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Ab tract

d n

ormalized Dif erence Veg ati I) r adin

spectral refl ctance sen ors to timat Iorophyll on tr tio .

A field e periment a conducted to inves i ate h bili y u n n

techniques to di criminate between bioma and hIor phylli y I .

and soil fertility were aried as tr atm n with h e p cation th t th r ultin

chlorophyll conc ntrations and bioma Ie el ould b v ri d

The re ults of the field tudy indicated that dry bioma wa highly IT I d to

veg tative coverage and that DVI mea urement w r highly corr la d

content, no combined measure of DVI and vegetative co r provid d a

of chlorophyll concentration. The relation be een percent v g tation coy a (%V )

and dry biomass had correlation of r2 =0.73 for fall 2000 a d 0.98 for prin 2001.

D I reading from the OSU reflectance eosor correlated w II with hlorophyll cont nt

(r2 = 0.89) and chlorophyll concentration (~= 0.74). E timates of chlorophyll cont ot

were divided by estimates ofdry b·omass, to produce e timate of chlorophyll

concentration with low correlation (~= 0.30). Dividing t %VC by t e ·DV al 0

produced poor correlation (~ = 0.39).
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Ana

chloroph II ont nt and to

PHD 600T d e orpro u a

oltage r adings of th Patch n

ph 11

ith r2 = 0.70.

analysis produ d COIT la ion. b pro d P

concentration ith alues ranging fr m r2 = 0.71 to r = 0.51.

one of the me hod e amin d produ

concentra ion estimat s 0 r correlation mad dir ly from n or 1 ul in.

Keyords: sensor, chlorophyll cone ntration, VRT N VI

Introd ction

Both economic and environmental factors provid consis ent imp tu or

impro ing agricultural practices and increasing efficiencies. Application of nitrogen

fertilizer in crop production is a particular practice wher opportuni y xi t to nhanc

efficiency and improve economic impact.

Determination of optimal levels for nitrogen fertilizer application is not a traight

forward process and carries significant risks. Tradi ionally, pre-plant ni rogen

requirements have been estimated by utilizing soil samples or crop-yield lev Is fro

pre ious years. The determined application rate is then applied even y to th field, a d

2



n Idthe rate hanged only b

bomog n ity an I d 0

rna dimini h rop produ hil

n

I i r p niuld b u

impact in luding ni

Ther for , a m od hich ould llo on

concentration at the ime of ~ rtiliza ion in rop ti

manag ment.

In order to amine field nutri nt f q If m n th fi I 01 Yb

smaller pi ces called field el m nt .. A fi Id 1 m n i an r to

ariation in CfOP treatment are mad. olie et a1. (1996) d crib ld

element as the area which pro id th rno pr ci me ur 0 bl n n

where the level of that nutri nt chang s with distanc arch in 01 in r

wheat suggests that variable-rate technology hich u ilize 1 Id elem nt lar r h

1.96 ml\2 would not likely optimize fertilizer inpu s and may pot n ially mi ap ly

fertilizers by utilizing a field el m nt that is too large. Oth r tudi indica h

application of a square meter or submet r field 1 m nt may b prud n .

(1998a) found significant differ nce in mobile and immobil nutri nt wi h oil mpl

less than a meter apart. Using wheat, Chancellor and Goronea (1994) compar d pat'ally

modula ed applications of water nitrogen, and herbicide to blank t appl'ca io . ata

ere collected at one me er intervals, The greate advantages with patially modulat d

applicaion occurred with inputs at the low and intennediat lev 1. h evid c al 0

sugge .ted significant potential for the u i ization of ubmeter ampling and appl·caron

intervals for precision application of water, , and herbicide to maximize yield.

3



ariabl ra 010 m

pI

hidifferential correction (DGPS) may b impro ed to appro ima ly ±l

resolution is insufficient to reap the full b n fi of

is in the one-meter size. Th current yield nl0ni oring y

yield maps, also lack the necessary re olu ion. Most yi ld rno itori ar

installed on combines with Sm or wider head an ha time d lay od grain m'x',

associated wiLh the harvester. These factor lead to yield rno i oring sy with r

from meter-level resolution. Raun et al. 1998b).

Creating a soil nutrient map through soil sampling with me er-lev 1r olu ion

auld require 10 000 oil samples per hectare. Soil ampling at thi r solutio .

economically infeasible (Raun et aI., 1988b). Also, once field data ar ga h r ,

processed and a map of the fi Id created i i use 1only for th year in whic da

ere collected (Stone et aI., 1996a. Sawyer (1994) noted several factor limiting the

effectiveness of map-based VR systems: 1) cost of implementa ion (sampling, mapp 'ng,

4



equ pm n an

. .
Inp sa lUg.

co ts a soil ampling

adju applica ion rat ba d on p

Sensor-ba d ariabl rat

systems and a oidmany of the traditional

feasibility ofs RT sy t fiS has b n d rna d.

the application of nitrogen fl rtilize to at.

re olution fin nough to apply h pr rib d ni 0 n rat

the field.

