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CHANGES IN VEGETATION SPECTRA WITH DETERIORATION

OF LEAVES UNDER TWO METHODS OF PRESERVATION
i

: ABSTRACT
Motivated by the needs of a field project to measure spectral manifestations of mineralization

in vegetation, the authors set up an experiment to measure changes in leaf spectra under differing |

methods of preservation over time. The spectral measurements were made using a three band

hand-held portable radiometer which simulatcd three Thematic Mapper (TM) bands —TM3, TM4

and TMS,

Using a procedure identical to that used in Z;II ongoing geobotanical field project, daily spectral
measurements of white oak (Quercus alba) leaves unde. three preservation treatments were made.
The spectral readings over three treatments — fresh, bottled and bagged vegetation - were indis-
tinguishable in bands TM3 and TMS for up to four days after collection. After that time bagged
and bottled samples showed significant increases in reflected energy. This was interpreted as being
related to loss of chlorophyl!l from and dehydration of the vegetation. There was no significant
variation in the reflectance values from TM4 ovcrl p'rcscrvation type for the experimental period.

This was interpreted as indicating the persistence of the air space-cellular interface.
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CHANGES IN VEGETATION SPECTRA WIHTH DETERIORATION
OF LEAVES UNDER TWO METHODS OF PRESERVATION

INTRODUCTION

\ . . ' . .
Portable radiometers which are used to measure reflectance from vegetation in the field

! 1

~employ the sun as a light source, Measurement of this reflected solar radiation even in topograph-

ically simple ur=as is complicated by solar zenith angle, haze and cloud cover, The rescarcher
should try to avoid confounding variation in reflectance associated with these environmental

factors within variation related to the phenomena under study. From an experimental perspective

this can be achieved cither by randomizing the conditions under which measurements are made or

by restricting ourselves to one set of conditions, i.e., “kecping other things constant.” While the
first approach, if successfully applied, leads to more general results, it is an untenable methodology
in ficld experiments as the weather is unlikely to change in a fashion to meet other constraints
(particularly time contrasts) of the experiment, and the resulting error variance may be too large
to permit us to discern other patterns in the data, We altematively may restrict our measurcments
to periods of high zenith angle and relatively little cloud cover, This too can be a serious problem
in remotely located field experiments where ubsﬁ\’altio:\s must be made at regular intervals during
the growing scason. However, on occasions when the conditions prove unsuitable, vegetation may
be transported to another location, stored for a pclliud of time and measured when weather condi-
tions are satisfactory, It must be stressed that removing vegetation from the field has the implicit
assumption that its removal and storage will not significantly change the spectral properties of the

vegetation,

The objectives then of this study were two-fold: 1) to determine how long leaf reflectance
remained unchanged after leaves are collected; and 2) to assess the effects of leaf storage methods
on leaf reflectance. In this experiment two storage methods were evaluated: 1) storing the leaves

still attached to branches which were placed in distilled water; and 2) refrigerating leaves in paper

bags.




The present study was designed to provide infermation to be used in establishing vegetation

_collection procedures for a project studying the reflectance of white oaks (Quercus alba) growing
- on soils in a mineralized region (metal sulfides). Of primary importance to this rescarch is the
|
sensitivity with which we may defect stress in vegetation,
While the samples used in this study were drawn from five white oak trees growing along the

edge of a wooded lot in Greenbelt, Maryland, the results of this study are considered applicable to

© " other hardwood species growing in temperate climates and will provide us with:

(1) the lower limit on the sensitivity of the experimenta! procedure to measure stress,
(2) anestimate of the time period for which one can preserve vegetation, specifically leaves,
and still relate spectral readings from the vegetation to readings made in the field;

(3) a comparison of two simple methods of vegetation preservation,

METHODOLOGY
Daily reflectance measurements of vegetation were made in three spectral bands to determine
what relationship, if any, existed between spectral reflectance and the method of preservation or
the length of storage time. Reflectance nw:nsur‘mhcim were noted for vegetation preserved using
: two methods: 1) refrigerating the leaves in paper bags and 2) placing branches with leaves intact
in distilled water, The reflectance values of the preserved leaves were compared to freshly clipped
vegetation for a period of eight days. Reflectance measurements were made using a three band

hand-held radiometer (Tucker et. al., 1981).

