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DK-2 Multiple Spectral Plotting

by

R. M. Hoffer and F. E. Goodrick

I. Data Collection

During the summer of 1966, a DK-2 spectrophotometer having data-digitizing
capabilityif was utilized to collect spectra from numerous plant and soil
samples, primarily in the 0.5 - 2.6 um portion of the spectrum. The digitization
feature of this instrument (a Datex encoder) allowed reflectance values to be
recorded on computer punch cards at 10 um wavelength intervals. A limited
number of spectra from various plant and soil samples have been collected since
1966, but since the instrument used did not have a digitization feature, the
reflectance at only a few wavelengths has been digitized.

Most plant samples were obtained from field grown, rather than gréenhouse
grown materials, and represent many stages of maturity as well as many species,
varieties, portions of the plant, and parts of the leaves. It is believed that
all of the above factors affect spectral response. For most of the leaf gsamples,
moisture content was also obtained using the formula:

Fresh Leaf Weight - Dry Leaf Weight
Fresh Leaf Weight

100

M.¢. (in%) =

For about 10% of the samples, microscope slides were prepared of the leaf
cross sections. Table 1 shows the number of spectra cbtained for the various

species and varieties, by date period.

1/

=/ My. Charles Olson, School of Natural Resources, University of Michigan, is
acknowledged for the loan of this instrument system, which is owned by the

Office of Naval Research.
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Soil spectra representing verious soil types, molsture content, and
condition of ped were also cbtained. Since the soil samples had to be inserted
in "semple holders" for the measurement, spectra of natufa& field conditions
(such as crusted soil surfaces) could not be obtained, Table 2 shows the number
of soil spectra obteined for the various soil types and aonditiéns of soil
semples,

These s;@géra, along with the necessary calibration data and the leaf
cross sectionas, comprise the LARS DK-2 data collection. To facilitate the
anslysis of these data, they have been normalized to a full range of 0 to 100%
refiectance, through the use of the calibration curves, and the normalized '
spectra are recorded on e date storage tape (Tape No. 50 in the LARS Tape Files):
Heeder card information hes been recorded in a coded format for each spectral

‘curve. Printouts of this header code information are shown in Appendix A.

II. DK-2 Plot Progranm .

& cemputer program, named "DKZPLT" has been designed to (1) reed DK-2
data from the data storage tape, (2) sort the data into a maximum of 6 groups,
according to sorting conditions specified by the user, (3) average the reflec-
tance at each recorded wavelength interval, and (4) plot, on & sihsle set of
coordinetes, a graph of the averaged spectrel reflectance values for all groups,
as well as frequency histogrems of the moisture content data for eech group.
Figures 1-U show examples of these computer printouts.

The types of parameteéé on which a researcher can sort include species,
variety, plant pa;%, 1ga£ part, date, moisture content, type of measurement

(refiectance or transmittance, from top or bottom of leaf), and if desired,




.

pigﬁeut or soil series name and field designation.2/ After

establishing the experiment and deciding on the various sorifn
criteria, it is recommended that a bK?z Plotter Program Data Card
sheet (Fig. 5) be filled out, using the format shown below. Following
this, the computer cards can be phnchad, and the program run on the

LARS 360/67 computer.

2/ The sorting operatién is designed such that all sorting conditions
must be gatisfied before & spectrum is aceepéed (i.e. condition 1
gﬁﬁueon&itibnlz* and......condition n.) This system is usually
sufficient for most researchers. However, it is possible to add

more complex sorting operations to the progfam, through éhe dsé of
separate subroutines which are specifig for the individual researcher's

requirements.




Card No., 1 (see Fig. 5)

Col. 2 Humber of soriing groups. Maximum = 6; recommended that you
use 4 or less, =0 taat spectra are not on top of each other.

Col. 4 Wavelength interval on plot abcissa. Use 2, (unless you
desire an eiongated printout, in which case use 1).

Col., & Request for listing ofheader card informgtion for selected
data. Usge 0 {mmro) or leave blank. (To suppress this listing,
use 1. " However, this is not recamman&ed.)

