
of : of : of : Square : Test : Hypotheses

Variation : freedom : Squares : : :
Regression (a, b) 1 14479.3 14479.3  L45.60% Hy: iij =Y
Error 1 ;2 6985.3 317.5 He 4y =a+vX,

¢ A

Regression (a.l... 32 b) 2 1587.3 793.7 2.9% Hy: Ty=a+bd Xy
Error 2 : 20 5397.8 269.9 By ¥4 =8, + b Xy
Regression (a.l...a3, 'bl...b3) 2 258.1 129.?. 45 Hy: Y45 = ay + b Xy
Error 3 : 18 5139.6 285.5 Hyt Yy, =ag+ by Xy

1) Correlations may be found in Appendix D, Table D I

* Significant at .99 level

- OT-
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Table III.--1969 South Dakota corn, August 12 - an analysis of variance testing various hypotheses about

the suitability of regression lines

1)
Source : Degrees : Sums : Mean F
of : of : of : square : Test Hypotheses
Variation : freedom : squares : :

Regression (a, b) : 1 198.9  198.9 .21 Ho: fia =Y
: A

Error 1 22 21265.7 966.6 Ha: Yi,j =g+ b xi,j
. . A~

Regression (a,...a3, b) P2 17053.2 8326.6  ho.L.B* Hi: Y45 =a+bXy,
* ~

Error 2 20 4212,6 210.6 Ha: Yi,j = ay + b X:U

Regression (al...a3, bl...'b3)f 2 285.3 1l+2.'( .65 Hp: Yyy=a3+Dd xij
¢ N

Error 3 18 3927.2 218.2 . Ha: Yij = ai + bi Xij

1) Correlation may be found in Appendix D, Table D II

* Significant at .99 level

=TT~




the suitability of regression lines

\dg vs Y5

Table IV.--1969 South Dakota corn, August 15 ~ an analysis of varianée testing various hypotheses about

1)
Source Degrees Sums Mean : F
of of of ! square : Test Hypotheses
Variation freedom squares :

Regression (a, b) : 1 3684.3 3684.3 L40.38%* H,: ?iJ =Y

: ]
Error 1 : 14 1277.5 91.2 H,: ?13 =a+bX, "?’
Regression (al...a3, b) 1 108.8  108.8 1.21 Hy: Yyy=a+bd Xi.j
Error 2 o : 13 1168.7 89.9 H_: Yij =8yt DXy
Re@‘ession (81...8.3, blo-ob3) : 1 29603 296'3 l"os HO: Yij = ai + b Xij
Error 3 : 12 872.3  T2.7 Hyt $y5 =05 + vy X4

1) Correlation may be found in Appendix D, Table D III.

* Significant at .99 level




N X5 vs \Y?/

"

Table V.=--1969 South Dakota corn, September 10 - an analysis of variance testing various hypotheses about

the suitability of regression lines

1) .
Source Degrees Sums : Mean F
of : of : of : square : Test Hypotheses
Variation : freedom : squares : :

: N -

Regression (a, b) : 1 14191.3 14191.3 Lk2.93* By: Y4y =7%
: [

Error 1 i 22 727303 330.6 Ha: YiJ =aga+b xij
* A

Regression (al...a3, b) : 2 2106.2 -1053.1  4.08 Hyp Yy5=a+b xi‘j
* A

Error 2 20 5167.2 258.4 Ha: YiJ =a; + b xiJ
. A

Regression (al,aa,aa,bl,be,b3): 2 L5.1 22.6 .079 Hyt Y55 =83+d Xy5
: . A

Error 3 : 18 5122.0 284 .6 Ha: YiJ =a; * by xiJ

1) Correlation may be found in Appendix D, Table D IV

* Significant at .99 level
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Table VI.~==1969 South Dakota corn, October 6 - an analysis of variance testing various hypotheses about
the suitabllity of regression lines

1)
Source Degrees Sums Mean F )
of : of : of : square : test Hypotheses
Variation : freedom : squares : : :
Regression (a, b) : 1 o84k .1 98uk .1 18.66% H, ?13 =Y
: A 8
Error 1 ; 19 1002k.2  527.6 H, Yij =a+b xij *.;.
Regression (al, 8, &g, b) 2 3245.3 1622.7 bL.oT B, Yi,j =a+b Xi,j
Error 2 o 17 6778.9 398.8 B Yi,j =8, +Db Xij
° A
Regression (al,aa,a3,bl,b2,b3) 22 1955.7 977.8 3.0k Hy: Yjy =a + DX,
Error 3 15 4823.2 321.5 H,: YiJ =a, +by xi,j

1) Correlation may be found in Appendix D, Table D V

* Significant at .99 level
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‘\) In Tables II thru VI, the first F-values are not significant.

Ho: YiJ =a + b XiJ is accepted for éll five dates. For July 31,
(Table II), August 15, (Table IV), September 10, (Table V), October 6,
(Table VI), the second F-value is not significant, thus Hj: Y, y=atbpX,
is accepted at the .99 level. That is, the third F-value is highly
significant on these dates indicating that Bé: YiJ =a+d xiJ is the proper
model. For August 12, the second F-value was significant at the .99

level and the alternative model was selected.

The computations for the slopes and intercepts were made as follows:
Where X = X5 and Y = Y5
Assuming the .0l level of significance use:
Y = a + bX for July 31, August 15, September 10,
) October 6 and Y = a, + WX for August 12.
For the .05 level of significance

Y

il

a + bX for July 31, August 15 and

Y = a; + bX for August 12, September 10, October 6.

Tests for regression coefficients on all possible pairs of Y vs X values for
each date of photography were obtained. On dependent variable Y, count

of stalks, July 24, 22 pooled models were significant and the remaining

28 showed no regression. On dependent variébles Y2, count of stalks
October 8, again 22 pooled models were significant. Six more pairs showed
significance for the separate intercept model. On Y3, mumber of ears

Mugust 20, 16 pooled regression were significunt, separate intercept models

were significant for 6 and its remaining 24 showed no regression. On Yh’
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3 Table VII.--1969 South bako’ca corn -- lntercepts and slopes for various dates.