The relationship between a healthy gr en plant canopy and n r y in th VI

and near-infrared electromagnetic sp ctrurn aHo the no

egetation s atu . Plant pigm nt (namely chlorophyll) h

and blue wavelengths where the plant utilize this n rgy in

In contrast, energy in the near infrared R) spectrum i not u iliz d or photo y

but scattered by the internal structure of the leaf (Thiam, 1998). Th pr ne of i rogen

and chlorophyll are dir ctly relat d. Therefor when t sting for ni rog nat or

chlorophyll may often be u ed.

Molecules absorb and reflect electromagnefc energy in a charact ri .e fa ion.

The pigments in a typically healthy green plant absorb radiant nergy' he bI ear d

portions of the visible pectrum (Jensen, 2000). Chlorophyll a reach speak ab orbanc

at 430nm and 660nm and chlorophyll b at 450nm and 650nm. There is a region of low

absorbance (high reflectance) between hese two set of peaks in the green region of

5



54Onm. Thi high b orban, of blu d r d Ii

absorbed by leaf hlorophy 1and i an i po

al. (1987) demon trat d ha h al hy gr n pi' t, h

isible portion of the ele troma n ti 50 0%

the

A calculated m Iti~band combina ion of spe ifi

spectral differences in plant canapi s and oils i all d

1987), One uch index is the Simple Ratio utiliz d by Birth n Me y (1 )., h

formula for th Simple Ra io is:

SR= NIR
red

(1)

NIR == near-infrar d inten ity (B'rth and M Vey u d 740nm)

red == red intensity (Birth and McVey u d 675nm)

An index offered by Rouse et al. (1974) to separa e gr n v g tatio rom th oil

background is a normalized version of the Simple Ratio formula, the orma i d

Difference Vegetative Index (NDV ):

ND VI = I NIR - I RED

I IR + JRED

I IR = incident near-infrared intensity

I IR = incident red intensity

(2)

V produces a linear scale ranging from -1 to +1, with zero approximati g th

equi alent of no vegetation (Thiam, 1998). DVI is based on r fleeted light that i

heavily influenced by chlorophyll. Chlorophyll a content is mainly detennined by

6



ry

iiB

pI pop rti

ni agen a a'lab'Ii

abse

been corr la

canopy, egeta •i

(Carlson, 1997; S mbiring 199 . L-

grater and is defi ed a th, total of on -' d 1

II

y

n ly lin

brin

area. Fract'onal egetation.co rag is th

egetation in a a-dimes'anal ie fro abov.

LAI and then enters an asymptotic condi ion h r

increases in DVI (Carlson, 1997). Diftl r nc s may b found wh n n 11

vegetati e canopy or approxima ely an LAl value bet en 2-4,

Sembiring (1998) found DVI to b a b t r pr d' 0 plant ni·o n n ot

than nitrogen concentration or bioma . S d' s by Lu 'na e a1. (19 9, 2000) I 0

support DVI as a better predictor of nitrogen cont nt than itrogn c c n r f

itrogen content is the total mass of nitrogen pre ent in the plant v· g ta ion above

ground in the area considered. Nitrogen concentration is the unit rna of nitrog n

present per unit mass of biomass. Using winter wheat Ston tal. (1996a 0 nd a igh

correlation between nitrogen cont ot and plant nitrogen _p ctral index (P, ) in winter

wheat at several different growth stages. 81 i inversely r lated to V. _on et aI.

(1996a) demonstrated the validi y ofsVRT for nitrogen application through the variabl

application rate ofni ogen to winter whea based on P . Tee u t wa a 'cr a e in

nitrogen efficiency" decreased spatial variation, and increased yield when compared to

7



the ndard fi d appli a ion r nm

orr t d u in

eg ta i indo

hn 10

hi h ar b

interest are referr· d to a irradian

inten ity of light reflec ed from h ob a

triking th sam area are reil IT d to

n

ill b

n ho n 0 h

bohth rd n

utilize only r f1 ct d light to al ul t

azimuth (Pinter tal., 1990). Cloud 0

ratio type v g tation indices, such as D

affected (Pinter 1987). Changes in olar angl how r h b n und h

significant ef ect on NDVI reading (Pint r 1993).

Merritt t a1. (1994) utilized reflectance reading to co p n at or in

lighting conditions by estimating the incident r d and I ligh inn it·

reference surface painted with flat white paint

intensities reflected from the plant veg tation. Id ntical pho o-d to

gather red and IR incident and reflected light int n iti . Th photo-d tector ou pu

generated from light reflected from the white pIa e were u d 0 r pr n incid t Ii

intensities. The photo-detector output generated from red light re eet by plant wa

di id d by the photo-d teetor outputs generat d from incident red light refl eted from th

hite plate. Likewise, the photo-detector output generated rom re ec ed wa

di ided by the photo-detector outputs generated from incident he e reflectanc

alues ere then place into the standard VI formula. Merritt e al. (1994) re e to

this a the I equation:

8
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r

By di iding the reft cted light by h iucid n Ii ht 1m

utilized a reflectance-based DVI, in contra to th or

)

based DVI previously described and i troduc d by ou (1974).

A sensor conceptually similar to th on ud in th tu Yby M ITi t l. 1 4

has b en d velap d and utiliz d in ral diffl r nt Okl hom o U)

studies. This sensor has been unofficially dubbed th "0 U Plant tan

since the red and IR reference readings are not taken from a hit pIa ,but rath r rom

a cosine corrected incident light reference sen or aim d at th ky. hi ID· thad prvid

a simultaneous incident light reading for red and IR solar irradianc .