Hand-Held Radiometer

The radiometer used possesses two silicon detectors which have a sensitivity range of approx- J
: imately 0.4 to 1.1 gm and one lead sulfide detector with a sensitivity range of approximately 1.1
to 3.0 um. The spectral range of the device was determined by mounting interference filters in

front of the detectors. The radiometer was configured to mimic three bands of the Thematic

Mapper (I'M) sensor which will fly on Landsat in'l982 ~TM3 (0.63-0.69 um), TM4 (0.76-0.90 um)
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in an orderly manner in paper bags, which were then scaled with tape and carefully (to avoid damag-

all spectral measurenients were taken between 11 AM and 3:20 PM Eastern Daylight Time (10 AM-

©©2:30 PM Solar Time). All the measurements were taken in the principal plane with the sensor

~and TMS (1.55-1.75 pm). The transmission curves for the filters used in this research are given

in Figure 1, These bands are used because of their relation to the chlorophyll content, mesophyll

“structure and HIO content, respectively, of vegetation (Tucker, 1978).

.
Modes of Preservation

The population of leaves used in the experiment was restricted to those from white oaks, the
same species used in our geobotanical study. For reasons of logistics, trees within the confines of
the Goddard Space Flight Center were used. All the cuttings (samples) were second year or older
twigs from five randomly selected trees, The s:s.n'plcs were selected randomly with respect to
orientation (azimuth) and height in the canopy. In all, 48 samples were taken, each containing
approximately 25 to 30 leaves. The samples were randomly divided into two groups:

(1) Leaves from twenty-four of the samples were removed from their branches and placed

ing the leaves) stored in a refrigerator.,

(2) Leaves were left on the branches of the other twenty-four samples. To enhance water
absorption, approximately 3 to § inches of lmrk \.\‘:IS stripped off of the bottom part of each branch.
The branches were then set in clean bottles filled with distilled water. Distilled water had to be

added to cach bottle daily to replace water lost due to evapotranspiration,

In addition to the bagged and bottled samples, fresh samples, cut dail * only minutes before
reflectivity readings were to be made on them, acted as a control on the other two modes of pres-
ervation,

Procedures of Daily Measurements
!

Daily reflectivity measurements proceeded in the following manner. Readings were taken

only under clear weather conditions in direct sunlight. To reduce differences related to sun angle,

-
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: positioned approximately 10° off nadir to prevent casting shadows across the sample, Every day
~two bottled and two bagged samples were selected at random for measurement. The reflectivity
measurements were made in a clearing near the trees which had provided all of the samples, in
~order to insure fresh cuttings for the control rc.adin;;s. Sample measurements were randomized

with respect to the mode of preservation (bagged, bottled, or fresh) to control for potential biases

accompanying the start up of daily experimental procedure and the time of day measurements

were taken,

i )
' The leaves were separated (those in the bottles were removed from their branches) and placed,

]

adaxial surface up, in a monolayer on a 1 foot square, 1/8" thick aluminum plate, so that they

| covered the entire plate. The plate’s surface was painted with a potassium-silica based flat black
paint possessing a very low reflectance over the spectral region which includes the bands examined
here. A second plate surfaced with bariur sulfate was used as a standard (J. Schutt, personal

\

communication, 1980),

Once the sample was prepared on the black plate, a photograph was taken showing the vegeta-
tion annotated with the date, type of preservation, and the replicate number of the sample. A dark
reading, achieved by covering the rechometer’s sensor, was also taken so that drift could be noted
and the lead sulfide detector zezoed. The measurements were made at a height of approximately
20 centimeters (8 inches’ above the plate. Since the field of view of the sensor was 12.5 degrees,
energy from an area of approximately 15.5 square centimeters was measured, Readings were taken
alternately on the leaves and the barium sulfate p:ukl. A pair of readings took approximately five
to ten seconds and several pairs of readings were made in an attempt to minimize instrument

i,
variation. The procedure was repeated for all 6 samples (2 of each mode of preservation),

The actual length of the experiment was 9 days, from September 3 to September 11, 1980,

. The samples to be bottled and bagged were all cut on the 3rd, and the reflectivity measurements
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were taken from the 4th to the 11th, inclusively. No readings were taken on the 5th of September

due to a heavy cloud cover,

RESULTS

N —

Experimental Design y |

The procedure described in the previous section was set up so that the specific questions out-

lined in the Introduction could be answered. To answer thesz questions we set up a statistical
~analogue of the experimental situation. The experimental design is that analogue and its algebraic |
operations are performed using a srocedure known as analysis of variance (ANOVA) - Fisher,

1970. Within the ANOVA procedure the variation in a measurement is partitioned among sources '

of variation, these are equivalent to the subjects of the questions (e.g. date since clipping of vegeta- !