Model Y, L =a + b X

1) 13
Date Intercept Slopes
July 31 : 33,36 : 180,74
August 15 : 10.14 : 163.20
September 10 : T73.34 : 257.82
_ October 6 : 32.53 : -218.32

Yi =Yg Final yield bushels per acre; X, = x5 (Neutral - red)

Table VIII.--1969 South Dakota corn -- intercepts and slopes for various
fields and dates

Model Y . =ay + X

13 13

'> Date : Field : Intercept : Slope

» *

64.90
55.65 326.65
l.uo

Angust 12

s oo

September 10 69.92
5T.41 169.66

87.93

61.75
51-5& h5’95
123.95

October 6

NP NI NP

Y; = Y_ Final yield bushels per acre; X, = Xg (Neutral - red)

5
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number of ears October 8, 26 regressions were significant of which 20

were the pooled model. On dependent variable Y5 » final yield, 32 pooled
models and thirteen separate intercept models were significant. The
remaining five showed no significant regression. Dependent variable Yrj
final yield had by far more significant regression on the average than the
other variables.

Table IX.--1969 South Dakota corn- Number of significant* regression models

or lack of regression models in repeated regression analysis
between all possible pairs (50).

Dependent : No : o Model 1 : Model 2
i : ' t Y5, =8+ : = +
Variable : Rﬁg;rezss%on ; YJ.J a b»xij : Yi.j ay ‘nxi'j
Number of stalks/A :
July 2 : 28 ) 22 0
Number of stalks/A :
October 8 : 22 22 6
Number of ears/A : ,
August 20 : 2l 16 10
Number of ears/A  :
October 8 : 24 20 6
Plot yield . :

BI/A : 5 32 13

* Significant at .99 level

Considering the independent variables, the variables based on filter

differences showed more regression than the individuasl filter readings.
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\) Table X.-=1969 South Dakota corn-number of significant* regression models
or lack of regression models in repeated regression analysis
between all possible pairs.

No ! . Modell : , Model2

Independent
variable ; %girif;}on ; Yij =a+bd X13 : Yij = a4t b xij
theer 15 7 3
Xo Red filter i 12 6 T
X3 Green filter ; 10 12 3
X), Blue filter 11 9 >
X5 (xl - Xz)‘ ) 8 16 1
Xg (X3 = X3) 8 15 - 2
X7 (X - %) 8 11 5
) Xg (X3 - Xp) 8 16 1
Xg (Xy - Xo) 8 15 2
X10 (X4 - X3) 15 5 >

* Significant at .99 level

A polynomial regression to predict the (neutral - red) variable was
computed, but the correlation between predi;ted and actual was so
poor this analysis was abandoned. Further, discriminant analysis was
tried but apparently the intercept differences between fields caused

very poor results and this analysis was also abandoned.
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W After looking at the various models some question was raised on whether

the optical density varied between samples within fields, between fields
within days. To look at this,an analysis of variance was computed. Highly
significant differences were found between samples within fields, between
fields within days and for all tut X7 and X9 between days. The variable
X7 (blue mimis neutral) was not significant between days and X9 (blue minus

red) was significant at the 95 percent level between days (See Appendix C).

Bartlett's test for homogeneity of variance was computed to test if the
assumption for making the analysis of variance held. The Bartlett's tests
indicated the variances of optical density measurements were not homogeneous
bétween fields or between dpys. Differences beﬁeen optical density

measurements for pairs of filters variables (XS to X30) did not improve the

)hc-amogeneity of variance (See Table XI). The variance of optical density

meéasurements seems to be a complex function of crop maturity and overall
f4lm density plus many other variables. Since the regression coefficients
and correlation coefficients were determined by pooled variances and

covariances the interpretation of results must be viewed with caution.

To alleviate this heterogeneity several transformations were tried.

Optical density is the log;q of the inverse of transparency [trans = 1 antilog;g
(optical density)] . Since transparencies fange from .0<t <1 the arc sin
transformation seemed logical. The variances after the transformation were
more heterogeneous. Other transformations tried were: the square root of X,
the cube root of X, the fourth root of X and the log X. None of these

transformations decreased the heterogeneity.



Table XI.--1969 South Dakota corn: Bartletts test of homogenity of variance - chi-square values by dates
and by X variables

OPTICAL DENSITY MEASUREMENTS

Date . DF : :

. :)I‘(Ijéut :L:X2 Red :X3G een:XhBl e :XS X6 .XT X8 ',X9 Xlo

B ral: (- H X H 1 . - - - -

. filter: filter: filter: filter: L X2) (%3 Xl) (X, =X ) (X3Xp): (X,X,): (%, -X3)

- o e e e e e e e e e e = e e e o o e o e o S e e e o s e e e e e e e A mc e cecar e ———-
:

Between fields:

July 31 2 0.12  0.79  T7.74* 1L .35%% 8,33%  5.49 1.78 T.00% .13 1.84
August 12 2 3.61  2.55  9.iex 5.57% 18,58%% 15.,56%% 7,.80% 16.59%% Q.68 3.89
August 15 1 0.68 0.01 6.81%% 6.61»**\7.98** L.79%  6.73%*% 5.,66% .07k 5.13%

- oa-

September 10 : 2 6.66% 0.01 L.2h  8.61% 13.67%% L4.56  11.27%*% T.O1% 12.61%* 8.15%
October 6 - T.25%  T.13%  T.84%  6.75% .38 89 3.59 .12 1.10 5.13

Between days : U 14.28%%179.92%% 16.9T%% 5,15 20.58%% 5h.15k Lo LO®* 34.21% 3h.02%*  L.16

* Significant at 95 percent level..
*¥% Significant at 99 percent level.
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\\) Summary and Conclusions

The August 12 and August 15 photography were at different density levels
than the other dates. No density values were in the overall neutral
density range .75 to 1.50 for any dates or fields. There was a great loss

of yield information when the overall density was less than .T5.