At least two type of spectral-based sensors may be defind: pas iv and ac i .

Passi e sensors rely on the availability of incident light and may b irradoa -ba d or

reflectance-based. An example of a passive sensor would be the 0 U lant e e ta

ensor. An acti e sensor is r moved from dependence on incid nt l'ght by prod coo it

o n light from hich measurement are taken. An exampl of an activ or would b

he WeedSeeker™ PHD600 Manufactured by Patchen nc. Th W e eker M u.·.e l°ght

emitting diodes LEDs) to produce the light from which m asuremen are take. atural

incident light and LED light are separated, and a voltage signal is produced which i

9



rn

hni u

nd

r ...1m

an f1 Iir lated 0 the fr ions of r f1 d

a omparator 0 produ

One chniqu for

Parker (2000) u ed phoo ima ry 0 13C't1n'\Q't~

e amining a s edling side- i ilhou

as found comparable to the aditional Born

diameter. Adamsen t al. (2000) u dolor di

of lesquer lla flow r in experim n al plot . Th

binary image so the value of one r pr s nt d y 110 pi

zero represented black pixels (non-flo r picture bac gro d).

performed to find the percent of pi els in the imag r pre n In hi

produced estimates that w r highly corr lat d with a manu 1fl er un i h

correlation ofr2 = 0.83.

Lukina et al. (1999) used images from a digital cam ra 0 ti at tion

co erage in plots of winter wheat. itrogen concen ration, nitrogen con n, dry bioma ,

and DVI readings were also recorded for each plot. Imag wer ta n with ita

red-green-blu camera and proces d with Micrografx Pictur ubli h r to pro u a

binary image where the vegetation appeared black and the oi background appeared re ' .

From this image, the percent of black pixels in each image was calculat d for ach plot

and used to represent the percent vegetation coverage (%VC) of each plot. rcent

egetation coverage is the percent of a given area that is cov red by veg ta .on in a two

dimensional view from above. Percent vegetation coverage wa found to have a rong

relationship wi h VI (r = 0.81 to 0.98). DV, in ffi, was found 0 have tro g

10



[i ation bi r = 0.71

Lukina et al. (2000) eamind th in

1 .

on In 1irradian nt

y.

11-

hI r phyll

g tation ood p

dry matter (r == 0.32 to O. 1) and ant n r == 0.42 to O.

ika lian and Parker (2000) and u ina t 1.

percent vegetative coverage may be u eful in tim ting th

Total egetative chlorophyll connt i

concentration and egetative mass (Stone et al. 1996b). a

invasi ely estimate the nitrogen cone ntration in a plan nopy h no b n n

demonstrated, though there has been reasonable Stice in non-inva iv ly atin th

nitrogen content of plant vegetative biomass. The abili y to e tilnat biom u ilg

percent vegetation cov rage has also been demon trat d. lllcN cont nt . pr du t f

concentration and biomass, and N content and bioma s may be non-d ru tiv ly

estimated, it is reasonable to postulate concentration may b e timated by utilizing

estimates of content and biomass.

Objective

The objective of this tudy was to investigate non-de tructive e timation 0

chlorophyll concentration in spinach by u iug e timates ofbioma and chlorophyll

content. Biomass as estimate,d from percent veg tation coverage from picture taken by

11



hi

pipr

unit

hia digital in CaIneJra

p rent geta

Re

otal rna s of hlorophyll pr

con idered. Chloroph II on en ion i

bioma .

e hods

Field plots of spinach wer planted in he all of 2000n rln f 200 1

OSU's Bixby Vegetable Research Station in Bixby Oklahoma. idal 0

planted in the fall and San Juan in th pring. The oil wa a v m ery fin y 10 m

with each field having been fallow the previou year. Soil te s i dicat a r idu 1N

Ie el of nine kg ha- 1
• Plots were irrigat d with hand-rna d prinkl r irrig ion.

This experiment was arranged in a randomiz d complet block din, with our

replications. Each replication had two levels and three dif erent plant pacing , or

total of 24 plots. Two nitrogen levels were used to obtain ind pendent ariation of

biomas in the plot and nitrogen concentration in the plant . e App ndi A or plot

layout.

Seeds were planted at a rate of 39 eds to a linear meter with a prior application

of RowneetT for weed control. Each plot was 1.5-m wid and 6-m long, with fou row

spaced O.38-m apart. Once eeds were planted, fertilizer wa app ied to half of the plots

12



th r of 1 0 h -1

pintun£ rtiliz d. In thi

In h fonn of ammonium n° ,

-I

mo

m,h

hr h

12 plot r c i ed no additional

utilized it .a prod nt to plant lar

sprouts ere rerno ed by hand ho . _

stag the plots ere hand thinn d to 1 .7

The e penmen a ondu ted h ··n h °na h ppro

At this point the spinach hich had recei d 140 kg h -1 0

plant spacing of25.4 cm had reached app a °rna ely 75% 0

spinach, which had recei ed no ammoniu nitrat and pInt

reached approximately 400/0 coverage on ea h fa rom h pI

portion was selected and a frame placed ov r the nt r two row . m

were taken, and then spectral readings w r r corded wi th the

Patchen sensor. The appropriate spinach On the fram was then hand cut,ealed in a

polyethylene bag, and placed on ice in a cool r un il all pIo ampl shad b noll t d.

