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ABSTRACT 

The use o f  a i r c ra f t  24-channel mu1 t ispect ra l  scanner data i n  conjunction wi th 
computer processing techniques t o  obtain an automated classi f icat ion o f  p lant species 
associations w i l l  be discussed. The c lass i f ica t ion o f  various p lant  species associa- 
t ions w i l l  be related t o  information needed f o r  speci f ic  applications. 

I n  addition, the necessity o f  mult ip le selection o f  t ra in ing f i e l ds  f o r  a single 
class i n  situations where the study area consists o f  highly i r regu lar  te r ra in  w i l l  be 
detailed. A single c lass i f ica t ion w i l l  be i l luminated d i f ferent ly ,  i n  d i f fe ren t  areas, 
resul t ing i n  the existence o f  mu1 t i p l e  spectral signatures- f o r  a given class. These 
different signatures resu l t  since d i f fe ren t  qual i t ies  o f  radiat ion upwell t o  the de- 
tector from portions that  have d i f f e r i ng  qual i t ies  o f  incident radiation. Techniques 
o f  t ra in ing f i e l d  selection w i l l  be outlined, and a c lass i f ica t ion obtained f r o m  a 
natural area i n  Tishomingo State Park i n  northern Mississippi w i  11 be presented. 

INTRODUCTION 

From ear l i es t  times man has chosen t o  se t t l e  i n  the vegetated regions o f  the 
earth because they best provided f o r  the needs o f  man. For the most part, t h i s  i s  
s t i l l  true today. 

It i s  the radiant energy which i s  ref lected o r  radiated from th is  vegetational 
cover that i s  monitored i n  the acquisit ion o f  remotely sensed data from e i ther  a i r -  
c r a f t  or spacecraft over these land areas. This plant cover can e i ther  be p a r t i a l l y  
o r  wholly natural, such as i n  some o f  our parks and forests, or i t  may be plant types 
which ex is t  solely as a resu l t  o f  man's intervention such as farmlands. 

The plants that are to  be found i n  a given area depend upon many local  environ- 
mental conditions such as so i l  types, r a i n fa l l ,  f rost- f ree period, etc. This aspect 
i s  well known t o  plant ecologists and agronomists al ike, and i s  generally understood 
by the public. For example, one would not expect to  successfully farm cotton i n  
Alaska. Less well understood are interactions of other aspects o f  the ecosystem 
which can be determined through vegetational parameters. As an example, i n  the 
marshlands t o  be found along the Gulf Coast, the s a l t  marsh moquito Aedes sol1 ic i tans 
breeds, and oviposits on so i l  that a t  the t i m e  o f  oviposi t ion i s  notcovered by water 
but i s  per iodical ly inundated by t i da l  action wi th in  these wetlands. These s i tes  o f  
probable oviposit ion can be determined by (plant) vegetational associations as found 
i n  d i f ferent  hydric regimes. As these associations can be separated and c lass i f ied 
when mu1 t ispectral  scanner (MSS) data i s  properly processed, these oviposi t i on  s i tes  
can be determined through the iden t i f i ca t ion  of the plant associations that are found 
thereon. 

Table I gives a few e'xamples o f  some applications o f  vegetational analysi s, 
where th is  analysis i s  based on the acquisit ion o f  r e ~ o t e l y  sensed data. 



The purpose of th i s  paper i s  twofold. One w i l l  be t o  out l ine several c r i t e r i a  
which w s t  be understood and employed i n  t ra in ing f i e l d  selection where d i f f e r i ng  
physical factors wi th in  the s i t e  d ic ta te  the necessi t y  o f  mult ip le t ra in ing f i e l d  
selection f o r  a s ingle class o r  association t o  be properly ident i f ied.  The second 
put pose w i l l  be t o  detai 1 several applications o f  i n fe ren t ia l  c lassi f icat ions derived 
from plant association analysis and t o  discuss several o f  these i n  some depth t o  
bet ter  acquaint the reader wi th the potent ia l  o f  the in fe ren t ia l  method. 