Col. 7=11 sSymbols é@ﬁ&gﬂﬁ cad for each group. One character per group.
: adjacent coliumns (Col. 7 = Group 1, Col. 8 = Group 2, etc.).
Any character on keypunch may be used.

Col. 13-80 Comment regarding identification of matariala selected for
comparison (optional).

cit:’:d Ng’s' 2

ok, 2 Number of sorting conditions (usually less than 5). (This
: numbar should be the same as the number of cards for the
gorting erxiteria for each group, which must be the same for
each group.)

Col. 3-10 ng&est gerial number of interast. Punch decimal. Default =
all spectra,

2ol. 11-20 Data zavpe number. Punch Dacimai. Default = Tape 50.

Caxrd No. 3

Cel. 1-80 Title card for Group 1.

e
Col. 1-10 Sorting ecriteria (sse balow)
Col, 11-20 Relaticnal operator (zee bealow)
Colk, 21-30 Specific sorting parameters (see beglow)

Card No. N

Col. 1-80 Title carxd for Group 2.
Card No, N +

¢ol i-10, Col. 11-20, Cel. 21-20 - Sorting criteria, relational operatocr,
and specifie szorting parameter sequence for Group 2.

(Continue this sequence for remaining sorting groups, as shown on sheet
in Plg, 5.)




I1I. Sorting code information

Columns 1=-10 (must use decimal)

Number
Code = Sorting Criteria
1. Serial number
2. Plant Species; or material (eg., soll)
3. Plant Variety, or Soil Texture, or Misc. Expt.
4. Portion of plant or sailrdescription {Ped)
5. Section of leaf or soil treatment (moisture)
6. Year
7. Month
8. Day
9. Moisture content x 10
10, Pigment and material or soil series name
11. Field number 7
12. Type of measurement (reflectance,.tranamittanca, top of

leaf, bottom of leaf, etc.)

Columns 11-20 (must use decimal)

§§§§E£ Relational Operator:
) P ‘ (less than)
2. < (less than or equal to)
3 = (egqual to) -
4. # (not equal to)
5. 2 (greater thaﬂ or equal to)

6. > (greater than)
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Columng 21-30 (must uée decimal)

Specific sorting parameters (only those used are shown)

Numbex Species or . Number Varietv. or Soil Texture
Code Matersal (2.0) Code _ Miso, Expt, (3.0)
1. Soybeans G. Amsoy
1. Harasoy 63
2 Wayne
3 Kent
4. Clark 63
5 Shelby
9 Unknown
2 Corn 0. 5 x 29
R L
2 . Pioneer 3306 single cross
3y, 5 % 63
9. Unknown
k Oats 0. Clinton 59
. Putnam 61
2 Clintland 64
3. Tippecanoe
4. Clintford
9. Unknown
4, Wheat 0. Vermillion
' i Knox 62
2 Riley
3 LaPorte
4. Mornon
5. Reed
€. Redcoat
T Breederis Wheat (7)
8. Breeder's composite (42w)
9. Unknown
5. Soil 0. Sandstone
1 Siltstone
2. Mueck

e ‘Clay Mineral




‘7..

(Continuation of specific sorting parameters, Cols. 21-30)

Yumber Species or : :
Code Material (2.0) Soil Texture or Misc. Expt. (3.0)
6. Soil R eilt
1. - Clay
2 Sandy Loam
3. Silty clay
4, Clay loam
5. Loam
6 . smd
7. Loamy sand
8 Silt loam
8. S8ilty &lay loam
7. Clover : s |
8. Sorghum -
9. Other Materials 0. Sudan Grass
: 1. Backing experiments
2. Whatman paper comparisons
g - Elm leaves
4. Turgidity (water lily}
S. Boiling water (water lily)
6. Sample cover or port experiment
i Apple leaves
8. Weeds
9. Other
{Continuation of speéific sorting parameters, Cols. 21-30)
Numbex Number ! ‘
Cuda Portion of Plant (4.0) or Code Soil Description (Ped) (4.0)
Q. Baze 1, Naturai Ped
4, Middle 2 Crushed sample
8. Top - Solid, rock
2. Unknown :
Parts of Plant 0, 2, 4, 6, 7, 8 available
Number ‘ Number
Code Section of leaf (5.0) or gode Soil Treatment (moisture)
' 0 {5.0)
0. ' Base i Oven dry
4., ‘Middle ' & Alr dry
9. Unknéwn 4. Saturated