These samples were then transported to facilities in tillwa er or wa hing~ r z' g,

lyophilization, grinding, and chlorophyll analysis.

The OSU Plant Reflectance (08U ) sensor i a pa iv e or that measur

both incident and reflected red and NIR wavelengths, thus allowi g reflectance to b

calculated. R'eflectance is the fraction of incident light reflected by th targ. t d urfac .

A simplified diagram of this sensor may be seen in Figur 1.

13



Figure 1. Simplified diagram of 0 U 1 n

In Figure 2, Ired represents the intensity of in id nt r d light in th i ibl

spectrum which strikes the target. The portion of that ligh which· r fl h

target is represent d by Rred •

,.,
'-'"

Target Plant Surface

Figure 2. Incident and reflected light

The incident light detector assembly on the 0 U Plant Reflectance se or gather _he

incident light. It consists of two cosine-corrected Teflon diffusers, each of w~ ich is

connected to be sensor photo diode filter assembly with two 1/8" x 36" multi rand -ber

14



optic light guid . on for r d and 0 or I

i olat d for a h Ii h gui b

ll

h

through an interfern

an interference filt r ith a Lof?

ich

photo-detectors ar Burr-Bra n OPT-210 ph o-d t and

and matched transcondu tance amplifiers on four ch nn I .

processed through a 10 -nois programmabl gain mpli

and an analog multiplexer to a 16-bi AID onert r. mi fO

sends it to a laptop via a serial port. The laptop usa

captures the data sent from the sensor and sa es it as a t xt til . In ormation av d

includes fOUf inputs: red incident, IR incid nt, re r flect d and N

selected gains fOf each of the fOUf chann Is are also saved with ach fil .

DVI may be calcula cd from this data. The analog prace .sing 1 me t in the n r

are fully optically isolated from the computer with noise levels on the ord r of 2 oun in

a range of 65,535 counts (16-bit converter). Th r flected and incident r ading m

corrected for gain before they are used to calculat DVI. A epa ate "w 't plat ,.

correction factor must also be used to correct for intrinsic diffe ences betw n th

channels due to component and manufacturing variations. T e gain eOIT ction actor

(CF) obtained by measuring the reflectance of a white barium sulfate pia e that ha a

reflectance of nearly 1.0 for the pectral range of in re 1. 'he calibration factor ar

sho n in Table 1.

15



Table 1. Sen or alibration D tor.

Th gain- orr

formula:

for h band r h n I ul u In th In

Rr d = Reflect d R d / GainR d-R
'red = Inciden ed / GainRed-1
R IR = R fl t d IR / Gai IR-R

IR = In ident IR / G in I -I

Once Ired I IR Rr d and R IR ar orr ct d for th ppropri t In

sensor calibration factor may b applied to obtain th r d r fl an (Pr d) nd N

reflectance values (p IR) as follows:

- ere [R red ]pred - r red -I-
red

_ [RN1R ]P IR - CFN1R -J-
NIR

4)

(5)

The reflectance based NDVI (named DI by Merritt et al. ( 994)) is calculat d by u ing

the reflectance calculation pred and PNIR and entering them in the tandard V

equation as follows:

NDVI = PNIR - Pred

PNIR - Pred

(6)

TheHD eedSeeker' manufactured by ate; en Inc., 0 U iah, A i an activ

en or hich produces its own light in the red and

6

energy ban by utilizing I'ght



11em'ttin dio

rna ulati n

ofth modula

oltage ignal hi h i r la

ariable oltag ignal i h n p

outpu on i iug of a high 0 0 olta hu

purpo of pot-spraying g tation.

comparator correlates ell ith DVI r ading from

when applied on a turf target as sho n in Figur 3 ch poin n i

graph repre ents approximat ly n reading and th ir IT r b

0.9

0.1

Coefficient of Variation
0.8 OSU Sensor 1.0%

PhD600 3.8%

~ 0.7 Each point reflects approximately 10 measurements
Z

o 0.6
fA
C
Q)

C/) 0.5
Q)
(.)
c
.B 0.4
(J

~ y =1.5083x - 2.0968
~ 0.3 R2 =0.9572
::J

~ 0.2

1.4 1.5 1.6 1.7 1.8 1.9 2

DET_OUT Voltage from PhD600

Figure 3. Calibration of Patchen PHD outpu voltage with reflectance
OSU Plant Reflectance ensor eedham, 2002).

v 0 the

17



th r . n In

10 0

n or and hD 00 hI h

n or an th h

a ho

nsor toe t nd 0 r th plot hil ngno

observed.

