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abaxial, 17, 19-20, 71, 98, 118, 123, 128-129, 136, 149, 165,
177, 179-180, 185, 258, 261, 300, 313, 316-319, 365,
388, 406407, 409, 411
ABM, 231, 246, 261, 418, 472
abscission, 23, 183184
absorbance, 59, 64, 112, 144, 150, 343
pseudo, 112
absorptance, xi, 8, 85, 94, 106-107, 127, 129-130, 136-137,
146, 170, 173-174, 178-181, 183, 186, 189, 197,
199200, 202, 211-212, 231, 271, 273, 309-311, 313,
316, 318, 353, 359, 364-366
absorption
band, 8, 11, 54, 58, 62, 64, 66, 68—69, 112, 180, 184, 268,
328-329, 331, 373, 395
band depth, 329, 331-332
band shape, 329
coefficient, 48-49, 51, 56, 58, 84, 156, 174, 232,235-238,
240, 247, 249, 264, 266, 271, 279, 283, 308, 310, 316,
326, 405, 452453
line, 62
peak, 54, 56-57, 6061, 145-146, 181, 280, 310, 371, 391
profile, 118, 143, 165, 167, 174, 183, 238, 242, 245, 307,
311-312, 314, 316
spectrum, 8, 56, 60-61, 64, 67, 113, 147, 172, 332, 364
absorptivity, 84
achlorophyllous, 175, 406
acid
10 16-dihydroxy hexadecanoic, 37
16-hydroxy hexadecanoic, 37, 429
18-hydroxy octadecanoic, 37, 429
6-hydroxykynurenic, 44-45
9,10 18-trihydroxy octadecanoic, 37
abscisic acid, 18, 30
acetic, 306
amino, 22, 197, 413
cinnamic, 58-59, 147
fatty, 16, 37, 409, 428-429
galacturonic, 26, 432-433
gallic, 169
hexadecanoic, 428-429
hydroxy, 37, 429
hydroxycinammic, 32
malic, 20
mist, 206, 208, 212
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Montanic, see octacosanoic acid
nucleic, 127, 183, 197
octacosanoic, 429
oleanolic, 38, 66, 70, 432
organic, 191, 429
palmitic, see hexadecanoic acid
phenolic, 32
rain, 212
salicylic, 219
shikimic, 410
sulfuric, 212, 236
ursolic, 38, 432
acoustic wave, 159-160
adaptive evolution, 189
adaxial, 19-20, 23, 98, 118, 120, 123, 125, 128-129,
132-136, 148-149, 161, 165-167, 177, 179-180, 183,
185, 189, 258, 261, 304, 310-311, 313, 316-318, 388,
406407, 409
ADP, 28, 406
aerosol, 209, 212, 214, 366
air pollution, see acid mist, acid rain, aerosol, carbon dioxide,
methane, ozone, sulfur dioxide
alcohol
primary, 37, 66, 430
secondary, 37, 66, 72, 428-429
aldehyde, 37, 70, 430-431
algae, 12, 385-387, 408, 411, 414, 416
alkyl ester, 37, 426-427
allelopathic, 38, 407
allocation rate, 269
angiosperms, 12, 14, 16, 19-21, 125, 137, 176-177, 380,
407-409, 416-417
angle
acceptance, 118-119
azimuth, 96, 255, 261
Brewster, 72, 79-80, 97, 102, 448
contact, 373-374
critical, xii, 88, 235
incidence, 9, 74, 79, 88, 96, 98-100, 102-103, 109, 114,
125, 132, 160, 231, 240, 243, 252-256, 260, 289, 308,
310-313, 315-316, 376, 411, 447-449, 451
metric hue, 92
of illumination, see incidence angle
of observation, see viewing angle
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phase, 99
refracted, 126, 442
solid, xii, 80-84, 86, 96, 99, 131, 255, 308, 373,
435-436, 439
viewing, 74, 96,99, 102, 107, 124, 132,252,258, 411, 439
zenith, see incidence angle, viewing angle
antheraxanthin, 30, 30, 46, 150, 407, 417, 433-434
anthocyanin, 7, 22, 32-35, 43-45, 58-60, 117, 139, 144145,
167, 179, 182-183, 187188, 198, 226, 236, 270,
274-275, 320-321, 325, 346, 368, 370, 381-382, 389,
398, 407
anthocyanin reflectance index, 182, 325
areola, 177, 407
Aristotle, 1
arsenic, 202-203
artificial neural network, 284, 352-355, 418
artistic leaf, 401
Balla, Giacomo, 403
Escher, Maurits Cornelis, 403
Hockney, David, 401-402
astrobiology, 393-394
astrobotany, 394-396
ATP, 28, 197, 407408, 418
autotrophic endosymbiosis, 385