9. Unknown




Number
Code

= L - L3 o £ &

®

WO el O AR L B

L]

10.
99,

~ Number
Material Code
Geranium b 1
Col: o8 2
Tuliptree Leaves 3.
-Maple Leaves i.
Elm Leaves B
Apple Laaves 9.
Foxtail
Lamb's Quarters Number
Pigwesed Code
Corn {albino) i
Unknown Lo
2.
35

Color (Predominate Pigmentation;

Green (Chlorophyll)

Bed (Anthocyanin) ,
Deep Red {(Anthocyvanin & Chlorophyll)
Yellow {(Xanthophyll & Carotenoid)
White (no pigments)

Unknown

Moisture Contant (wlilted or normal}
Normal

Wileced
Unknewn

Soil Serieé Name (10.0)

93,

Soil Series Naue

Chalmars Loam

Morocco Sandy Loan
Raub Silt Loam
Fincastle Silty Clay
Miami Silt Loam
Paenbiicke Clay Loam
Xokomo Silty Clay Loam
Martinsvillic ‘Sand
Princeton Sand

Maurne Loamy Sand
Chelsea Loawmy Sand
Maumee Loamy Sand
Penbroke Clay
Montgomery Clay
Kaolinite Clay Mineral
Bentonits Clay Mineral
Muscovite Clay Minaral
Cariisle Much

Unknown

Princeton Silt




Field Number Explanatiensglfarmer field numbers (11.0)

First ﬁigit - Geographic Area

Greenhouse
Agronomy Farm
Sand Farm :
Forest or Orchard
Miscsllaneous
Unknown

o ST

® & ® @ ®» @

Second and Third Digits - Field Number (numerical portion)

*Fourth Digit - Irrigation Treatment- or Direction

1. Irrigated

2. Non-Irrigated
3. North

4. East

5. South

6. West

7. Unknown
%*Except Agronomy Farm Field 31, fourth digit refers to AZ=l, A3=2,
Bl=3, B2=4, B3=5, Cl=6, C2=7, 84‘3 C=3.

, 01d Field Numbers New- Field Numbers 01d Field Numbers New Pield Numbers
(Agronomy Farm) [Agtoncmy Farm) {Agronomy Farm) (Agronomy rarm)

2 2029 S .. 2043
3 . 2039 . LR T 2065
4 2049 . g~ 2063
5 2059 bR 2075
: 7 2079 . . 7B LRSS 2073
13 2139 '16E , 2164
16 2169 428 : 2424
22 2820° U viibaap 2444
23 2239 62E , 2624
33 2339 W . 2036
40 2409 16W - . 2166
41 2419 R | S 2236
51 12519 24W 2246
61 2619 . 33W 2336
62 .. 2629 4aan 2416
63 2639 &y 2426
2B 2023 62W 2626
3A 2035 548 i 2545
38 gl " 558 ' 2555
" 4A : : 2045 53N 2533
7 B e SHEUT L 3M . 2039

41M : 2419




0ld Field Numbers
(Agronomy Farm)

31A2
31A3
31B1
3182
31B3
31C1
31C2
31C4

(Sand Farm)

4N
SF21
SF31
SF41
SF6I
SFE71

- 8F2N

SF3N
SF4N
SF6N
SF7N
SF31

-l

New‘FieI& Numbers
(agronomy Farm)

2311
2312
. 2313
2314
2315
2316
2317
2318

(Sand Farm)

3043
3021
3031
5041
3061
sU71
3022
3032
3042
3062
3072
3319




w1]=

Numbey
Code Type of measurement (12.0)
0. Total reflectance from top (ventral) side of leaf (5° angle)
1. Total reflectance from Bottom (dorsal) side of 1eaf‘{5“a&ngle}
2. Transmittance, radiation entering from top side of leaf
‘ (5° angle)
3. ‘Transmittance, radiation entering from bottom side of leaf
{5° angle) : ‘
4. Total reflectance of soil or rock sampdé, or from top side

of leaf (perpendicular)

IV. Examples :

Figure Elshaws'tha DK~-2 Plotter Progqam Data Sheet filled out for a
sorting sequence to compare green soybeans, air dried clay and air
dried sandy loam soils. The prepared data deck is shown in Figure
6. This deck was usgd to obtain Figures 1 and 2.:

A DR-2 Plotter Program Data Card Sheet prepared to allow a éamparison
of aé&raged spectra for 4 moisture content groups of corn leaves is
shown in Figure 7. The data deck is shown in Figure 8. The results

obtained were shown in Figures 3 and 4.