_ J

Figure 4. Side view of sensor cart.
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Figure 5. Top i w of s nsor art.
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' ..... f"'>' r,

The field-of- ie of the OSU ensor at a h ight of on m t r 250 mm lon- th a i

oftra el and 750 mm across the axis of ·ra el. or thi rim nt

was masked to lcm x 1 em and mounted at a h ight of85 cm which g v

view of25.4 cmx 25.4 em at ground lev 1. Reading w r tim -ba rig r d a

of l5Hertz. The sensor was pu bed over the plot at a eonsi nt sp d providi

approximately 60 overlapping readings per plot. Th Patch n n or wa mount d at a

height of 61 em with a field-of-view of I em along th axi of rav 1and 30.5 c acr

the axis of travel. The Patchen detector, a shaft encoder, and a laptop co p ter w re

connected to an 10 Tech data logger which wa used to digi ize he signal from th

Patchen detector with 12-bit resolution. The recording of reading from th atch n wer

controlled by the 10 Tech data logger and trigger d by the haft encoder attach d to th

ca h el which provided non-overlapping reading spaced approximat ly one
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the 10 T h d ta I r 0 di til

n or 0 hd

batt ry. Th iz and p

as a n of lin ar imag n

ere of th ariable 01 g produ d by th

comparator.

/
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;- J

Figure 6. Drawing of plot frame in position.

nt th bin

l
I
I

I
.H ( Cf"l

I
I

I

A plot of known and consistent ize was creat d by placing the plot fame ov r

the area of interest before the measuremen and pictures were aken ( igur 6). h

frame as constructed of 1.27-cm (3/4") PVC pipe having a rectangular hap with

inside dimensions ofO.76-m ide x O.91-m long. Both frame end which lay

perpendicular to the ro ,had a length ofO.076-m x O.76-m white sheet m tal attac ed
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h rizon 11 0 ou Th

fram. ar

au er id s of

Pictur s ith an 01 p

resolution of 1280 9 0 pi nd or d in lP

an aluminum bar and attach d to a 1. -m t r I n

Figure 7. The length of the am arm a adju d

a er the plot when a picture a n.

/
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Figure 7. Ladder tripod center d over plot.

Once the frame and ripod ere positioned, two imag s w r tak nand th

ripod remo ed. The sensor cart was then po itioned to take en or reading. ir t the

passi e sensor was pas ed over the plot and the data aved. he active sen or was then
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p do r pI am di

hi

p

pi h.

readin out id th fr m p

second hit marker and stop 011 id th

acti e s,ensors limit d their ie to th idth 0

Of the two fO insid th contin

by the en or and ha t d for analy i. In th

hile both fO s re har e t dan n yZ_d. it th th 11

experiment was excluded from analy is, sine the d ta bing an ly did not at h th

plant sample taken. The %VC analysis for fall was till u ful, b c

analysis procedure could be modified to include both harv st -d row .

experiment only the row which as observed by h harv

The spinach was harvested for ch mica1 analysis by hand lipp'n at g und I v I wi h

all weed sprouts removed prior to the experiment. The harv t d spinach wa h

placed in a plastic bag, labeled, and excess air remov d from th bag b for d.

It was then placed on crushed ice in an ice che t. Once all th ampl s wer coIl ct d

each sample was hand sifted on a creen to remove any non...v g tativ matt r w ig_h d,

re-bagged, and returned into the ice chest. In th afternoon, the sampl were taken to

Stillwater, Oklahoma where they were refrigerated for processing the following day. h

spinach was washed, freeze dried, and analyzed for chi orophyll content using the

spectropho ometric method of Inskeep and Bloom (1985).

Plot images were processed with Micrografx Picture Pub ish r iDee 0 ly the

image inside the plot frame was of interest, each picture wa manually cropp d to contain

22



anI im in id plo fram . Oni

a ob db

h ob d fO In

lin d i

2.

In t ~ro

reD ren poin for roppin of th

i importan for th ompari on of pI

as stored. A binary imag as cr ated by pr

Table 2. Figure 8 pro ides imag

Cr ation of th binary imag as a pro of m nipul tin il

background in the imag through a lor in 'h

image were manipulated by changing he y 110 hue to r d hi

red. Color saturation was then maximiz d and th imag pli into thr

of hue aturation and ligh ness. The hu imag t d for furth r pro

speckle as applied hich acted a 10 -pa filtering of h imag. urth r I -p

filtering was performed by applying image smoothing at a medi n four 1 v l. A

threshold was then applied turning the image into a black and white binary imag . A

'chroma mask' was generated and saved for th white portion, which repre nt d plan

material in the imag . This rna k a then applied to th original cropp d pictur and

appeared as a rough outline of the spinach plants. Thi ou line wa adju t d wh r ny

discrepancies were observed to match the spinach outline by manually adju -ting the

mask. The spinach plants were now accurately outlined with the rna . The·n id 0 the

mask which represented spinach plant, wa filled with black. he out ide ofth mask

hich represent d non- pinach a filled ith white. This created a binary image where

black represented spinach p ant and white represented non-spinach background. A
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hi o~ m p rfonn

o b found.

th fil

D I r ading .

imported into Eel spread h

ere plott d to sho a graph of Iu

The graph (Figure 9) sho s th anomali

denote the beginning and end boundari of th pIa fr m .
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ImagelEffectsllm
Effe Color Saturation>

to dinEffect I
Hue A justm nt>E

Figure 6, Picture V.

Fills inside of mask with black,
representing plant mass.

<lmage/Ch nnelslHSL>
eli Y s

3a In the Image menu select Chann I ,
then sel ct HSL Clic on th Y
button.

3b Select the H Image.