The difference between filter readings of optical density was more highly
correlated to yields in this experiment than individual readings
themselves. But they do not account of the large difference in films
betveen days that was obtained in this experiment. This indicates that

more than one band is needed for yield models.

The final yield showed a stronger relationship to the optical density

:>nasurement than the mumber of stalks ber acre or the mumber of ears per acre.

Since the sample was selected purposely no inference can be made about
using any particular model for an estimate beyond the three sample fields
but the results show that optical density difference and final yield might

be practical if the overall density can be held in the proper range.

The results of the Bartletts test would indicete that the variance of the
optical densities measurements and their pairwise differences are related
to their respective magnitudes. This means that linear regression estimates
will be blased when based on these variables. Since the values larger in

magnitude will over weight a linear model. This experiment demonstrates
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four factors that are important in developing a infra-red photography
system for predicting crop yields. The information contained on the
transparencies are attenuated by over-exposure. The variances of optical
‘density measurements tend to be heterogeneous. The difference between two
filter measurements shows significant improvement over single filter
readings. Infra-red photography images can be digitized by using a

densitometer and processed on a digitital computer.

Instruments for reading optical density are sufficient for yield work.

The MacBeth densitometer has advantages over the Joyce Lobel microdensitracer
in that the latter is harder to calibrate and has more resolution than
necessary, but has the disadvantage of not being able to read the corre-
sponding unit on the ground. Thg MacBeth machine used has a digitized

output and gives more accuracy than the dial type machine.
Need for Further Studies

Overall film density should be studied to find the loss point or curve

since very thin films show much poorer relationships than denser films.

The relationship of maturity of the crop and optical densities needs further
study. The expense and weather dependent qature of serial photography
dictates that we determine the variance and reliability of different
maturity categories. This was one of the objectives of this study but

unfortunately was obscured by the overall film density variation between

days.
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A technique needs to be developed for eliminating the differences in
intercepts by the eddition of another variable or stricter control of the
taking and processing of the photography. The heteroé;ﬁ;i;4;} variance for
the optical densities needs to be eliminated by transformations and/or a
way found to estimate the bias caused by this and/or a non linear model
develpped. Independence between days for individual optical densities

should be established or denied.
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1969 South Dakota Corn

APPENDIX A - RAW DATA

Table AI.--1969 South Dakota corn--ground data

T : Num:l £ NumbY2 . mm{g £ Num%he ¢ Y11r51d

. . er o : er o H T O M I O M e,
Fleld | Semple | stalks/A. : stalks/A. : earsfA. : ears/A. : Bu/A.

: July 24 : Oct. 8 : Aug. 20 : Oct. 8

X : 1 4,522 4,677 4,054 4,366 56.0
(Madison) : 2 7,304 8,163 2,578 7,733 Lo.4
: 3 4,488 4,488 1,208 4,661 L3k

. 7,333 9,452 5,370 8,593 76.4

: 5 6,050 6,885 5,633 6,676 83.0

: 6 6,139 6,985 L ,022 6,562 50.3

I 5,478 5,639 1,772 5,317 47.1

: 8 5,63k 5,469 3,811 h,oma 55.1

Y T 1 6,811 6,811 1,977 6,591 sk .8
(Madison) : 2 4,966 5,164 199 5,164 46,6
03 4,215 5,227 5,56k 5,564 66.6

: b 5,940 6,289 2,uli6 6,114 68.5

: 5 4,167 4,500 167 4,500 35.7

: 6 3,731 3,731 170 3,901 4.5

I 6,015 6,015 430 6,659 58.5

8 3,679 4,761 216 4,761 b4

7 I | 8,258 9,987 9,411 8,066 112.9
(Redfield) ¢ 2 9,984 6,893 8,795 8,320 83.8
¢ 3 10,208 6,728 - 9,048 8,120 91.8

i 8,816 7,656 - 10,208 8,352 ol,1

5 9,992 10,723 10,966 11,210 T3.4

6 8,529 10,235 9,260 9,007 122.5

T 8,220 8,906 12,331 9,591 136.0

8 7,555 9,504 9,748 9,504 103.5




Table AII.--1969 South Dakota corn - optical densities
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Flight = July 31 - Aero infrared film

Field Sample Neutral Red Green Blue
filter : filter : filter filter
X 1 1.8850 1.6800 2.2500 2.9050
2 1.9000 1.6950 2.2550 2.9200
3 1.9850 1.8650 2.2300 2.8950
. L 1.9150 1.6900 2.2700 2.9200
: 5 1.8200 1.6150 2.2050 2.7200
. 6 1.8000 1.5900 2.2050 2.8650
. T 2.1150 2.0050 2.2900 2.9450
; 8 1.8500 1.6250 2.2600 2.9100
Y . 1 2,2450 2.1700 - 2.3350 2.9600
. 2 2.3500 ©  2.3200 2.3750 2.9650
. 3 2,1900 2.0800 2.3500 2.9400
. L 2.3400 2.7500 2.4000 2.9850
5 2.2650 2.1950 2.3550 2.9600
6 2.2450 2.3200 2.2050 2.8950
7 2.4200 2.3700 2.4450 3.0150
8 2.4600 2.4550 2.4100 3.0000
Z 1 0.9150 0.5T00 1.5850 2.1400
2 0.8850 0.5200 1.6050 2,3150
3 0.8650 0.4850 1.6300 2.3850
A 0.8950 0.5350 1.6200 2.3600
5 1.0800 0. 7400 1.8100 . 2.6050
6 1.0850 0.7500 1.8200 2,6300
T 0.9500 0.5750 1.7050 2.4750
8 1.0250 0.6600 1.7950 2.6250




Table A-III.--1969 South Dakota corn - optical densities
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Flight - August 12 ~ Aero Infrared film