bacteria, 15, 34, 195, 214,216-217, 219-220, 223, 226, 228,
346, 393, 401
bacterial
degradation, see bacteria
infection, see bacteria
band
center, 330-331
combination, 147, 284, 321, 335
depth, see absorption band depth
emission, 437
ratio, 320, 322, 475
Soret, 54
width, 51, 66
bandpass filter, 120
barium sulfate, 95, 107, 109
Bayesian model averaging, 349
Beer’s law, see Beer-Lambert law
Beer-Lambert law, 162, 171-173, 231-232, 237, 239,
246-247, 266, 307, 311, 452, 455
biconical, 86
bidirectional
reflectance, see bidirectional reflectance factor
reflectance distribution function, 74, 85-87, 94-97, 99,
107, 131-133, 245-246, 251-252, 254-256, 258-260,
265-266, 286, 289290, 307-308, 373, 376-377, 405,
418, 422, 440
reflectance factor, 74, 87, 96-97, 253-254, 308, 418, 441
scattering distribution function, 86-87, 253, 418
transmittance, see bidirectional transmittance factor
transmittance distribution function, 74, 85-87, 94, 97, 246,
260, 308, 418
transmittance factor, 308
BIEN, 471
biodiversity, 12, 192-194, 374, 377-378

biomineral, 172
bionic leaf, see artificial leaf
BIOPOP, 471
biosignature, 396
blackbody
emission, 120, 438
emitter, 155
radiation, 74, 82
spectral radiance, 83, 435
temperature, 83
blue shift, 180, 201, 210, 225, 338
BOREAS, 469
boron, 195, 412
Bouguer, Pierre, 452
BRDF, see bidirectional reflectance distribution function
Brewster, Sir David, 7-8
brown pigment, 35, 60-61, 405
bryophyte, 408