3c In the 1m menu select E . In
the Image Effec window select
o peckIe. Click Apply Button.

3d In the 1m 9 E ec window select 1m
Smooth. Click on dian. 5 t SUd r to d
read 4. Click Apply Button. Click on
Threshold. Click Apply Button. Click
OK Button.

4a In the Ma k menu select Chroma <Mask/Chroma Mask>
Mask.

4b Select one Color Select button in the
Dialog box. Point a drop tick cursor
on the white part of the image
(representing plant) and click the left
button of the mouse. Click OK button in
dialog box.

5 In Ma k menu, select Save M k. Enter <Mask/Save Mask> saves mas for futur us .
name to be saved as.

6 In FUe Menu, select Close All. Select <File/Close AU>
NO in save changes dialog box.

7a Open original image <File/Open>
7b In Mask menu, select Load a k. <Mask/Load Mask>

Select mask name.

le Mask is imposed over original color
picture. Manually adjust mask to fit
plant. Resave Mask.

Sa In the button toolbar select Color
Swatch button, select the Black button,
click on OK. Select the Fill Tool
button. Select Fill Image button. Click
on imaQe.

8b In the Mask menu select Invert a k. <Mask/Invert Mask>

8c In the button toolbar select Color
Swatch button, select the White button,
click on OK. Select the Flit Tools
button. Select Fill Image button. Click
on imaQe.

8d In File menu, select Save As. Enter <File/Save As>
name to safe modified file as.

g In Map menu select Hi togram. <Map/Histogram>

Fills outside of mask with White,
representing non-plant background.
Figure 6. Picture VI.

A histogram of each band is
computed. Soil and plant related
pixels are counted. Shadow indicates
the percentage of black pixels in the
image, which correspond to the
vegetation.

Table 2. Image proce sing algorithm I.

I The image processing algorithm as executed in icrografx Picture Publisher™ and is expre sed in th
command language of the package.
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Pictur . Original Irna

Picture III. Hue image.

Picture V. Image with mask overlay. Picture VI. ini hed bin ry im

Figure 80 Examples of image proce ing t p a outlin d on abl 2.
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Figur 9. Frame anomaly in passi e sen or data.

The DVI reading tak n within th bound ri oh plo r d

by examining the DVI plot graph, and identifying th fr m anomali

i w for the passive en or i 25.4 em by 25.4 em. h n or r adin i an a r g 0

what is observed in the field of vi w. As the white plate come into vi of the e Of,

he DVI reading will begin to decrea V reading

increases again. A dip [onns in he rDVI graph, whi h i r adily identi abl ( igur 9).

These dips are created in the sensor readings at the b ginning and nd ofth plot. Point

inside the plot frame were selected by vi ually examining the DV graph and el cting

the inner point at hich each white plate anomaly occurs. Data betwen the e points

ere considered to be inside the plot frame. From these data, the refl ctanceDV

alues ere calculat d and averaged to produce a plot average DVI value.
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Figure 10. Frame anomaly in activ sen or data.

Six different methods ere used to examine the active n or data as u

in Table 3. Result ofhicb may be found in ppend'x C. All xamin only

t data points within t e plo frame. The firs met· ad wa to calculat he whole p 0
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01

m f.

m thod ale la d th

r ading n

th mplary m thode By

pos ibl to isola r ading on in'ng pi

Once eparated the numb r of plan d t p in

calc lated and re orded. Thi

graphed against chlorophyll cont n and con nation.

threshold to all plot reading . The thr hold dju

bet een the total number of data poin abo th hr h Id r 11 24

ex mplary method total for the 24 plot . One th thr hold

voltage above the threshold was calculated for each plot and graph d g in t chlor pyll

content and concentration. The fourth method wa i ilar to th third c pt h t an

indi idual threshold a adju ted and applied to ach plot. Th pI t volta w r

graphed against their corresponding chlorophyll concntra ion and chlorophyll on nt.

The fifth and sixth methods inve tigated the ar a under the ell e a d i r la ion to

chlorophyll concentration and chlorophyll cont nt. High r voltag readi g from th

sensor indica e greater pre ence of nitrogen. Al 0, becaus reading fO e ae iv

sensor ere evenly spac d a gr a r numb r of r ading abov th thr hold wo ld te d

to indicate more plant matter. Method five multipli d the averag pI t v ltage above the

fixed threshold by the number of poin above the thresho. ethod ix wa. imilar 0

m thod fi e, but used t e thre hold levels and number of observa ions from he
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ndnplo oJ,indi 'dual thr old m tho. h a e

indi id al thr old

abo fOp

thod

2

3

4

5

6

Table 3. Summary of active en or data proc s in n1 thod .

esu ts and Discussion

This study focused on the e t'mation of chlorophyll cone n 'n pi ach.

Estimates of biomass and chlorophyll content were bas d on informati n from ig'tal

images and the passive sensor. Chlorophyll concentration estimate were al 0 mad from

the readings of the active sensor. These readings were manipula ed with -ix different

methods to investigate ifnitrogen concentration could be es imated from the atchen

s nsor data.