Neutral Red Green BRlue
Field Sample filter filter : filter filter

X 1 0.5350 0.2350 1.2775 1.5075
2 0.5350 0.2400 1.3175 1.5075

3 0.5400 0.7450 1.2625 1.4975

L 0.5650 0.1700 1.2925 1.4350

5 0.5400 0.2000 1.4525 1.7700

6 0.5050 0.2225 1.4450 1.7975

T 0.5700 0.2900 1.4475 1.7675

8 0.5350 0.2075 1.3375 1.5450

Y 1 0.5875 0.2100 1.2000 1.4000
2 0.6025 0.2200 1.6000 1.3100

3 0.5900 0.1750 1.2950 1.4750

L 0.5350 0.1900 1.3400 1.5600

5 0.6050 0.2150 1.1700 1.3650

6 0.6175 0.3300 0.8300 0.9200

T 0.6725 0.2200 1.2850 1.525¢

8 0.5750 0.2450 1.1150 1.3450

z 1 0.5050 0.1950 1.1300 1.1750
2 0.4750 0.1800 1.0650 1.1150

3 0.5050 0.2050 1.1100 1.1550

L 0.5000 0.2050 1.0900 1.1200

5 0.5350 0.2150 1.1800 1.2800

6 0.5450 0.2250 1.1800 1.2900

7 0.5250 0.2050 1.1800 1.2450

8 0.5200 0.2100 1.1650 1.2800
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Table A-IV.=-1969 South Dakota corn - optical densities

Flight - August 15 - Aero Infrared film

Red : QGreen : Blue

: : Neutral

Field | Sample © “oivter i filter : filter : filter
X 1 0.7850 0.4600 1.4150 2.1950
2 0.8600 0.5T700 1.4300 2.2850

3 0.7650 0.5250 1.2400 1.9850

L 0.T150 0.3850 1.3700 2.1150

5 0.7950 0.4450 1.5050 2.3750

6 0.8250 0.5500 1.3800 2.2350

7 0.7850 0.5200 1.3000 2.0700

8 0.7250 0.4150 1.3350 2.0800

Y 1 0.7450 0.4900 1.2850 2.1250
2 0.T600 0.5000 1.2550 2.1050

3 0.7250 0.3900 1.4000 2.2300

4 0.7200 0.4100 1.3350 2.1500

5 0.7150 0.5050 1.0900 1.8702

6 0.5450 0.6000 0.6050 1.0250

T 0.6950 0.4850 1.1050 1.8750

8 0.7050 0.5150 1.0750 1.8750
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Table A-V.--1969 South Dakota corn - opticul densities

Flight - September 10 - Acro Infrared film

3 Neutral Red Green Blue
Fleld 7 Sample filter  : filter filter filter

X 1 1.6150 1.6150 1.7300 2.3100
‘ 2 1.5900 1.7050 1.5900 2.2000
3 1.4650 1.6000 1.4600 2.1200

I 1.6350 1.6650 1.7200 2.3900

5 1.6150 1.7100 1.6550 2.2700

6 1.5950 1.7050 1.6200 2.2900

7 1.5100 1.6250 1.5200 2.2000

8 1.6150 1.6500 1.6950 2.3650

Y 1 1.5750 1.6350 1.6450 2.3200
2 1.6600 1.7050 1.7300 2.4600

3 1.5900 1.6100 1.6800 2.3300

L 1.6850 1.6350 1.8700 2.5550

5 1.3200 1.5300 1.2500 1.8200

6 1.3800 1.5800 1.3100 1.8650

7 1.6500 1.6200 1.7450 2.4600

8 1.6450 1.6600 1.7300 2.4850

Z 1 1.6450 1.5350 1.9450 2.6850
2 1.5700 1.4900 1.8300 2.5800

3 1.5200 1.%150 1.7850 2.5400

L 1.5050 1.4%00 1.7200 2.5200

5 1.9150 1.8500 2.1050 2.8500

6 1.8900 1.8300 2.0700 2.8150

T 1.6400 1.5450 1.9050 2.6950

8 1.9200 1.8300 2.1250 2.8650
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Table A-VI.--1969 South Dakota corn - optical densities

Flight - Oct. 6 - Aero Infrared film

: Neutral : Red ¢ Green : Blue
Flela | Sample filter : filter : filter : filter
X 1 2.0100 2.0750 2.0350 2.6950
2 2.1400 2.2400 2.0900 2.7350
3 2.0300 2.0850 2.0300 2.6450
I 1.8400 2.0100 1.7900 2.4450
5 2.2100 2.3700 2.1050 2.3000
6 2.2150 2.3550 2.1150 2.7850
7 2.0900 2.1700 2.0650 2.6100
8 1.8850 2.0350 1.8450 2.4800
Y 1 1.9250 2.0950 1.8750 2.5250
2 1.9250 2.0150 1.9%00 2.5100
3 1.9300 2.0050 1.9550 2.5700
L 1.8100 1.8600 1.8750 2.4550
5 1.8700 1.9400 1.9000 2.4900
6 1.8200 1.9500 1.8200 2.k250
7 1.7700 1.8450 1.8100 2.3950
8 1.6450 1.7000 1.6850 1.9900
Z 1 1.0550 1.2950 0.9650 1.4750
2 1.5150 1.8900 1.3550 2.0450
3 1.6100 1.9550 1.4650 2.2200
4 1.1950 1.4700 1.0850 1.6450 "
8 .

1.8150 2.1350 1.6650 2.4350 @Eﬁ»g}
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APPENDIX B
SOUTH DAKOTA CORN STUDY, 1969

Tables of Ground Data
Y, = Number of stalks/A. July 2k, 1969
Y, = Number of stalks/A. October 6, 1969
Y3 = Number of ears/A. August 20, 1969
Y, = Number of ears/A.  October 6, 1969
Y_ = Final yield Bu./A. October 6, 1969

5
(Forecast for samples 2, 3, 4, Field 2)

Field X Madison Soil and Water Research Farm
Field Y Madison Soil and Water Research Farm

Field Z Redfield Irrigation Research Farm

Table B-I: Means

Variable : Y : Y : Y

Y, Y

field 1 : 2 : 3 b 2

(o00) (000) :  (000) (000) Bu./A.
X . 5.8685 6.4697 '3.5560 6.1099 56.462
Y : b4.9%05 5.3222 1.3960 5.4067 b7.450
VA ; 8.9452 8.8290 9.9708 9.0225 102.250

Overall :

Means : 6.5847 6.8703 4.9743 6.8464 68.721
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Table B-II: 1969 - South Dakota corn - correletions*

Fleld : Y, : Y5 : Y, : Ys
Yy, 79k .818 .898 705
Yo : .72 .933 .T50
Y . 846 874
Yﬁ : .T60

#% A1l highly significant at the .0l percent level.