RECOGNITION OF PHYSICAL FACTORS AFFECTING TRAINING 
FIELD SEI-ECTIONS 

Shortly a f t e r  the organization o f  the Earth Resources Laboratory (ERL), the 
problem o f  determining the poss ib i l i t y  o f  c lassi fy ing marsh vegetation arose. This 
inquiry wits the d i r ec t  resu l t  o f  in terest  by local mosquito abatement d i s t r i c t s  and 
by various state agencies responsible f o r  management o f  wetland resources. The 
deta i ls  o f  mapping vegetational associations to  i n f e r  high mosquito oviposi t i o n  r i s k  
s i tes  i s  covered elsewhere (Ci bula 1972). 

The coastal marshlands found i n  par t  o f  Louisiana and Mississippi are par t  
o f  an extensive a l l uv i a l  p la in  which i s  an older port ion o f  the Mississippi Delta. 
This plain, which has l i t t l e  r e l i e f ,  slowly drops toward the Gulf, and i s  close t o  
sea level  over most o f  i t s  extent. 

The plants which are found i n  the marsh are of ten considerably smaller than the 
resolution c e l l  obtained from scanner data. This c r i  terium even holds f o r  MSS data 
obtained from 1220mwhere an individual element i s  approximately being 2.5 X 2.5 
meters (8' X 8'). As th i s  i s  the case, i n  the marsh one of ten f inds that  an element 
w i l l  contain a number o f  individual plants-- in many cases o f  d i f f e r i ng  species such 
as a mixture o f  Juncus roemerianus and Spartina patex.. Addit ionally, the shadows 
o f  the plants also of ten f a l l  w i th in  the element. The lack o f  r e l i e f  i n  the marsh 
contributes to  extremely uniform i 1 lumination over very extended areas. Cons idera- 
t i on  o f  a1 1 these factors produces integrated signatures from each element - often 
the element producing a signature o f  an associational complex. Taken i n  to ta l ,  a l l  
the elements from a wel l  chosen t ra in ing f i e l d  y i e l d  well defined s ta t i s t i c s  wi th 
re la t i ve ly  small divergences. I n  practice, the associations i n  the marsh often 
separate well from each other. 

I n  upland areas, the s i tuat ion described above often does not hold. I n  dissected 
terrains, i t  i s  not unusual to  f i nd  a par t icu lar  association on both sunlighted and 
shadowed sides o f  ridges. Such a s i tuat ion was encountered i n  a study area i n  north 
Mississippi. Tishomingo State Park (Figures 1 and 2) was chosen f o r  a low a1 t i tude 
1220 meters (4000') MSS f l i g h t  to  determine the ef fec t  o f  ter ra in  dissection on plant 
species association c lassi f icat ions.  Figure 3, from an RC-8 color infrared photograph 
taken simultaneously with acquisit ion o f  MSS data shows the d ivers i ty  of i 1 lumination 
types t o  be found. This mission, one o f  a series planned over th i s  area a t  d i f f e r i ng  
seasons, was flown i n  January. The primary purpose o f  th i s  study was to  determine 
the ef f ic iency o f  processing MSS data obtained i n  the winter season t o  separate pine 
from hardwood. The application to  rapid, large area forest  inventory i s  obvious. 

Since i t was recognized that i l luminat ion on pine, hardwood, etc, when on the 
shadowed side o f  a r idge d i f fered i n  both quantity and qual i ty  from these same 
associations on a sunlighted slope, mult ip le t ra in ing f ie lds  were taken o f  each 
association. These separate t ra in ing f ie lds  f o r  each class under d i f fer ing i 1 lumina- 
t i on  conditions were treated as separate classes during c lassi f icat ion,  but were 



color  coded the same color when the display was prepared. The resu l t  o f  several 
classif ications over a res t r i c ted  area I s  shown i n  Table 11. As a comparlson, t h i s  
same area was photo Interpreted and a random dot pattern was used t:, produce the 
acreage calculationt. Fm these acreages f o r  each class, the percentages o f  the 
t o ta l  acreage for that  class were calculated. For the MSS classi f icat ions,  a pro- 
gram t o  compile acreages f o r  each class was used. 