The objec ive of this study was to determine a method of estimating chlorophyll

concentration by utilizing data from%VC (vegetative cover), the pa sive n or, and the

30
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orrela ion be en D and chloroph 11

dry bioma r = 0.7 I fi r fall 000 In

Figur II. Spring 2001 r a ing fr m th

D I and chlorophyll ant ot ofr2 = O. 7 n b

concentration of~ = 0.743.
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Figure 11. Graph howing relation bet e n %V and bio a or all 2000 a d
Spring 2001.

Two different approaches were used to e imate chloro hyll cone ntration

the information provided by th %VC and the pa iv en or DV r adi h If

method utilized estimates of biomas produced by th %V corr lation and hlof phyll

content e timates produced by the VI correlations. The chlorophy I con en e t'mat

was di ided by the biomass estimate providing an estimate of chlorophyll concentatio

(Equation 7). Equation 8 shows the dimensional logic for this m thod.

chlorophyll content estimation hI h II------------=C orop y concentration
bioma estimate

31
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"1--------= In /k
kg

hloroph II

hi hI

1n b

r

concentration. The r u1t pro id d 10

sensor chlorophyll con ntration timat

Data from the acti e en or di

th P

voltage from the Patchen s n or i r lat d to D h

plot was graphed against chlorophyll cont nand concen

A summary of results for the ix da a proc lUg

oltage data may be seen in Table 4. Th corr lation b tw n h 1 pi

readings and chlorophyll cont nt a r2 = 0.805. orr la ion b t

voltage and chlorophyll concentra ion wa r2 = 0.699. h plant plot av rage voltage

produced a slightly increased correIa ion (~ = 0.711). Th fix d thre hold (r = 0.699)

produced resul s equal to the whole plot a erag vol age i h th individ al thr hold r2

= 0.512) area abo fixed thr hold (r2 =0.518) and area above individual thre 01 (r2 =

0.530) producing results with lower carr lations. Graphs may be ound in App ndix .
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Table 4. Correlation ben oltag nd loroph 11 ntr ti
reading.

6 Area Abo
Thr

idual O. 30

2.52.4

y O.6306x .. 0.5288 r' 0.699

1.9 2.1 2.2 2.3

Av ra Plot Vol 9

10.0 j
_ 9.5
a
a 9.0

~.§. 8.5 i

!.2 8.0 ~
~ ~ 7.5

~ ~ 7.0

5 6.5

U 6.0 •

5.5 I

1.82.52.42.32 2.1 2.2

Ave. Plot Voltage

y =341.19x - 633.43 ,-.2 =0.8048

\ .
o _ • t •

1.8 1.9

250 ~

e 200 ~
o
(,)
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(,)~
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~ 100
~
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= 50:E

Figure 12. Graph relating active en or readings to chlorophyll cont nt and
concentration.

The be t correIa io for timating chlorophy conen ration were found with

th simple correlations 0 DV. 0 ignificant correlation were found with method
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chlorophyll conc n a ion (r2 = 0.699).

by di iding estimates from th pa 2

0.303 and r2
= 0.385). Es ima s ith dat romh a

from r2 = 0.512 to 0.7 1.

In

This study reaffirm d th corr lation b n %V and dry bio ou d by

Lukina et a1. (1999, 2000) and Ter- ikaelian and Park r (2000). igh corr 1 ti n [2 =

0.979 for fall 2000 and r2 = 0.731 for spring 2001) a ob e d b w n t % V 0 th

spinach and the spinach dry biomass. Th finding 0 Lukina t a1. 1 9 ,2000)

Sembiring (1998) w re also s pported, regarding NDVI r ading pr du ing a more

accurate estimate of chlorophyll content than of chlorophyll c nc a ion.

eference

Adamsen F. J., T. A. Coffelt, J. M. el on, E. Bam, and . . ·ce. 2000. ro
ecology, management & quality. Crop Sci., 40: 704-709.

Beck, J. 1996. Reduced be bicide age in perennial crop, row crops, fallow la d
and non-agric ltural applicatio s usi g op oelectronic d tee ·on.

AE Paper 0.96... 1758. ndia apo!" , ndiana: AE.

34



B' G.
retllectan(~e

C rl on

Inskeep 11 n b in
-4 .

n Earth Rour

Lukina, E. V., W. R. Rauo, M. L. Ston J. B. oIi, . . John
J. M. LaRuffa and S. B. Phillips. 2000. f£ ct of row pac' growth nd
nitrogen rate on pec ral irradianc in int r wh . J. Plant Nutr.
23(1): 103-122.

Merritt, S. J., K. Von Bargen G. E.M yer, and D. A. Mort n nc
sensor and control system for pot praying. A .A" ap r
St. Joseph, Mich.: ASAE.

Moorby, J. and R. T. B sford. 1983. Min ral nutrition and growth. In En yclopedia of
Plant Physiology New Series, V15b, ed. A. Lauchi and . . i 1 ki,481-52.
Berlin Springer-Verlag.

Munden, R., P. J. Curran, and J. A. Catt. 1994. Th relation hip b tw n r dg and
chlorophyll concentrafon i he Broadba w'n er he t p rim t a
Rothamsted.lnt. J. Remote Sen. 15(3): 705-709.

eedham, D. L. 2002. Per anal communication with author. Stillwat r, OK, 15 April.

Pinter P. J. Jr. 1993. olar angle independence in the rela ion ip be n
ab orbed PAR and remotely en ed data for alfalfa. Remote Sen . Environ.
46: 19-25.