cadmium, 138, 202-203, 381
calcium, 36, 195-196, 198-199, 342, 381, 393, 412
calibration panel, see barium sulfate, Infragold, magnesium
oxide, Spectralon®
Calvin cycle, 20, 28
Calvin-Benson-Bassham cycle, see Calvin cycle
camera, 89, 93, 121, 210, 251, 367, 370, 391, 393
camouflage, 176, 387-392
CANMOD, 375-376
carbohydrate, 19-20, 22, 26-28, 36, 44, 168-169, 325, 346,
396, 408, 410, 417, 431433
carbon
budget, 364
cycle, 366, 380
dioxide, 6, 14, 16, 18, 20, 23, 27-28, 128, 130, 152, 167,
184, 206, 208, 211, 214, 292, 297-298, 300, 316-318,
325-326, 358, 360, 363-365, 396, 401, 414, 469
fixation, 5, 167, 318, 364-366, 415
organic, 28, 31
reduction, 325, 365, 401
sequestration, 111, 404
Carboniferous, 15
carotenoid, 22, 30-31, 40-47, 54, 57-58, 60, 145, 151-152,
179-183, 187-188, 194, 197, 203, 226, 236, 246, 270,
275-276, 280, 283, 285, 320-321, 324, 326, 346,
348-350, 369, 381-382, 398, 405, 407408, 413,
417418, 432434
CCD, see charge coupled device
cell
bundle-sheath, 20
columnar, 179
companion, 20
convex, 134, 309
density, 305
differentiation, 299
division, 16, 198, 299-300, 413
epidermal, 6, 14, 16-17, 33, 60, 103, 124-125, 131,
133-136, 144, 146, 201, 243, 256, 260-261, 266,
303-305, 308, 310, 314, 404405, 408409, 417
guard, 14, 16-18, 138, 304, 416417
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cell (cont.) density, 166, 173
meristematic, 20, 228, 412 distribution, 161, 177-178
meristemoid, 138, 412 functional, 17
oblateness, 261, 304, 308, 310, 464-465 membrane, 28, 206, 310, 465466
palisade, 19, 33, 71, 161, 166, 177, 186-187, 201, 297, movement, 177-179, 297
300, 304-305, 309, 312-314, 404, 409, 411, 413, position, 179
464-466 specialized, 125-126
parenchyma, 5, 19, 159, 298 structure, 29, 139, 146, 161, 204, 416
phloem, 20, 412 suspension, 51, 172
protoplasmic, 187 volume, 177
rod, 384 chlorosis, 197-201, 205, 207, 210-211, 214, 219, 223-224,
sap, 58, 60, 72, 244 367, 381, 408
shape, 135, 146, 161, 166, 179, 185, 192, 230, 241, 243, chromaticity, 89-90, 370
266, 292, 297-298, 300, 302-305, 415 chromium, 138, 202-203
sieve, 5, 20 CIE, 89-90, 92-94
spherical, 179, 235, 240, 316 climate change, 189, 194, 214, 377
spongy, 33, 187, 297, 300-301, 304-305, 319, 409, 467 cobalt, 138, 202-203
subsidiary, 14, 17, 138 coefficient
tubular, 166 absorption, see absorption coefficient
wall, 9, 14, 16-17, 19-20, 22, 26, 34, 36, 46-47, 49, 63-64, attenuation, 159-160
68, 71-72, 125-126, 141, 146, 156, 166, 171-172, 184, extinction, xiii, 49, 155, 239, 452
198, 211, 226, 232, 243-245, 268, 292, 297, 302-307, of determination, 321
404-405, 407413, 415, 417418, 464-467 reflection, see reflection coefficient
xylem, 16, 20, 412, 417 scattering, see scattering coefficient
cellulose, 20, 22, 26-27, 34-35, 43, 49, 64-68, 71-72, 146, transmission, see transmission coefficient
169, 236, 238, 268-270, 276, 281, 302, 341, 349, 352, color
367,404, 408, 411-412, 414, 431-432, 467 chart, 93, 198, 367-369
crystalline, 26, 67, 72, 272, 431 coordinates, 89
microfibril, 125 cryptic, 389-390
chalcones, 33, 408 flower, 5, 7, 124, 127
charge coupled device, 100 infrared film, 224
chemical matching function, 93-95
bond, 48, 268 measurement, 93-94
fingerprint, 348 perception, 89, 381
potential, 24 photograph, 222, 370
chlorenchyma, 19, 161, 175, 408 primary, 89, 92-93
chlorine, 29, 195, 412 space, 89-90, 92, 370
chlorofluorocarbon, 138 variability, 184
chlorophyll, 6-7, 11, 17, 22-23, 29-30, 32, 40-47, 54, 56-57, vision, 93, 383-384
60, 70-71, 113, 116-118, 124-125, 131-132, 137-138, coloration, 124-125, 388-390, 398
143-146, 149-152, 161-162, 166167, 169, 173, colorimeter, 89, 93
179-182, 184185, 187188, 191, 194, 197203, colorimetry, 93
211-212, 226, 236, 238, 247-248, 268-271, 275-279, complex dielectric permittivity, xii, 4852, 121-123, 156,
282-285, 302-303, 305-307, 310, 312, 315-318, 158, 262
320-323, 325-326, 330, 332, 337-340, 343-345, imaginary part, see loss factor
349-350, 352, 356, 366-371, 375, 381-382, 389, real part, see dielectric constant
391-392,394-398, 401, 405406, 408, 413-415,466,468  complex refractive index, xi, 48, 50-52, 63, 256, 270,
fluorescence, see fluorescence, chlorophyll 303, 409
meter, 116-117, 198, 367, 369 imaginary part, see extinction coefficient, attenuation
chlorophyll a, 29, 31, 41, 54-57, 148-149, 183, 224, 236, coefficient
246, 322, 332, 342, 346, 348, 366, 369, 408 real part, see refractive index, index of refraction
chlorophyll a:b ratio, 41-42, 45, 185, 339, 381 condensation, see dew
chlorophyll b, 29, 31, 41, 45, 54-56, 183, 224, 236, 246,322,  condensed tannin, 32-33, 35
346, 348, 366, 369, 408 confocal microscopy, see microscopy, confocal
chloroplast, 16, 19-20, 22, 26-27, 29-30, 35, 43-47,49, 51,  conifer, 14, 16,20-21, 111, 210, 236, 373, 410, 414, 431,
54, 57,7273, 134, 144, 146, 161, 166, 172, 174, 469, 472
177-179, 184, 207, 226, 241, 244-245, 250, 294, 297, needle, 15, 110-111, 143-144, 152, 269-270, 300,
300, 302-304, 306, 311, 315, 318, 365, 378, 385-387, 361, 469
392,397, 401, 404, 408-414, 416, 466, 468 conoscope, 100
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conservation of energy, 6, 84, 357

constructive solid geometry, 300, 419

continuum removal, 197, 212, 328, 331-332, 375

convection, 357, 359-361

convective heat

loss, 363
transfer, 359

convexity index, 316-317

copper, 4-6, 8, 35, 195-196, 200-203, 270, 381, 412

cost function, 258, 284-286, 355

cuticle, 14-17, 22, 36-38, 71-72, 88, 105, 124-125, 127,
131-132, 137, 139-142, 144, 155, 189, 226, 238, 256,
259, 300, 302, 306, 408—409, 426, 430