Two obvious discrepancies are obvious i n  MSS c lass i f i ca t ion  I. The percentages 
c lass i f ied f o r  water and f o r  pine were low. Inspection o f  the c lass i f ied product 
showed that  the er ror  i n  water c lass i f i ca t ion  wsu l  ted as much o f  the water ( r iver ,  
lake edges) was i n  pa r t i a l  o r  f u l l  shadow. Choosing addit ional water t ra in ing f l e l ds  
from representative shadowed areas, minimized the problem. This i s  shown with c lassi-  
f i ca t ion  11. (See Figure 4) 

The s i tuat ion wi th  pine was somewhat di f ferent.  From the table, i t i s  evident 
that  the difference between the c lass i f ied pine and the pine which should be classi-  
f i e d  shows up pr imari ly i n  the c lass i f ied category. 

F ie ld  studies i n  areas o f  high disjuncture f o r  pine class1 f i ca t ion  revealed that 
the pines which are unclassif ied are pr imari ly individual pines scattered among hard- 
woods -- a comnon feature o f  the Oak-Pine forest  region (Braun, 1950). 

Further f i e l d  analysis o f  these si tuat ions revealed that  many o f  these pine 
were open crowned. Coupled with th is ,  as the mission was flown a t  a t i ne  o f  year 
when the sun angle i s  low, the shadow o f  the crown f e l l  o f f  to  one side, we1 1 away 
from the base o f  the tree. This meant that  the understory beneath the pine was sun- 
l ighted as the neighboring deciduous trees were leafless. As a r esu l t  o f  both the 
open crowned aspect o f  these trees, and the il lumination o f  the forest  f loor  beneath 
these crowns, the spectral signature seen by the scanner was a composite o f  the 
signature from the pine and that o f  the forest  f loor,  y ie ld ing a signature d i f fe ren t  
from any of the chosen classes. Hence, these pines recorded as unclassif ied. 

To rememdy t h i s  situation, i t  was necessary to select very small t ra in ing f ie lds  
from over a number o f  these individuals, such that  there would resu l t  a su f f i c i en t  
number of elements t o  produce re l iab le  s ta t i s t i cs .  This has been accomplished, and 
w i  11 be reported i n  the future. 

INFERENTIAL CLASS1 FICATIONS 

Xeric vs. Mesophytic s i  tes : Longleaf pine (pinus pa lust r ia)  i s  comnonly found 
along the coastal p la in  i n  theyoutheast. Generally, th i s  pine i s  found growing on 
so i l s  which character ist ical ly are low i n  organic matter (Fowel l s ,  1965). Within 
these constraints, on sandy, well drained and therefore xeric s i tes,  turkey oak, 
blue-jack oak, sand post oak and saw palmetto are found. On moister, and therefore 
more mesophyti c s i tes  , dogwood i s  one o f  the common understory components with 1 ong- 
leaf .  Classi f icat ion and ident i f ica t ion o f  these understory components, also a1 low 
the iden t i f i ca t ion  and location o f  these two d i f f e r i ng  s i t e  types. 

Fusiform Risk Zones : Fl8si form rus t  (~ runar t iwn  fusiforme) an important fungal 
pathogen to  pines i n  the south, cannot be transmitted from pine to  pine. This fungus 
requires an alternate host to  complete i t s  complex l i f e  c~ lc le .  