Teble B-III: 1969 - South Dakota corn - ANOVA Y; (Number of stalks

July 24, 1969)

Degrees : Sums

: : Mean :
Source H of : of : H F value
: freedom : squares : squares :
Between fields: 2 279.8 139.89 27.9 1/
Within fields.: 21 - 105.4 5.02
Tota-looooooooo: 23 385’2

1/ F 6.89 significant at the 99.5 percent level.

Table B-IV: 1969 - South Dekota corn - ANOVA Y, (Number of stalks

October 8, 1969)

: Degrees : Sums : M :
Source : of : of : 8 qzzes : F value
H freedom H —_Bguaresg H .
Between fields: 2 206.1 103.07 1.9 2/
Within fields.: 21 181.0 8.62
Totaleeosoosoes 23 387.1

2/ P 6.89 significant at the 99.5 percent level.
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Table B-V: 1969 South Dakote corn - ANOVA Y3 (Mumber of ears August 20, 1969)

: Degrees : Sums : :
Source : of : of P M:igs : vai e
freedom : squares : u : u
Between fields : 2 1292.5 6h6.2h 62.1 3/
Within fields  : 21 218.6 10.k1
Totall.'.ll.ltih.: 23 - lsll.l

3/ F »6.89 significant at 99.5 percent level.

Table B-VI: 1969 South Dakota corn - ANOVA Y, (Number of ears October 8,

1969) b/
: Degrees : Sums : ) :
Source : of : of : SM§;$és : vaiue
: freedom : squares : q :
Between fields : 2 235.9 117.92 19.6 5/
Within fields : 21 126.2 6.01
Total....l...".l: 23 362.1

4/ September 16, 1969 for sumples 2, 3, 4, Field 2
5/ F 76.89 significant at 99.5 percent level.
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Table B-VII: 1969 South Dakota corn - ANOVA YS (Final yield bu./A.) g

: Degrees Sums : :
Source : of of : Mean : F
:  freedom : squares squeres . value
Between fields ; 2 - 138.15 68.09 19.0 /
Within fields  : 21 76.49 3.64
Total............; 23 214,64
6/ Forecast for samples 2, 3, 4, Field 2
7/ F» 6.89 significant at 99.5 percent level.
) Table B-VIII: 1969 South Dakota corn - Bartlett's Test
Mean Squares
Variable
field : : : :
Yl Y2 Y3 Yh YS
X ; 5.47 12.05 10.19 9.39 2.37
Y ; 5.63 k.12 15.46 L.05 L.26
z : 3.95 9.69 5.57 b.59 4.30
Pooled :  5.02 8.62 10.41 6.01 3.6
X2 (2af) : 0.246 1.886 1.648 1.437 0.711

X2 (2 af)» 4.61 significant at 90 percent level. (None significant)
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APPENDIX C
SOUTH DAKOTA CORN STUDY, 1969
Tables of Optical Densities:
X = Neutral filter X6 = (X3 - %)
X, = Red filter X, = (xh - xl)
x3 = Green filter Xg = (x; - %)
X) = Blue filter x9 = (X, - x2)
X, = (5 - %) X0 = (X - X3)
Table C-I.--Means
: : Variebles
D tFleld: : :
\ ~ : ) : X1 X2 X3 Xy X5 X6 xx , X8 X9 X0
JG{; 31: X 1.91 1.72 2.25 2.88 .19 .3 .98 .52 1.16 .60
D ¢ 2.31 2.27 2.36 2.96 Ol .05 .65 .09 .69 .60
: 2 .96 B0 1.70 2.44 .36 73 1.8 1.09 1.84 .75
:Day 1.73 1.53 2.10 2.76 .20 . 1.0k .57 1.23 .66
Aug. 12' X .5k .23 1.35 1.60 .37 6 1,00 1.13 1.38 .19
Y .60 .23 1.17 1.36 .32 .63 .82 95 1.1h .25
A 61 20 1.1k 122 .31 .62 .69 93 1.00 Noxd
: Day .56 22 1.26 1.44 .34 .69 88 1.03 1l.22 .19
Aug. 15: X .78 A8 1.37  2.17 .30 .59 1.39 89 1.68 .80
D ¢ .70 A9 1.4 1.90 21 A 1.21 66  1.h42 .76
: Day .Th L9 1,26 2.04 .25 W52 1.29 J7  1.55 .78
Sept.10: X  1.58 1.66 1.12 2.27 -.08 .0k .69 -.04 .61 .69
I ¢ 1.56 1.62 1.62 2.29 -.06 Ol 72 -.00 .66 67
A 1.70 1l.62 1.93 2.69 .08 .23 .99 .32 1.08 .76
:Day 1.60 1.63 1.73 2.b2 -.02 A1 .80 .09 .78 .69
Oct. 8 ; X 2,05 2.7 2.00 2.65 =-.12 -.04 60 -.16 L8 64
H Y l.& 1093 1085 2.14'2 “009 002 058 "-07 o,"'9 056
: yA loh‘l" 1075 1.30 1096 e -013 053 'o’"’h 022 066
Day 1.82 1.97 1.78 2.39 =.15 =-.04 .57 =.19 A2 .61
ﬁ : 1.27 1.3 1.62 2.17 .1% .35 .90 .49 1.03 .55




)

-36-

Table C-II.- 1969 - South Dakota corn - optical densities -
correlations** - July 31

# Significant

at the .05 level.