cuticular membrane, 36, 141-142

cutin, 16, 36-37, 72, 373, 408-409

cytoplasm, 6, 22, 27, 33, 68, 135, 172, 243, 245,
302-303, 409

cytoplasmic pigment, see anthocyanin, brown pigment,
flavone

cytosol, 26, 72-73, 409

Da Vinci, Leonardo, 24, 401
Dark Green Color Index, 370
dark reaction, see Calvin cycle
DART, 375-376
database with leaf optical properties, see BOREAS, EcoSIS,
LOPEX, OPTICLEAF, SPECCHIO, Spectranomics
database without leaf optical properties, see BIEN, BIOPOP,
LEDA, TRY
derivative
first, 83, 146, 168, 185, 197, 204, 211-212, 321, 323, 327,
332-333, 335-337, 339-340, 343, 350, 435
second, 168, 321, 333, 336, 339, 343
design of experiments for simulation, 277, 419
detour effect, 172, 174
dew, 372-373, 403
dicot, see dicotyledon
dicotyledon, 12, 170, 177, 234, 238, 241-243, 245-246, 260,
300, 303, 305, 310, 339, 369, 380, 407, 409410,
414, 418
dielectric constant, xii, 49-51, 53, 121-123, 262
differential sensitivity analysis, see one-factor-at-a-time
sensitivity analysis
diffraction, 53, 258
direction
backward, 99, 119, 133
forward, 119, 133
illumination, 71, 84-85, 94-95, 99, 106, 131, 133, 239,
253, 255-258, 289, 309, 373, 375-377
observation, 82, 84, 94, 99, 131, 239, 253, 255, 257-258,
375,377
viewing, see observation direction
directional-hemispherical
reflectance factor, 87, 95, 106-107, 112, 131-132, 246,
259-260, 286, 419
transmittance factor, 87, 106, 246, 419
DLM, 231, 234, 471
dry matter content, 3940, 118, 147, 269, 275-276, 280281,
283, 307, 326, 345-346, 363, 367, 375, 420, 471
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ecology, ix, x, 11, 15, 22, 176, 269, 366-367, 377, 397, 472
EcoSIS, 470
edaphic factor, see heavy metal, mineral nutrient, petroleum
hydrocarbon, salt
effective
boundary layer thickness, 361
cross-section, 28
dielectric constant, xii, 53—54
medium theory, 52-54, 263
permittivity, 53, 263
refractive index, 53, 264
electric field, 49, 63, 74-75, 78, 80, 88, 239, 442, 444-447
electromagnetic radiation, 48, 50, 63, 74-76, 78, 81-82, 156,
229, 246, 364, 419, 443-444
electromagnetic spectrum, see Gamma-ray, X-ray,
ultraviolet, visible, near-infrared, shortwave-infrared,
midwave-infrared, longwave-infrared, very-longwave-
infrared, far-wave infrared, microwave, radio wave
electronic
level, 54
transition, 48, 54, 302
ellipticity, 105
emissivity, 49, 120-121, 155-156, 359, 392, 405
endodermis, 19-20, 409
energy
absorbed, 30-31, 83, 357-358
balance, 16, 21, 117, 155, 357-358, 363-364, 371
budget, ix, 38, 128-129, 357, 363, 392, 404405
capture, 28, 31
chemical, 6, 28, 358, 396, 401
conservation, see conservation of energy
conversion, 28
diagram, 55, 57-58
dissipation, 30, 49, 84
excess, 31, 148, 184, 326
exchange, 8, 357
excitation, 32, 47
flux, 357, 359, 361, 448
gradient, 20, 24
level, 48, 62, 64
loss, 159
production, 207-209
propagation, 74
radiant, see radiant energy
reradiated, 357, 359
solar, 8, 21, 46, 401
source, 82, 393, 414
state, 28, 31
storage, 8, 31
thermal, 31
transfer, 30, 197, 250
transition, 75
enzyme, 20, 26, 28, 35, 68, 197, 200, 363, 409, 412, 415
epicuticular wax, 16-17, 36-38, 69, 127, 141, 143, 165, 169,
266, 364
epidermis
abaxial, see epidermis,lower
adaxial, see epidermis, upper
lower, 19, 141, 160, 219, 234,251, 304-306, 312,316, 464
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epidermis (cont.)
roughness, see surface roughness
thickness, 305
upper, 19, 134-137, 160, 166, 234, 251, 304-306,
311-313, 316, 464
epoxidation
reaction, 30
state, 31, 150
equivalent water thickness, 24-25, 39, 41-42, 118, 184, 242,
268-269, 275-276, 326, 345-346, 349, 371, 373, 419
erectophyll, 359
eudicot, see eudicotyledon
eudicotyledon, 12, 14, 19, 223, 410
evapotranspiration, 24, 84, 128, 192, 194, 357, 372, 378
exoplanet, 357, 396
experimental design, 277, 463
extended Fourier amplitude sensitivity test, 248, 281, 419