Aeciospores produced by th i s  fungus i n  infected pine, are released i n  the spring. 
These spores are carried by wind and a i r  currents to  oaks, where they germinate on the 
leaves (Czabator, 1971). About 20 to  35 days a f t e r  germination o f  the aeciospore on 



the oak leaf, the fungus produces t e l l a  on the lower surface o f  the oak leaf .  The 
t e l i a  roduce t e l i os  res which soon germinate t o  prduce sporidia. It i s  the sporf- 
d ia  whfch carry the 0" nfection from the oak to the pine. The sporidia are very sensl- 
t i v e  t o  adverse conditions and quickly lose t he i r  capacity t o  i n i t i a t e  an infection, 
As a result,  the m a x i m  distance thev can t rave l  from an oak t o  in fect  a pine i s  not 
great , 

An ERL project  i s  current ly ". prQgress i n  cooperation wi th  personnel from the 
Gulfport s ta t ion of the Southern E:.periment Station, USFS. Personnel a t  the Gulfport 
Field Station are engaged i n  research to  quantify the distance relat ionship between 
oak and pine to the probabi l i ty  of spor ld ia l  infect ion.  Analysis o f  a i r c r a f t  F1SS 
data i s  i n  progress a t  ERL. A t  t h i s  writ ing, i t  has been Rzmonstrated tha t  oak can be 
separated and c lass i f ied from other forest  species (See Figure 5). The c lass i f i ca t ion  
o f  oak w i l l  be used t o  generate a map whtch w i l l  re la te  a p i ~ r t i c u l a r  area to the proba- 
b i l i t y  of in fect ion i f  pine i s  planted on that  s i te .  

RECOGNITION OF 
STRESS AND STRESS RELATE3 PARAMETERS 

Plants under stress exh ib i t  spectral signatures which are d i f fe ren t  from the 
signature o f  these same species which are not stressed (Weber i% Polcyn, 1972). Stress 
due t o  disease i s  what most often comes to  mind when one considers a s i  tuat ion where 
a plant may be stressed. 

I n  t h i s  paper, I present another aspect o f  stress--that due t o  ~ ~ y c o r r h i z a l  
insuff iciency and how remote sensing can be used to  i den t i f y  these stressed areas. 
The mycorrhizal re lat ionship i s  one o f  a symbiotic relat ionship i n  which the smallest 
order o f  secondary roots o f  a tree are invaded by speci f ic  fungi during periods of 
active root growth (Hacskaylo, 1972) . W i  thout mycorrhi zae, many plants ( i  ncl t ding 
especially important forest  species) could not survive i n  the high competitive biolo- 
gical cotmnunlties found i n  natural s o i l  habitats. 

With reference to  Southern Pire, th i s  relat ionship i s  dramatically shown by 
studies of Vozzo (1971). I n  t h i s  study, slash pine were grown i n  a s i tuat ion where 
the mycorrhizal re lat ionship was not allowed to  be established. This i s  shown i n  
Figure 6. 

A t  the same time, a second group o f  slash pine were inoculated wi th  mycorrhizal 
fungi during the second year o f  growth. A t  the end of a 5-year period, the growth o f  
these inoculated trees i n  shown d i ag ram1  ..ally i n  Figure 7. These two extremes 
show the marked benef i t  o f  t h i s  relationship f o r  southern pine. I n  a competitive 
environment, the pine i n  which th i s  relat ionship was not a t  a l l  established would not 
be able t o  compete and as such would not survive. llnder natural conditions, mycorrhizae 
are usually found wi th in  a l l  forest areas, but the degree o f  involvement 
shown wi th  respect t o  the quantity and speciation varies greatly. 

Whsre th i s  relat ionship i s  developed t o  the maximal extent, we have maximal 
growth o f  pine, where th i s  relationship i s  minimal, we have poor growth and a condition 
o f  increased stress wi th  these pines. 