Field f X5 X3 Xy, Xg Xg X7 Xg x9 Xio0
X .998 979 929  -.9% -.9TT  -.964F -9T1  -.969 -.663
Xo 967 916 -.967 -.987 -.970 -.983 -.978 -.658
X3 968 -.873 -.913 -.902 -.903 -.902 -.623
Xi, -.825 -.848 -.797 -.843 -.812  -.L3Lx
X5 .988 .958 994 -.978 610
X5 985 .99 .95  .67T5
X 979 <997 .TT0
X .992 656
Xg 731

¥% A1l correlations significant at .01 level except the one marked *
which is significant at the .05 level.
: Table C-III.- 1969 - South Dakota corn - optical demsities -
j) correlations**® - Aygust 12

Field : Xp : X3 Xy Xs X6 = Xq g+ X X0
p ¢ .315 -.048 099 =-,107T =~.131 081 -2k .0l2 874
x% -.118 056 -.245 -,283 -.007 -.2T1 -.056 JL59%
X3 JO63%% [ QTTHE  QT2HE  QETHE QT5¥% ,OB1#k 052
X L006%%  ,8g5%% gl Qo1  ,988%* 233
Xg J991¥%  g26¥* Og6¥  953%k - .03k
Xg L921%%  ,gggik  QhBw% - 063
X7 L9243k 99Tk 206
Xg J951%% - 054
Xg .158
#* Significant at the .01 level.
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., |

Table C-IV.--1969 South Dakota corn - optical densities - correlations¥#* August 15

X5 Xy X, X5 Xg Xq Xg Xq X1
Xy -.033  .BuB¥ BT3Mk  Thowk STO3%® T9B¥x  To3%  TB7**  Boliwx
X5 -.538%% - Lohx . GBTH -.TO9¥% - 601% . TOh** -, 628%x -.349
Xy i 982k LQTuRK  TIHE QTSR QTTHK  .gTgRk  .B35wx
X, L962%*  .93B%K g1k g51¥*  9BTH*  gohwk
X .981%%  ,978¥x 993k . 9Bg¥k B30
Xg ¢ LO961%% QTR QTIHR TE2HK
x,r : T3 ,908¥X g10O**

Xq ¢ . .982** . 791 *¥*
: ' .8go%x
)"9= %

¥ Significant at the .05 level
#% Significant at the .0l level
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\j}able C-V.=--1969 South Dakota corn - optical densities - correlations¥* September 10

X, X, X, X; Xg Xo Xg Xg X0
Xy LTHI¥E QOg*E . B56%k  ,628%%  .516%% 53k 573X 575 Lg3ex
Xp : HOO*  .306  -.058 -7 -.B0  -.121 111 -.063
X3 i .98k 88THE  B26#k  ,Bo3¥x  BEL¥*  .B55%*  T10WK
X, : LT LB65#%  Bo5%x  Bo6wr  .glokx  Bolwx
Xg ; J9T2¥%  955%K  go¥k 982k BOSHx
Xg L968%% ool gTo¥k TglH
X7 .968%% gghx .920%%
Xg 98T*%  Bokwx
.887*x

¥ Significant at the .05 level
#* Significant at the .0l level
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‘Table C-VI.-~1969 South Dakota corn - optical densities - correlations** October 6

% %2 X3 Ay X5 X6 7 Xg X9 X10
Xy ; LOuokx Q78 9Bk 53T7%% .267 .582%%  L3T* CTLT** .298
X, ; 856%%  .g36%% 20h -.052 LS9k 115 .500% .539%
X, : 6o Go1mx  h62%  L5TBME  .Glowx  LBokwe .15k
X, | .501% .2TL LTeS** AT TTee L6
Xg .909%%  .199 .985%% 82g%* - LoOw
Xg : 193 O6THE [ TEL¥* - 560%*
X, .201 TL3** . TOS**
Xg . 819 - 530%
.052

* Significant at the .05 level
¥%* Significant at the .01 level
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Table C-VII.--1969 South Dakota corn - optical densities - correlations** all dates

X5 X3 Xy, Xg Xg Xq Xg Xg Xi0
Xy .981%% ,888%x Bshak _ GoOo¥* - 800k - L36¥k -, TELMK -, 5T8%k L 56%%
X, ) JTOLH% T82%% - 81k . 8gowk - ,520%% - BEBxX - ,601%* Lig3ex
X3 ' L926#* - 298%% - 136k - .102 -.383%% -.193 Lo3wx
X, -.356**» - h469%%  -,093 -7 -,090 . T1LO**
Xg : 969%%  .TOg¥% 98wk BBT**  -.33L¥
Xg JTA9*E gk B81¥k - 360%
Xq LToOME 95k (372
Xg B0k - .350%k
}(9 .103

* Significant at the .05 level
*¥* Significant at the .01 level



Table C-VIII.~-1969 South Dakota corn - optical densities:

41-

filter

ANOVA X, neutral

Source D. F. Sum of Squares Mean Squares F
Between days L 69.634 17.4085 8.681%*
Between fields 9 18,047 2.0052 83.87T7**
within days
July 31 (2) (15.399) 7.699
August 12 (2) ( 0.378) 0:016
August 15 (1) ( 0.052) 0.003
September 10 (2) ( 0.181) 0.090
October 6 (2) ( 2.328) 1.164
Between samples 103 2.462 .02k 45,261 %%
within fields
Within samples 117 .062 .001
Total 233 90.206




Table C-IX.--1969 South Dakota corn - optical densities:

Lo

ANOVA X, red filter

Source D. F. Sum of Squares Mean Squares F
Between days L 116.179 29.045 10, T6%*
Between fields 9 24,290 2.699 97.389%*
within days
July'él (2) (23.125) 11.562
August 12 (2) ( .005) .003
August 15 (1) ( .oov) .001
September 10 (2) ( .o017) .009
October 6 (2) ( 1.141) .057
Between samples 103 2.854 .028 29.105%*
Within samples 117 111 .001
Totel 233 143,53k

#* Sjenificant at the .0l level
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Table C-X.=--1969 South Dakota corn - optical densities - ANOVA X3 green filter