far-wave infrared, 76
FCR, 375-376
fenestration, see leaf, perforated
fern, 12, 21, 125, 207, 373, 415-416
first-order simulation, 271
flattening effect, 172
flavanone, 33, 410
flavone, 33, 408, 410
flavonoid, see anthocyanin, chalcone, flavanone, flavone,
flavonol, isoflavonoid
flavonol, 33, 45, 60, 117, 410, 423-424
FLEX, 248
FLIGHT, 375-377
FLIM, 375-376
fluence rate, 82
fluorescence
backward, 247-250
blue-green, 147-148
chlorophyll, 7, 148-150, 152, 167, 246, 248, 250, 265,
271, 365, 405
downward, see forward fluorescence
emission, 7, 56-57, 99, 147, 167, 247-249, 340
excitation, 249
flux, 248-249
forward, 99-100, 247-250
imagery, 214
lifetime, 248-249
microscopy, 294
model, 247-248
passive, 147,210
quantum yield, 248, 250
red-far red, 147-148
solar-induced, see passive fluorescence
time-resolved, 150
upward, see backward fluorescence
FLUORMODLEAF, 247-248
FLUSPECT, 247, 250, 471
focal
length, 134-136, 372-373
plane, 135-136
point, 134, 373

Index

foreground-background analysis, 352, 420
Fourier amplitude sensitivity test, 280
Fourier transform infrared spectroscopy, see FTIS
Fresnel
Augustin-Jean, 444
equations, xi, 79, 231, 254-255, 265, 307, 442, 444
factor, 255-256
reflection coefficient, see reflection coefficient
FRT, 231, 247, 250
fructan, 22, 26, 410
fructose, 26, 26, 169, 410, 432433
FSM, 231, 246, 419
FTIS, 63-64, 69, 87, 155, 167, 169, 224-225, 419
fuel moisture content, 24-25, 326, 346
fundamental vibration mode, 69
fungus, 16, 36, 154, 195, 214-225, 228, 346, 407, 416

Gamma-ray, 60, 76-77
Gaussian
band shape, see absorption band shape
distribution, 41, 256
function, 119, 337
model, 337
genetic diversity, see intraspecific variability
geobotany, 339, 380
global sensitivity analysis, 271, 274, 276, 280-281, 284, 462
glycoprotein, 20, 410
Gnetophyta, 12
Gnetum, 12, 410
goniometer, 94, 97, 99-100, 102
granum, see thylakoid
gravimetric water content, 24
gymnosperm, 12, 14, 16, 19-21, 176, 380, 410, 416

heat dissipation, 46, 148, 326

heavy metal, 137-138, 156, 168, 195, 202-203, 381, 423

heavy metal, see arsenic, cadmium, chromium, cobalt,
copper, lead, mercury, nickel, selenium, silver, thallium,
vanadium, zinc

heliotropism, 133

hemicellulose, 20, 22, 26, 43, 64, 6668, 302, 407, 410412,
418, 431, 467

herbicide, 15, 183, 195, 205-206, 212

heterophylly, 189190, 411

hierarchical foreground-background analysis, see
foreground-background analysis

history, ix, 1, 106, 193, 265, 293, 380

homochirality, 396, 411

hot spot, 99, 253, 372, 376

hue, 2, 5, 89, 92, 124, 224, 368, 381, 391, 398

Hyper Graeco-Latin square, 277

hypoxic condition, 202

index of refraction, see refractive index

Infragold, 107-108

infrared thermometer, 120-121

insect, 11, 16, 36, 94, 124-125, 127, 161, 175, 195, 214,
219-220, 225-228, 357, 372, 378, 381-383, 385,
387-389, 400, 404, 410, 430
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chewing, 225-226
herbivore, 381
herbivorous, 161, 226, 388-390
herbivory, 36, 389
phytophagous, see herbivorous insect
rasping, 226
sucking, 225-226, 382
integrating sphere, 106-107, 109-111, 113115,
176-177, 286
intercellular air space, 40, 159, 162, 170-171, 185, 212, 236,
292, 300, 303304, 464465, 467
interference, 124126, 373
internal structure, see leaf anatomy
inverted Gaussian fitting, 337, 339
iridescence, 124-127, 411
iron, 4-5, 7, 195-196, 200-202, 219, 342, 412
irradiance, xi, 40, 74, 76-77, 81-82, 86, 95-96, 120, 151,
318, 369, 440
spectral, 81
spherical, 120
isoflavone, 34, 411, 423-425
isoflavonoid, 33-34, 411, 415, 423
isoflavonoid, see isoflavone, pterocarpan
iterative method, 284285, 287, 355

ketone, 37, 70, 410-411, 423, 426-428
kinetin, 18
Kirchhoff
law, 155
rough surface scattering theory, 240, 254
kleptoplasty, 385, 411
Kramers—Kronig relations, 50-52, 270
Kranz anatomy, 20
Kubelka-Munk theory, 112, 162, 231, 237-238, 247,
249-250, 420, 455, 461