The reason f o r  th i s  stressed condition i n  areas o f  law mycorrhizal incidence i s  
that  the fungal partner i n  t h i s  relat ionship where established, assists the trees i n  
nutr ient  update, increases so lub i l i t y  o f  minerals from so i l s  that are necessary f o r  
trees, h e l ~ s  to  protect roots against pathogens, moves carbohydrates from one plant 
to  another, produces plant growth hormones and by the coupling o f  the mycelial network 



of the fungus t o  the tree roots, one f inds a greatly increased surface area available 
f o r  water uptitke (Hacskaylo, 1972). This i s  especially important i n  times o f  drought. 

I f  areas could be found where there ex is t  d i f f e r i ng  degrees o f  mycorrhizal 
invo!vement, i t  would then be possible t 3  select these areas as t ra in ing f i e l ds  for  
possible separation by the use o f  the technique o f  computer automated c lass i f ica t ion 
o f  mu1 t ispect ra l  data. These separations would, o f  course, be based on the presently 
assumed differences i n  spectral signature resul t ing from the di.rierences i n  the degree 
o f  fqycorrhizal involvement, These differences i n  spectral signature might we1 l ar ise 
from d i f f e r i ng  stresses that  would be found i n  these d i f fe ren t  areas. 

Since the t ra ln ing f i e l ds  needed would be re la t i ve ly  large ( a t  1200 meters, one 
would need 30 x 30 m. t r a i n i n  f ie lds) ,  f inding areas o f  such size that  d i f f e r  i n  P n\ycorrhizal involvement wou d appear t o  be quite improbable, however, one srrch area 
was located wi th in  the Harrison Experimental Forest, north o f  Gulfport. 

The Harrison Experimental Forest i s  located about 20 miles north of the 
Mississippi Gulf Coast (Figure 8). One o f  the projects currently under investigation 
i s  a f e r t i l i z a t i o n  study involv ing the three species o f  southern pine: slash, l ob l o l l y  
and longleaf pine. The area had been stocked wi th  second growth longleaf pine before 
it was clear cu t  i n  1959. The so i l s  are upland f i ne  sandy loam i n  the Bowie and Shu- 
buta agr icu l tura l  series and are low i n  nitrogen, phosphorus and potassium. 

The slash pines were open pol l inated progenies from two groups o f  f i v e  parents 
each. The l o b l o l l y  pines were open pol l inated progenies from one group o f  f i v e  parents 
and from a second group o f  two parents. For each o f  the pines, the two groups were 
dist ingrished on the basis o f  spec i f ic  gravity; one group having wood o f  high speci f ic  
gravi ty while the second group had trees whose wood was o f  average specif ic gravity. 

For the three species, equal amounts of seed from parents wi th in  each group 
were mixed before sowing i n  a nursery. The one year o l d  seedlings were l l f t e d  and 
row planted a t  10 X 10 foot spacings i n  February and Marc,: 1960. Plots consisted o f  
100 trees surrounded by two rows o f  border trees and were ar-i-snged i n  four replications. 
The 10 treatments (the two wood density classes and f i v e  cu l tura l  treatments) were 
completely randomized w i th in  each rep l i ca t i  on as shown i n  Figure 9. The treatments 
given f o r  each species and each wood density class wi th in  zach species on each o f  ',he 
four repl icat ions are as shown on the following Table: 

TABLE I I I. FERTILIZAT !ON TREATMENT 

1) Cult ivation, no f e r t i l i za t i on .  

2) Cul t ivat ion with 100 lbs N, 50 lbs P205 and 50 lbs K20/acre. 

3) Cul t ivat ion wi th  200 1bs N, 100 lbs P205 and 100 1bs K20/acre. 

4)  Cult ivat ion wi th  400 lbs N, 200 lbs P205 and 200 lbs K20/acre. 

5 )  No cul t ivat ion,  no fe r t i l i za t ion .  