Table 1.

Table 2,
Figure 1.
Figure 2,
Figure 3.

Figure bk,
Figuré 5.

Pigure 6.
Figure 7.

Figure 8,

List of Tables and Figures

DK-2 8pectra Obtained on Plant Leaves
DK~-2 Spectra Obtained on Soils

Histograms of Moisture Contents for Data Used to Compute Spectral
Averages Shown in Figure 2.

Averaged Spectra of Green Soybean Leaves and Alr Dried Clay and
Adr Dried Sandy Loam Soils.

Histogrems of Moigture Contents for Dats Used to Compute Spectral
Averages Shown in Figure 4,

Plotting of Avera.ged Corn Spectra in 4 Moisture Groups.

"DK-2 Plotter Program Data Sheet“, Filled Out to Obtain Results
Bhown in Figures 1 and 2.

Date Deck Prepered From "DK-2 Plotter Progrem Data Sheet" sho.m
in Figure 5.

"DK-2 Plotter Program Date Sheet", Filled Out to Obtain Results
Shown in Pigures 3 and 4, : '

Data Deck Prepared from "DK-2 Plotter Program Dats Sheet" Shown
in Figure 7.




Table 1. DK-2 Spectra Obtained on Plant Leaves

o e e
——

Early June Early July Early September Late .
Crop Species and Varlety June Flight July ‘Flight August Flight Septl.-Ocl. Total
6/17-6/24  8/21-7/01 /05 7/20-1/38 8/01-8/08  9/11-8/18 9/21-10/67
Soybeans
Amsoy i o s 58 28 a8 U 155
Harasoy 63 e 30 b b3 28 5 Lo 134
Wayne i S e I ST 11 e i1
Kent ¢ SR e e == e 7 e, 7
Clark 63 AR et Eale Lo A 3 i 3
Shelby s=a e s = A5y 3 an 3
Other (] 14 e e 142 s i 182
Total [ “ s 129 219 91 B 495
Corn
PP SX 29 " 30 P 3 e 26 pgre 95
PP SX 9 e 60 gy 84 e 34 6 183
Pio 3306 e 83 =% 83 w 36 oy 202
SX 63 s S e s LI 10 S 10
Other 183 o e 33 =y 2 18 236
Total 183 172 s 39 e 108 f¢ 724
Qats
Tippecanoe Pt 78 it e Lo Ay s 8
Clintford o 69 Slsh e AR Al i 59
———— s — e —— ey ——y —
Total ol 197 = s i ol B 137
Wheat
Vermillion 28 sl e PRy I S e 28
Knox 62 27 = s AN e i AEs 27
Riley 26 10 e e AL e 2 36
LaPorte 28 o i s o s S 28
Monon 26 13 28 2 D e o 66
Reed 31 . Ty i P s i 3l
Redcoat 23 Tl e G e e i 23
Breeder’s Wheat L 36 o AL ol e e 36
Breeder's Composite ) 36 o ke e e e 36
Other == s 28 St e e S 28
U e memena mm— g ——s asrm— —
Total 189 87 53 L (i == o 330
Sorghum h 20 =4 b7 s 20 S o7
Sundangrass e 20 e 50 s 13 s 83
Miscellancous 58 15 18 47 s S 118 252