Source ; D. F. ; Sum of Squares ; Mean Squares ; F
Between days L 25.520 6.380 6.15%%
Betveen fields
within days 9 9.320 1.036 27.T3%*
July¥31 (2) (4 .04k) 2,022
August 12 (2) ( .638) .319
August 15 (1) ( .h16) A416
September 10 (2) (1.048) .524
October 6 (2) (3.174) | 1.587
f?ﬁﬁiﬁ“fiiiﬁies 103 . 3.850 .037 39.32%%
Within samples 117 .110 .001

Total 233 38.800
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Table C-XI.--1969 South Dakota corn - optical densities - ANOVA Xh blue filter

Source D. F. Sum of Squares Mean Squares F
Between days L 56.318 14.079 13.13%%
fﬁ:ﬁiﬁ%ﬁ;ﬁms 9 9.652 1.072 1k . 60w
July 31 (2) (2.5400) 1.270
August 12 (2) (1.8140) .907
August 15 (1) ( .5430) o543
September 10 (2) (1.8500) . .925
October 6 - (2) (2.9020) 1.451
Between samples
within fields 103 T T.567 0Tk 30.03%*
Within samples 117 .286 .002
Total 233 73.823

#% Significant at the .0l level



Table C-XII.--1969 South Dakota corn - optical densities - ANOVA X
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neutral mimis red

5 (x; - Xe)

Source D.F Sum of Squares Mean Squares F
Between days I 7.963 1.991 11.899%*
Between fields
within days 9 1.506 167 27.915%%
July 31 (2) . .8o1) 400
August 12 (2) ( .056) 0283
Aigust 15 (1) ( .056) 561
September 10 (2) ( .253) .126
October 8 (2) ( .337) .168
ﬁ:whiinfiggies 103 617 .006 13.088%*
Within samples 117 054 001
Total 233 10.k0
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Table C-XIII.--1969 South Dakota corn - optical densities - ANOVA Xg (X3 - Xl)
green mimis neutral

Source :+ D. F. Sum of Squares Mean Squares F
Between days L 17.496 L.37h 8.309%*
Between fields
within days 9 4.738 .526 39.371%*
July 31 (2) (3.798) 1.899
August 12 (2) ( .260) :130
August 15 (1) ( .17h) JATh
September 10 (2) ( .361) : .180
October 6 (2) ( .142) 0T
ﬁ;ﬁgnfi:gies 103 C 1377 .013 20.4k15%%
Within samples 117 077 .001
Total 233 23.688

¥ Significant at the .0l Jevel
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Table C-XIV.--1969 South Dakota corn - optical densities - ANOVA Xq Xy - %)

blue mimus neutrsl

Source D. F Sum of Squares Mean Squares ; F
Between days L 10.819 2.705 3.093
Between filelds
within days 9 7.869 874 25 .902%*
July 31 (2) (5.578) 2.789
August 12 (2) (1.112) 556
August 15 (1) ( .259) -259
September 10 (2) ( .886) Lh3
October 6 (2) ( .032) .0163
Between samples
within fields 103 3.4769 034 17.950%%*
Within samples 117 .2200 .002
Total 233 22.3852
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Table C-XV.--=1969 South Dakota corn - optical densities - ANOVA X8 (X3 - X2)

Source D. F. Sum of Squares Mean Squares F
Between days 4 48.815 12.204 9.809%*
Between fields
within days 9 11.197 1.24k 35.0T6**
July 31 (2) (8.095) b .07
August 12 (2) ( .562) .281
August 15 (1) ( .k27) '.h27
September 10 (2) (1.219) 609
October 6 (2) ( .891) Lh5
ﬁ:ﬁiﬁnfi:lfgies 103 3.6533 .036 18.956%*
Within samples 117 .2189 .002
Total 233 63.8840

*% Significant at the .0l level
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Table C-XVI.=--1969 South Dakota corn - optical densities - ANOVA X (Xh - X2)
blue minus red 9

Source ; D. F. ; Sum of Squares ; Mean Squares ; F
Between days 4 31.443 7.861 L, 5TO*
Between fields
within days 9 15.479 1.720 28.286%x
July 31 (2) (10.606) 5.303
August 12 (2) ( 1.657) .828
August 15 (1) ( .556) .556
September 10 (2) ( 2.090) : 1.045
October 6 (2) ( .568) 284
Between samples .
within fields 103 6.263 .061 19.286%%

Within samples 17 .369 ‘ . 00k
Total 233 53.555
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Table C-XVII.--1969 South Dakotz corn - optical densities - ANOVA xlO (X - X3)

blue minus green

Source D. F. Sum of Squares Mean Squares F
Between days 4 11.730 2.933 36.864%x
Between filelds
within days 9 .T16 .080 T 597%*
July 31 (2) ( .176) .088
August 12 (2) ( .343) 171
August 15 (1) ( .008) .008
September 10 (2) ( .117) .058
October 6 (2) ( .o7) .036
Between samples
within fields 103 1.0785 .010 9. 560%*
Within samples 117 .1281 .001
Total 233 13.6528

*% Significant at the .01l level
% Significant at the .05 level
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Number of stalks per

o
il

= Number of stalks per

r°
[

Y3 = Number of ears per A.