Ikr the control plots, stups, so i l  and conpeting vegetation were undisturbed. 
I n  the cult ivated plots, the plots were disked three times each season fo r  3 years 
af ter  planting and i n  the fourth and f i f t h  seasons, the plots were &. On those 
plots which were fert i l ized, f e r t i l i ze r  was broadcast and disked in to  the so i l  a t  the 
beginning o f  the second season. A l l  plots were sprayed three times w i t h  a Bordeaux 
mixture and DOT i n  both the second and th i rd  seasons. A1 though 14 years have elapsed 
since the single fe r t i l i za t i on  trea-nt, the high fe r t i l i za t i on  plots naw s t i l l  
shim increased growth rates h e n  cangared to  chc non-ferti 1 ized plots. 

I n  an unpublished study i n  th is  sane fe r t i l i za t i on  study area, John Henge 
demonstrated increased aycorrt,Szal involvement i c  those plots which had been f e r t i  1 ized. 
There apparently i s  a relationship between a single treatmnt af  f e r t i l i z e r  and mycorrhi 
zal involvement. 

To examine th is  aspect further, as part o f  the overall Gulf Coast E S  forestry 
investigations, a program was in i t ia te4  to deterwine the differences i n  aycorrhizal 
sporophore counts between f e r t i l i zed  and unfert i l ized plots i n  selected replications. 
The si tes i n i t i a l l y  chosen are indicated by crosshatching i n  Figure 9. Due to  time 
1 imitations, efforts during this i n i t i a l  study period where concentrated on the lob- 
l o l l y  plantings i n  Block IV,  Plots 1 and 4. These i n i t i a l  studies correlate well 
with the observations o f  Mnge as well as correlating extremely well with growth data 
within these plots as reported by Oinus and Schmidtling (1971). 

As part o f  the E N  forestry appl ications program, BUS data from 1220 m. over th is  
forest area was obtained under nearly ideal conditions during May, 1974. 

As input f o r  a classi f icat ion to detennine the possib i l i ty  o f  the subtle 
difference o f  signature which might result  from the f i e l d  observed differences of 
mycorrhizal involvement, the signatures from the pines i n  each o f  the two l ob lo l l y  
plots were used to denote th is  difference. Plot 1 represented a lower incidence o f  
i n v o l v e n t  while Plot 4 represented the higher. 

The classif ication shows a mycorrhizal separation and the areas classi f ied as 
having a hiah mycorrhizal involvement within Plot 4, correlate with f i e l d  data from 
th is  p lo t  which demonstrates that the areas classi f ied as having a high involvement, 
were those areas which produced the highest mycorrhizal spomphore counts. The 
clascif ication results o f  th is  study are shown i n  Figures 10 and 11. 

I n  th is  paper, the author has demonstrated several techniques one can employ 
whereby remotely sensed data from various plant associations can be used to  obtain 
information and classif ication from tCese plant conmunities which relate to  other 
raspects o f  the environment. This inferential approach adds a new dimension to  the 
in:ormation obtainable through remote sensing. 
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TABLE I. SOW APPLICATIONS OF 

VEGETATIONAL CLASS1 FICA1 ;ON 

(1) HAPPING OF SPECIATION AND SPECIES ASU)CIATIONS. 

a) Harsh vegetation inventory and ecol ~ g i c a l  studies. 

b) Forest inventory 

1) speciation 

11) percentage cover o r  crown closure 

c)  Agricultural crop acreage inventory 

(2) INFERENTIAL CLASSIFICATIONS FROM SPECIES ASSOCIATION CLASSIFICATIONS. 

a) Marsh mosquito breeding s i tes  and sa l i n i t y  regimes 

b) Environmental parameters xer i  c vs . mesophyti c s i tes  

c)  Fusiform r i s k  zones as determined by oak-pine d is t r ibu t ion  

(3 )  RECOGNITION OF STRESS AND STRESS RELATED PARAMETERS. 

a) Disease, e.g. fusiform rus t  or bark beetle infestat ion 

b) Mycorrhizal suff iciency o r  insuff ic iency 

c) Temporary water stress 
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Harrison Experimental Forest 
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