GRAND TOTAL 434 808 n 622 aie 240 140 2131




Table 2. DK-2 Spectra Obtained on Soils

Treatments
Textural Class
Natural Ped Crushed

Soll Type Samples

& Iiorizon Air Dry Saturated Alr Dry
Sand

Chelsea (A,) 3le 6 Bt
Loamy Sand

Maumee (A,) 7 B Lo
Bandy Loam

Martinsville (Ay) & ] -

Morocco (A,) 7 ] b
Loam

Chalmers (4,) 6 B s
8ilt Loam

Miami (A,) 5 6 e

Fincastle (A,) 3 ] 3

Raub (A,) 6 [ 6
Bilt

Princeton (C) oS e 6
Bilty Clay

Kokomo (A,) b -] s
Clay Loam

Montgomery (A,) 5 it &
Clay

Pembroke (B,) 6 & B
Muck

Carlisle (A,) ] i o
‘Elay Minerals

Bentonlite 8 o =

Kaolinite = S §

Muscovite ik A b
Sandstone 13 o P

» In addition, 26 Natural Ped samples were obtained in &

moist condition.

b In addition, 3 Crushed samples Were obtained in a moist

pgondition.
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Figure 1. Histograms of Moisture Contents for Data Used to Compute Spectral
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Figure 2, Averaged Spectra of Green Soybean Leaves and Air Dried Clay and
Air Dried Sandy Loam Soils.




OK=2 PLCTTER

WISTOGRANS OF

LASCRATORY FDI L 14

PLICA F REMOTE SENSIAG
URDUE UN f?

PHOGRAM

MCISTURE CONTENT (DK-2 WATA)

cLass 1 (1) 9 SAMPLES CORNs 0.1 = 40.0 PEACENT MOLSTURE CONTENT: VAR Sx9.TOP OF PLANT, MID LEBF
PERCENT MOISTURE CONTENT
00000000011 L1 LLE 4L 222222228801 3022000002 0038 TP eyt L R R H e Rt
i ub v A LIRS = i [ Erali sl el Tl
cLass 2z (2) 3 SAMPLES CURNy &D.1 - 53,0 PERCENT MCISTURE CONTENT
PERCENT MOISTURE CONTENT
voguogoooad LILILLLLNEZ2222222201 3323230800230 sssassassszssaseaceaesll1IIIITII00800000080023050%E
1 etk 2 2: 22 Nl F 0
CLASS 3 (3} 20 SAMPLES CORNy, 53.1 = 65.0 PERCENT MOISTURE CONTENT
PERGENT MOISTURE CUNTENT
cegootonngtiInLLLLLZI2E2Ead2ad IR aaaadeteseaLIseaIEIRaNRSELE TR A Y
8 3
3 i’
1 . 333;3;3 3 = Ty
CLASS & (&) 147 SAMPLES CORRe 65«1 = 99.9 PEACENT MOISTURE CONTENT
PERCENT MUISTURE CONTENT
coggo0aoooliiiiitLiiaaazzeazanadaaatadts sl iisatEneeTIseReLe R R
29 4
lu :
7 4
i% b
3 2
H £l s
1 4 &4 4
i 446 44 &
H i |
L] 08 $800800 % s
¢ GR4RARA4444 & &
e L6644 6440A4A4 &
i  fimanag
3 & 4444444444450484 &
i ‘¢444“a¢q~§s4at§q4~4

Figure 3, Histograms of Moisture Contents for Data Used to Compute Spectral

Averages Shown in Figure k.
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Figure 4, Plotting of Averaged Corn Spectra in 4 Moisture Groups.




DK-2 Plotter Program Data Cards

Shown in Figures 1 and 2,

Card To1umn
Number fl1 2 3 4 5 6 7 8 9 101112131k
1 E Xi23]x|2]X ojLic|S X1X @Lﬂon;‘fﬂh’m Jtck,
j1 (cont IAcwi'y .f?)fdeﬂn /ca_,v‘i c»fu)r ..ra:'f, and /cq,m)f s ned m’L
2 l X ‘f- uooouoooo.otuoouoano.cooooououoooono
ritle H Green boan Leaver |
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Figure 5. "DK-2 Plotter Program Data Sheet'", Filled Out to Obtain Results
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Figure 6. Data Deck Prepared from "DK-2 Plotter Progrem Data Sheet" shown
in Figure 5.
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Figure 7. "DK-2 Plotter Program Date Sheet", Filled Out to Obtain Results
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Figure 8, Data Deck Prepared from "DK-2 Plotter Program Data Sheet" shown
in Figure 7.