Lagrangian technique, 336, 339
Lambert
absorption coefficient, see absorption coefficient
-Bouguer law, see Beer-Lambert law
coefficient, 254, 290, 344
cosine law, 235, 439
Johann Heinrich, 452
Lambertian
diffusor, 376
distribution, 252
scatterer, 254
source, 439
surface, 87, 251, 253, 439, 441
lamina, 20, 45, 134, 162, 171, 175, 177, 245, 407, 411
laminar flow, 360
Landau, Lifshitz, Looyenga, 263
latent heat flux, 357, 361-362
LCM2, 375-376
lead, 138, 202-203, 381
leaf
albino, 60, 72, 182, 244
anatomy, 14, 48, 119, 135, 145, 151, 166, 170-172, 178,
185, 195, 206, 238, 240, 245-246, 261-262, 282,
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292-293, 298, 300, 303, 310-311, 338-339, 344, 365,
369, 378, 405, 467, 470

artificial, 292, 305, 391-393, 401

asymmetric, 234

bifacial, 3, 17, 245-246, 311, 407, 472

biochemical composition, see leaf biochemistry

biochemistry, x, 11-12, 21-22, 43, 48, 145, 147, 191, 195,
238,246, 269, 311, 356, 375, 377-378, 380, 467,
470

biomimetic, 392

biophysics, 12

black, 183

blade, 12, 16, 19, 51, 105, 107, 118, 129, 135, 140, 158,
199, 230, 247, 266, 289, 293, 406-407, 409, 411, 413

boundary layer, 128-129, 298, 360-363

color, ix, 45, 60, 8889, 93, 127, 161-162, 178, 184, 188,
190, 198-199, 218, 221, 368, 370, 381-384, 387, 389,
398, 400, 404

compact, 72, 247, 251, 271-272, 408

cross section, 298

dorsiventral, 10, 112, 144, 170, 179, 234, 245, 268, 312,
316, 318, 409

dried, 71, 112, 147, 234, 343

electronic, see artificial leaf

etiolated, 180-181, 414

glaucous, 17, 127-129, 141, 143, 410

hair, see trichome

heliotropic, 134, 184

hydrophytic, 292

hypostomatous, 298, 363, 411

isolateral, 170, 411

juvenile, 127, 151, 153, 187, 189, 382, 389-390, 409, 411

laminar, 17, 39, 294, 380

mass per areal, 25, 32, 3840, 42, 118, 171, 326, 345-346,
349-350, 366-367, 371, 420

mature, 24, 43,99, 109, 127, 139, 141, 144, 151, 153, 187,
189, 201, 222, 226, 369, 384, 426

mesophytic, 159, 412

optical properties model, 118, 167, 229, 231, 242, 265,
375, 380

orientation, see erectophyll, planophyll

perforated, 175-176, 410

physiology, 195, 293, 381, 404

shaded, 2, 22, 41, 46, 134, 140, 166-167, 179, 185-186,
189, 292, 301, 307

shape, 21, 162, 176, 189, 361

structure parameter, 234, 268-269, 271, 273, 275-278,
281, 283, 285, 339

succulent, 170, 175, 226, 416

sunlit, 2, 22, 41, 46, 134, 140, 166-167, 177, 179,
185186, 292, 301, 307

temperature, 8-9, 117, 120-121, 129, 156, 205, 210,
212-214, 219, 222, 359-360, 362364, 371, 392, 405

thickness, xi, 38-39, 43, 97, 123, 139, 143144, 159,
171-172, 190, 201-202, 262, 266, 311, 321, 345,
360