Pinter P. J. Jr. H. L. Kelly Jr. ad. c 11. 1987. Spec ral e ti ation 0

alfalfa biomass under conditions of variable cloud cover. In 8'h Conference on
Biometeoro.logy and Aerobiology. Boston, MA., American Meteorological

ociety Bo ton a ., ept 4-18.

35



Pi

Raun

Rauo

ROll e

Sawyer J. E. 1994. Concept of ariabl rat t chnology ith on id r tion for
fertilizer application. J. Prod. Agric. 7(2): 195201.

Sembiring H. W. R. Rauo G. V. Johnson M. L. ton J.
1998. Detection of nitrogen and phosphoru nutri n t u
u ing pectral radiance. J. Plant Nutr. 2 (6): 1207-12 3.

olie J. B. W. . aun, R. W. Whitn y, M. L. on, and J. D.
Optical sensor based field el ment size and n In tra
application. Trans. ASAE 39(6): 19 3-1992.

n

Stone, M. L., J. B. Solie, W. R. aun, R. W. Whitn y, S. L. aylor, and J. . ·nger.
1996a. Use of spectral radiance for correcting in- ea on fl rtiliz r nitrogen
defici ncie in w'nter wheat. Trans. ASAE 39(5): 1623-1631.

Stone M. L. J. B. Solie R. W. Whitney W. R. a n, and H. L. L e . 1996b. en r or
d tection of nitrogen in win er heat. ASAE Paper 0.96-1757. t. Jo eph,
Mich.: ASAE.

Ter-Mikaelian . T. and W. C. Parker. 2000. E timating bioma of white
spruce seedling with ertical photo imagery. New Fore t 20: 145-162.

Thiam A. K. 1998. Geographic infonna ion system and r mote nsing m tbod for
asse sing and monitoring land degradation in the abel region: the ca 0

outhem auritania.Ph.D. Dissertation. Clark University, Worcester,
A. USA.

36



ood

37

tr.



38



RCi'p 'J
1.-..L- a..-.. -L- --'- ---J ..1.- -J.- ...... ---'

15 n

Rt>p ~ fl 1~ G I 140 5J I 1-40 25.4 I 0 12.7 I 0 25.4 I 0 5.1 I 140 12.7 .1 HO G I
6 t"Iw

\0

c§'
,..,
("D:

>
......
"'Tj

~
tv
0
0
0
~

RCi'p 10-
~

~
R~p 2'-<

0s::
;+-

[" "I :•. )<XX XXX 1.~ M

I I
N Oppli~d P10ni SpoCIl"'\O (cn)

At; Pf TP"j(\('ljt'Q

G-:.Guo,.d



'-' "" Q ~ ...::)

0 0 0 Cl c:>
~ ~ ;!, ....

LIi
g ~

0 c:>

:!.
CD
('\J

~ yj
,... I'
(\j <\i

~

,... .., .....

V) ~ If) ~

~ ~ S'

I' t"- ...
~ wi ~

If)
(\J

~
I"-

~ ~ -1 ;j0

0 0
:!. ~

I' ~

n.i
~r1 ;j ~

C
LI

~~
0 (;) 0 t .~
;!, ;!, :!.

~E :
\.

)It. 1"'~ .....

'"' '"' \,j \,j ~ ~z: w

"~<t w

0 0 0
~

)It. 8::!. :!. ~ ~ 0

c. z
('\J ("'\ ... ~

a.. a. a. Q..
r; " r; .-
lk lk lk Ck.

19ure . 2 pring 200 1 plot layout.

40



NOVI YS. Chlorophyll Content
OSU Spring 2001

°gure B. 1 Reflectance NDVI vs. chlorophyll content (OSU Sensor, Spring 2001 ..
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NOVI VS. Chi Concentration
OSU Spr;ina 2001
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Estimated Chlorophyll Concentration (Est N I Est Biomass) vs. Measured Chlorophyll Concentration
OSU Spring 2001
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Measured Chi Content vs. Whole Plot Ave Voltage
Patchen Spring 2001

2.4

•

2.3

y = 341 .19x - 633.43

,-2 =0.8048

2.2

••

.. .

2.1

Ave. Pa,tchen Voltage
for whole plots

•
•

••

•

2

•

250

200

150:
c:
0
0
:2
0

e 100::a
~ ••Vl •~

50

•••o .
1.8 1.9

11 content vs. whol'e plot a ge Spring 2001).



easured Chi Concentration vs. Whole Plot Ave Voltage
ethod #1, Patchen Spring 2001

•

2.

•

y :: 6.3063x - 5.288
,-2:: 0.699

2.32.2

•

•

•

•

••

10

9.5

9

~
Q)

g 8.5
c
.2
c;;...

81:
~
c:
0
0

~ :E 7.5
0\

0

"i...
::J 7fI)
ns
Gl
~

6.5 -;

"•6~

I •I

I
5.5

1.8 1.9 2

Average Patchen Voltage
for whole plot

Fi M asured chlorophyll concentration vs. whole plot average voltage (Patchen, Spring 2001 ..



Measured Chlorophyll Concentration vs. Exemplary Patchen Voltage
ethod #2, Patchen Spring 2001
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