Yh = Number of ears per A.
Y5 = Yield Bu. per A.
X3 = Neutral filter
Xo =.Red filter

X3 = Green filter

X), = Blue filter

xs =Xy =X,

X6 =X3 - X,

X7 =Xy - X

X8 = X3 - X2

X9 = Xh - X2

APPENDIX D

A, July 24

A. October 8

August 20
October 8

Optical Densities




Table D-I.--1969 South Dakota corn - correlation X 4 v8 Yy - July 31, 1970 - af 23
Xy P X X3 X, X5 Xg x,} Xg Xg X0
Y, o -.Bs2tt  -.B5gmk  -.Blowk  _.T76%s  LBSkwe  BWBWk  .83omk  .Bsoer  Biswr 7o
Y, - 6TO** -~ TL5%* - 62THE . 5TO** JI51%  Thliee 706w LTUHe T3g%R k=
Y3 ; -.938%* - Ollen -.802%% o BiLax L931%% [ Qlo¥E 923k LOh1#% 933k .608%%
1, I = TOL¥® o T21Me - Ghowx  BOoTex  B06**  .B0o6wx  .Bogx  .B13¥k 528
Y5 ; - T8T** - . 800%* =.T39¥* ., T35%% 821 8o1wx  TSTHX B81o%e  781%% .39T**
Table D-II.--1969 South Dakota corn - correlation Xy vs Y; - August 12, 1970 - df 23
Xy f X, X3 X), x5 Xg o Xg x9 X10
Y -.615% < Lhi3w -.152 -.356 -. 06k -.023 -.328 -.637 -.277 - TT2**
Y, -.h5o% -.bogw .030 -.161 .095 Aaka -.137 126 -.091 -.631 %%
Y3 -.690%% - 581 -.156 -.365 -.068 -.021 -.336 -.036 -.284 - TO6**
Y, -.L83% - . 509%* -.076 -.27h .001 .051 -2l .035 -.196 -. 691 %%
YS -.536%% - TOg** -.004 -.212 .096 k43 -.172 .129 -.118 -, To5%*

* Significant at .05 level
% Significant «t .01 level
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Table D-III.--1969 South Dakota corn - correlation Xy vs Yy - August 15, 1970 - d4f 15
X, X, x3 X, x5 Xg X7 Xg x9 X0
Y . 460 -.230 . Shax .513% L87* .528% . 50u% .515% .502% .39
Y, ¢ 459 -.294 .5T3%* ShT* .528% .569% .5k 8% .556% Sh5* 437
Yy : .38 -.6oORE  TLOWE  LGITH®  L606%k  TOORE  GShEx TG 66g%* 337
Y), ; 413 -.282 .525% .518% L87* .525% .52 * .513% .516% Jhs
Ys : 3k - . 82lx < TOT** T8 Be2%x 881 %k BLTX B78%* 8ol 66gHE
Table D-IV.--1969 South Dakota corn - correlation X1 vs Yi - September 10, 1970 - df 23
Xl X2 X3 Xll> Xs X6 XT X8 X9 Xlo
Yl ; JoT* -.061 Ohoxx .685%% JTOSH* [ T56%% JT50%% SIITEE Th1e Gh3Rk
Y, ; LTOL** .376 LT61%* SThTER LG06%%  616%% - 615%% B16%%  618%x 530%%
Yy LoTRE  -.016 W5k CThHO®X  LTSTER LB1g%X LTTOE  TOSME  TTgRR  ELTH*
Y, : o LOhERx .23k IO LTTTRF L68B%% L6O6%%  LTLI¥*  LGOT**  LTIOM®  Ghowx
YS ; 5L 5¥% -.002 CSTTL** LT96%* B13%  BuTHx .829%* .837%x  B32%x  6Qhwx
% Significant at .05 level
xx 8ignificant at

.01 level

-E’g-
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Table D-V,=--1069 South Dakota corn - correlation X, vs Y; - October 8, 1970 - df 20
Xy X, Xy X, x5 Xg X, Xg Xg X0
Y : -hBOME  -.220  -.616%  LL6* - B3k 805wk 173 -.8LTH% _.TOoo%k 436K
Y, B N G -.635%% - L73%x o, 850%% - B20¥* .,223 -.858%* - 737%%  LO4
Y5 © —.5ToRE 306 - TOB%  -.5hIwe  _ BGix - 808wk ..219%k  -.860%* - Th3¥x  .399
¥, . -.483%  -,.218 -.6188 . L5 .858%% - 803%* -.199 -.855%% - To7e% 413
X, . -.613%% - LDgk - TOL¥*  -,5T6WE -, TOh¥% -.530% -.2LT -.680%% - Gl LT
]
¥
Table D-VI.-~1969 South Dakota corn - correlation Xi Vs Yi - all year - df 108
Xy X, X, X, X X X Xg Xg X109
Yl -.158 -.165 -.059 -.048 151 .220% .218% . 200% 20T* -.025
Y, -. 094 -. 094 -.01k -.001 LOTh 162 156 .128 146 .006
y3 -.170 -7k -.0T1 -.059 .139 .235% L219% .198% .202% -.024
Y, ¢ =17 -.122 -.032 -.017 .01 .187 194 .153 .169 .003
X . .138 -.152 -.032 -.0ok k8 Loo5k .201% J96%  .20T* -.016

* Significant at .05 level
#¢  Significant at .01 level
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APPENDIX E

MACEETH DENSITOMETER TD-102

General Description

The T™-102 is a single-unit transmission densitometer equipped with
four selectable filters for color and visual density measurements

within a range of 0-4.0 density units. Separate mechanical trimming
controls enable precise individual zeroing of each of the selectable

© filters contained in the instrument. The readings taken with the

T™-102 indicate American Standard diffuse transmission density.
Optical System

Optical Geometry: Meets ASA standard PH2. 19-1959 for measuring
diffuse transmission density. ‘

Color filters:

Turret Position Filter Wratten
Red g 92
Green 93
Rlue o4
Visual (neutral) 106

Operation

The T-102 is always turned on s0 no warm up time is involved.
Positive transparencies are placed on the instrument so that
readings may be taken at specific points. These points are
ascertained by location of panel markers in the transparency. A
reading for each turret position or filter is taken without raising
the snout.



1.

General Description

The thermal scanner is an optical-mechanical scanning device with
an InSb detector (filter 4.5-5.5 micrometers). The equipment con-
sists of scan head, detector, preamplifier, gyrostabilization,

control panel, monitor oscilloscope, signal processor, and camera.

The result of this equipment is an infrared heat picture of the scene

stored on ordinary black and white film. The density of the film

has a direct relationship to the temperature of the scene. Calibration
is achieved with a separate instrutment. This instrument is the
Precision Radiation Thermometer.
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