D
tion). The question itself is constructed as two hypotheses (the null and alternative hypotheses)
which are structured to include all possible answers to the question. A decision as to which
hypothesis is more likely correct (which in turn can be translated into an answer to the original
question) is based upon whether or not the source éf variation “explains” significant amounts of
the total variation. In this section we formally describe the experimental design.

'

| In this experiment we have explicitly taken account of two factors (also known as main
effects) ~ day after clipping (date) and type of preservation (type). Since the experiment was
performed on seven days, we say that the date fm‘:tor has seven levels. Similarly, the type factor
has three levels — fresh (fr), bagged (bg) and bottled (bt). For each combination of date and type
level, there are two Icai.' samblcs or replications b(rf.:ps). Measurements of the reflected energy in the‘
bands TM3, TM4 and TMS’ were made on each rep. These measurements are the dependent vari-

" ables for this experiment. Because each level of the date factor occurs in the experiment in com-

e bination with each level of the type factor, the design is known as a factorial design. The construc-
. i - ’
: tion of a factorial design permits us to examine the interaction between the main etfects. The

o

meaning of the interaction effect will be discussed below within the context of specific data analyses.




The problem is then to examine variation in reflectance measurements and assign it to the

date factor, the type factor, the interaction between date and type or some collection of non-
specified effects (the error), The structural form of the relationship between reflectance and the

sources of variation is given by

-— -

Yi;k ue tal v ﬁ; aﬂ:’. €k (1
where:
Y;k is the percent or proportion of reflectance in band ¢ (¢ = 1, 2, 3) for the k'™ rep

(k = 1, 2)subjected to the ith type of preservation (i = 1. 2, 3) and measured on the

MdayG+1,2,...,7;

]

1€ is the overall mean reflectance from band ¢;

3,
4.
a’ are constants subject to the restriction af C and represent the variation con-
i 2
=1

tributed by the i method of preservation to the reflectance in band ¢;

! . ’ » s ’ C E
ﬁf are independently and normally distributed random variables with mecan equal to zero

and variance equal m'ué“) INID (0, (’Zg“.))]. and represent the variation mntlihulcd!
| \ |
| !
by the j'™ date to the reflectance in band ¢; |

af® are NID (0, (2/3) 02, ) random variables subject to the restriction ¥ af.. = 0 for all j, |
1\ (l&k) ‘ 1) ‘
and represents the variation contributed by the interaction of the ith type of preserva- |

tion and the j"' date to the reflectance in band ¢; |

2 ] . . :
f;k are NID (0, 0.°) random variables representing all other unspecified sources of varia-

tion, commonly ca'led the error;

i ,’i’., aﬁu, and €k Are independent.

——
*®
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If we take the expectation over reps for cach treatment and subtract the overall mean (u),

“equation (1) becomes '

ELYS, -] = BV, ) ~af 2

and the variance of Yh'k is given by

Var(Y,, ) - var(j/"m) * 0fo + I adgy, + 0 3)

The problem is now clearly to determine which of the terms on the right hand sides of equations (2)

and (3) are likely to be non-zero. This determination is accon.plished by partitioning the total varia-

tion among the above terms and comparing sum of squares,

In summary:

(1
(2)
(3)
(4)

(5)

(6)

the experimental design is a two-factor factorial design;

the date factor has seven levels and is a random effect;

the type factor has three levels and is a fixed effect;

the presence of a non-zero term among the af's will imply that not all preservation types
have the same effect on reflectance;

the presence of 4 non-zero variance among the ﬁ,.c's will imply that the reflectance changes
with date;

the presence of a non-zero variance among the aﬂa‘s will imply that changes in reflectance

over date are not the same for each preservation type,

Data Analysis

Table 1 gives the results for the two factor-mixed effects-factorial design described in the previ-

ous section. Fach sub-table is an analysis of variance for one of the three TM Bands., The analyses

were accomplished using the BMDP3V program (Jennrich and Sampson, 1979). Computation for

these and all other analyses in this paper werc performed on an IBM 370/3033 computer located at

the Pennsylvania State University. In each sub-table the first three sources of variation correspond

to a;, f; and af; respectively. The important points to note are:
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(1) AN tiucc sources of variation are significant at any conventional a level for TM3 and TMS,

(2) There is no evidence to indicate that the type of preservation o interactions are signifi-
'
cant contributors to reflectance in TM4, Conclusions about the date effect are less

certain, and since we are using an a = 0,02 leve! of significance for individual tests in

Table 1 we conclude tha: date is not signiﬁcant.