trait, 40, 186, 190—191, 193, 283, 320, 346, 469470

unifacial, 246

variegated, 59, 165, 183, 390, 398
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leaf (cont.)
vein, 2, 20-21, 125, 133, 137, 176-177, 184, 201, 215,
219, 221, 226, 266, 302, 360, 390, 398-401, 403,
406-409, 412-413, 417, 422
venation, see leaf vein
virtual, 298, 468
water content, 23-25, 39, 54, 154155, 158, 184—185, 326,
340, 345-346, 348, 350, 363, 371, 378, 420
water potential, 26
white, 5, 16, 128-130, 146, 161, 164, 200, 224, 364, 389
window, 175
xerophytic, 292
LEAFMOD, 231, 240-241, 375-376, 420
LEDA, 471
LFMODI, 231, 241-242
LIBERTY, 212, 231, 234, 236-237, 356, 375-377, 420,
471-472
lichen, 207, 394, 416
light
attenuation, 162, 311, 313
collimated, 100, 118, 134, 166, 313
focusing, 135, 372-373
gradient, 72, 118, 124, 162, 166-167, 186, 312, 318, 365
path length, 126, 162, 173, 313, 404
penetration depth, xii, 88, 143
scattering, 38, 53, 105, 124, 161, 171-173, 179, 186, 235,
246, 248, 305
speed, 74-75, 81, 83, 435, 443
trapping, 106, 167
use efficiency, 150-152
lignin, 20, 22, 32, 34, 43, 64-68, 168-169, 236, 238,
268-270, 276, 281, 302, 349, 352, 367, 380, 404,
412, 467
linear extrapolation, 335
linear four-point interpolation, 334
Linnaeus, Carl, 162
longwave-infrared, 76
look up table, 284-285
LOPEX, 41, 43, 52, 269-270, 350, 420, 469
loss factor, xii, 49-51, 121
luminance, 96, 99
lutein, 29-30, 46, 57, 412, 433434

macronutrient, 195-196, 198-199, 412
macronutrient, see calcium, magnesium, nitrogen,
phosphorus, potassium, sulfur
magnesium, 29, 45, 54, 138, 195-196, 199, 342, 381, 408,
412,414
oxide, 107
magnetic
induction, 74
resonance imaging, 294, 420
manganese, 195-196, 201, 219, 412
Markov chain, 241, 355
matrix potential, 24, 26
Maxwell Garnett theory, 53
Maxwell's equations, 241
MCRM, 375-376
mercury, 202-203

Index

meristem, see cell, meristematic
mesophyll
cell, 14, 20, 27, 127, 194, 211, 298, 300
compact, 187
palisade, see palisade parenchyma
spongy, see spongy parenchyma
tissue, 19, 135, 140-141, 166, 405, 408
methane, 208, 211-212, 396, 405
method
destructive, 293-294
non-destructive, 181, 238, 293-294, 363
microfacet, 255-257
micronutrient, 195-196, 381, 412
micronutrient, see boron, chlorine, copper, iron, manganese,
molybdenum, zinc
microscopy
confocal, 294
multiphoton laser scanning, 294
optical, 136, 306
scanning electron, 17-18
microwave, xii, 4849, 63, 76-77, 84, 121-124, 156, 262
midwave-infrared, 76
mineral nutrient, 195, 197
mineral nutrient, see macronutrient, micronutrient
model
acoustic, 160
BRDF, 257
canopy reflectance, 246, 252, 320, 375-376
compact spherical particle, see model, Melamed
four flux, see Kubelka-Munk theory
generalized plate, 232, 237-238, 267
Melamed, 231, 234
multiple linear regression, 321, 341
N-flux, see Kubelka-Munk theory
photosynthesis, 167, 316
plate, 230-232, 247-248, 265, 289
ray-tracing, 242, 245-246, 251, 260, 292, 295
soil-vegetation-atmosphere-transfer, 378—-380
surface response, 284, 338, 355
modeling
direct, 238, 271, 285, 307, 380
forward, see modeling, direct
inverse, 56, 284, 380
molecular vibration
bending, 48, 61, 64, 66
rotation, 48, 62
stretching, 48, 61, 64, 66, 69, 343
molybdenum, 195, 412
monochromator, 106
monocot, see monocotyledon
monocotyledon, 12, 14-16, 19, 21, 160, 170, 177, 232, 234,
238,246,257, 310, 339, 380, 407, 412
monoterpene, 38, 431
Montanic acid, 429
Monte Carlo, 238, 241, 245-247, 251, 261, 274, 307, 349,
355,373, 463, 472
morphogenesis, 11, 118, 299, 414
moss, 12, 296, 394, 408
Mueller matrix, 79, 105
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NADIM, 375-377