If we examine the plots of the treatinent means over date for each type of preservation (see

- Figures 2 to 4), we can develop tentative hypotheses for the results of Table 1. In the figures associ- "

" ated with TM3 and TMS, it appeared that the type of preservation was not an important factor fui
the first fev; days after <lipping. However, as the limc since clipping got longer, the differences

in the reflectance between fresh versus bagged and bottled samples increase. This is the pattern
of variation being captured in the type and date-type interaction terms of the analyses of variance,
TM4 (Figure 3) is considerably more difficult to interpret. Clearly the date effect is significant
and the figure shows that there is an increase in reflectance to the middle of the experiment with
the reflectances of bottle and bagged samples decreasing towards the end of experimental period.
This trend would likely have yielded a Signiﬁcant;in!cluctinn had the experiment lasted longer,

. This pattern will be dealt with further in the Discussion section.

Patterns of variation were examined further by looking at subsets of the data. We first wished
~to rule out that the variation noted was due to environmental effects such as changes in atmospheric

_conditions or systematic changes in the measurement procedure over the experimental period.
. . i

Since the fresh samples were our standard for co:ilpalison and were not subjecied to a period of
deterioration prior to measurement, a significant date effect among these samples would be at-

tributed to external effects, Table 2 demonstrates that there was no significant change in the

reflectance of fresh samples over date for any of the spectral bands. Next, to examine the conjec- -

~ture that there was no difference in the reflectance over the three preservation types for a

finite but undetermined period of time, we examined data for the first three experiment days

—— - .- - —— ——— . —— - - - - - — - — - - —
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: (1, 3, and 4 days after clipping). The results afic .given in Table 3 and we noted that there were

no significant effects in any of the three spcctr?l bands. However, when we examined variation

over the entire experimental period solely in the bagged and bottled samples, (Table 4) we saw '

that the variation in TM3 and TMS was signif‘:céntly different for at least one of the experi-
" ment days. :

! v |

The previous three results lead us to the ldgiéal conclusion that the significant variation

""" found in the date effect is due to the changes i:n the reflectance measurements of the bagged
2 '

and bottled samples from the carly to late po:rti.or; of the experiment. It is clear from the pre-

| vious results that the preserved Samplc reﬂect::ncc does not differ significantly from fresh cutting
responses in the carly stages. The point in time of the change can be determined by setting up

| a series of orthogonal difference contrasts (Dayton, 1970). These contrasts are based upon the
combined means of the bagged and bottled samples over date. The coefficients associated with |
the difference contrasts are given in Table §. -Nkotc that there are six contrasts which correspond

to the six degrees of freedom associated with the date factor. The logic behind these contrasts

is that we step through the experiment days, starting with days 1 and 3, comparing the mean
! i

of all the previous days with the current one. For example, we first compared the combined

mean of bagged and bottled samples for day 1 versus those of day 3, then we combined the

means of days 1 and 3 and compared this new mean to the mean for day 4, and proceed in this
fashion until we were comparing the comhincfi means of day 1 through 7 against day 8. The
coefficients given in Table S5 are the weights by which we.multjplied the means for any given
contrast, Use of the contrasts allows us to orth:ogonally decompose the sums of squares, which -

upon suitable manipulation can be transformed into a t statistic with 21 degrees of freedom
' : i : f
for each contrast. The results of these analyses are given in Figures § to 7. Since we were

pcrforming 6 sequence tests for each band, we have used a Bonferroni adjustment (Fisher, 1970)
' ) | t
to adjust the family *confidence limit (for each band) to 0.05. This means that the a level for

each t test is set at 0.05/6 = 0.0083, which is ac_hi_cvcd by v_.xsi“ng t.(?:'_2 l_,._a‘_=_ 9.008})_ > 2.84, 3

———— - — - e — e —— o ——

URISINAL rAGR 18
BEEr g OF POOR QUALITY [

inm &% x 11




e SPTBY Shwy TG TrERi wr cov el W e e A

R e e =~ e

A BT N R T W s

= personnel at the National Bureau of Standards studied reflectance changes of white oaks under

e : |

A dilSh(‘”d line c.(‘mcs;;(‘mding to this value is plcsc:n! in cach -ﬁ‘gure. We noted that for TM3 and

TMS the first signiZcant t value occurs at contrast three giving a change point between the fourth

and fifth day. Further, there was no significant contrast for TM4 (Figure 6); this was in agreement

with the results of Tables 2 and 4,

Table §
i Orthogonal Difference Contrast Coefficients used in Determining First Change Date,
Coefficients B )
Contrast Y. Y3, Ypa. Yps. Yae. Yy, Yps.
1 1 -1 B 0 0 0 )
2 1 & -2 0 0 0 0
3 1 1 | -3 0 0 0
4 | | 1 1 -4 0 0
S | | | 1 1 -5 0
6 | 1 | 1 | | -6
Discussion

In this experiment we have reported that no significant change occurred in the reflectance
in any of the three spectral bands for clipped leaves with either method of preservation for at least
four days after clipping. Beyond four days, rcﬂcjcm.ncc in bands 1 and 3 fiom bt and bg leaves
increased to the end of the experiment. No statistically significant changes occurred in band 2
reflectance from the three treatments over the experimental period. However, examination of the
“band 2 plot, Figure 3, hints at an initial increase in reflectance, followed by a decline in the reflec-
tance values for the bt and bg samples. Further, the results suggest that leaves placed in paper
: bags have reflectances closer to those of freshly clipped leaves than leaves left on the branches and
placed in distilled water. However, the diffcrcnc;i-s i_n reflectance were not statistically significant,

These results are similar to the conclusions of Keegan et al., 1955a, 1955b. In these reports,

natural drying conditions os stored in metal containers,
) '
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Figure 5. Values of t statistics for the orthogonal difference contrasts from
combined means of bagged and bottled samples for TM3.
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Figure 7. Values of t statistics for the orthogonal difference contrasts from
combined means of bur ged and bottled samples for TMS.
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We may interpret these results using Figure 8 modified from Tucker (1978) illustrating the

~location of the three hand held radiometer bands and the phenomena which dominate variation in
~ regions of the green leaf reflectance spectrum, The first band TM3, (0.63 to 0.69 um) is centered
_on achlorophyll absorption maximum. From the c;nlsct of leaf senescence, about day §, to the

~end of the experime { the reflectance of clippéd samples increased dramatically in TM3. An

increase in reflectance in the visible region is well documented for discased, stressed and senescing

leaves and has been attributed to a breakdown of the chlorophyll pigments in a leaf (Gates et al.,

" 1965; Knipling, 1970, Rabideau et al,, 1946). The second band, TM4, (0.76-0.90 pm) falls within

aregion of the spectrum in which leaf structure governs changes in the infrared reflectance (Gates .

et al,, 1965; Knipling, 1969, Gausman et al., 1970, Sinclair, 1971), Infrared reflectance in the
leaf is due to scattering in the mesophyll layers. In the pallisade and spongy mesophyll the cell

walls act both as reflecting surfaces and boundarys where refraction occurs as the light passes

from air filled cavities into the hydrated cellulose of the cell walls, During the carly stage of
senescence an increase in reflectarce may occur as adjacent cell walls are torn apart creating more
reflecting surfaces (Knipling, 1967). In late stages of senescence, reflectance decreases as cell

walls disintegrate (Knipling, 1969). This would suggest a pattern of reflectance similar to the one

we witnessed, i.e. a slight increase in reflectunce prior to the decrease in reflectance over time.
Band 3, TMS, of the hand held radiometer (1.55-1.75 um) measures infrared reflectance between
two strong water absorption maxima at 1.45 uym and 1.95 um. Above about 1.3 pm leaf senescence

is manifested by an increase in reflectance which is due to e loss of water by the leaf (Myers and

~ Allen, 1968; Thomas et al., 1971). This too conforms to the pattern of variation we see in Figure 4,

: '
In summary, then, referring back to the questions set out in the Introduction:

(1) The measurement procedure used is sensitive enough to discern documented patterns
R )

of variation in reflectance measurements which have been associated with changes in the
.

“ leaf pigments (particularly chlorophyll) and the water content of drying (stressed) or

senescing vegetation,
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(2) We may use reflectance measurements from clipped vegetation for up to four days and

~

be able to directly relate the results to freshly picked vegetation,

(3) Neither of the two methods of proervation was statistically superior. However, the

closer to the fresh samples.
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Figure Captions

Figure 1. Spectral sensitivity of three interference filters used in this study.

Figure 2.

Means of replicated reflectance measurements from TM3 over time by preservation type.

Figure 3. Means of replicated reflectance measurements from TM4 over time by preservation ty pe,

Figure 4. Means of replicated reflectance measurements from TMS over time by preservation type.

Figure 5. Values of t statistics for the orthogonal difference contrasts from combined means of

bagged and bottled samples for TM3.

Figure 6. Values of t statistics for the orthogonal difference contrasts from combined means of

bagged and bottled sarnples for TM4,

Figure 7. Values of t statistics for the orthogonal difference contrasts from combined means of

Figure 8. Spectral reflectance of green leaf vegetation over 0.35-2.50 um (modified after Tucker,

D
; bagged and bottled samples for TMS,
; 1978) showing bands used and dominating phenomena.
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