NADP, 28, 412

NADPH, 28, 408, 412

n-alkane, 37, 72, 424, 426-427

near-infrared, 9, 11, 48, 61, 65, 67, 76, 94, 96-97, 127,
130-131, 145-146, 152, 171, 197-198, 200, 205, 224,
226, 228, 244-245, 251, 265, 271, 273, 279, 281, 283,
307-308, 311, 321, 323, 326, 332, 334-335, 337-338,
369, 375, 389, 391, 397, 471

reflectance spectroscopy, see NIRS

nematode, 228

neoxanthin, 30, 46, 57, 413, 433-434

Newton, Isaac, 3-4, 372

nickel, 138, 202-203, 381, 412

NIRS, 63, 112, 167-169, 191, 198-199, 220, 341, 347, 421

nitrogen, 11, 20, 22, 28, 35, 3940, 45, 64-65, 68, 117, 169,
190, 193, 195-198, 200, 212, 236, 268, 270-271, 283,
330, 332, 340, 342, 345-349, 352, 354, 357, 366-370,
375, 379-380, 386, 409, 412-413, 470

non-photochemical quenching, 31, 150, 226, 404, 412413

normalized difference vegetation index, 117, 150, 321, 323,
328, 420

normalized difference water index, 154, 328-329

oil, 36, 169, 205, 212, 381
one-factor-at-a-time sensitivity analysis, 274
oomycete, 214-217, 220, 222
optical
depth, see absorbance
path length, see light path length
optical properties
apparent, 84-85
extrinsic, 8, 48
inherent, 84
intrinsic, 7, 48, 54
OPTICLEAF, 471
optimization, 258, 284-285, 287, 355
organelle, 12,27, 44, 144, 238, 241, 292, 294, 302-303,
408-409, 413
organic compound, 37, 64, 68, 396, 411, 413415, 426
osmotic
gradient, 17
potential, 24, 26, 70, 138, 198
pressure, 416
overtone, 61-62, 64-67, 343
ozone, 38, 138-139, 206-207, 210-212, 372, 396, 405

palisade, see palisade parenchyma

palisade mesophyll, see palisade parenchyma

palisade parenchyma, 19, 23, 45, 134-135, 146, 160,
166-167, 171, 179, 183-185, 206, 234, 238, 241,
250-251, 297-298, 302-304, 306-307, 311-319, 365,
405, 413, 464467

palmitic acid, 429

partial least squares regression, 168, 222, 283

pectin, 22, 26-27, 66, 413, 432

perfect reflector, see Lambertian surface

petiole, 24-25, 134, 184, 200, 326, 389, 398, 407, 413

petroleum hydrocarbon, 204

phenolic compound, see brown pigment, condensed tannin,
flavonoid, lignin
phloem, 19-20, 199, 226, 228, 413, 417, 468
phosphorus, 22, 195-196, 198, 342, 345-348, 386, 412
photochemical
complex, 149
efficiency, 128
quenching, 150
reaction, 84
reflectance index, 117, 150, 210, 212, 326, 365
photo-goniometer, see goniometer
photoinhibition, 4647, 404
photometer, 9, 11, 64, 93, 97, 106, 109-110, 115-117, 177,
320, 370
handheld, see photometer, portable
portable, 102-103, 113, 116, 368
photon
absorption, 28-29, 48, 57, 75, 247-250
emission, 56, 147, 149, 248, 250
energy, 48, 75
excitation, 57
scattering, 235, 374-375
state, 241-243
transport, ix, 243, 251, 292, 305
photonic structure, 130
photoprotection, 33, 127
photoreception, 127
photosynthate, 20, 414
photosynthesis, 6-7, 9, 11-12, 14, 17, 19-20, 23, 26-30, 33,
4344, 46, 57-58, 61, 81, 118, 127, 130, 134, 146, 148,
166-167, 175, 177, 184, 187, 194, 198-200, 202,
205-206, 211, 213, 226, 236, 238, 245-246, 269, 292,
298, 313, 316, 318, 325-326, 340, 357-358, 363-367,
369, 378-379, 385-386, 396, 401, 406, 408, 410, 414
crassulacean acid metabolism, 14
model, see model, photosynthesis
photosynthetic
activity, 4546, 60, 149, 151, 159, 193,297, 325-326, 364
antenna, 29
pigment, 9, 22, 27,29, 31-32, 47-49, 54-55, 58, 145, 148,
167, 173, 190, 238, 246, 303, 307, 321, 367, 396-397,
408, 467
rate, 39, 129, 152, 175, 187, 214, 246, 295, 297, 316-319,
357, 364, 389, 470
photosynthetically active radiation, 104, 145, 152, 184,
313, 364
photosystem
antenna, 28, 31
I, 28, 45, 47, 49, 149, 248-250, 421
11, 28, 45, 47, 49, 149-151, 248-250, 421
phototropin, 177
phytotoxicity, 205
pigment-protein complex, 28, 44
Planck
constant, xi, 75, 81, 83, 435
function, 239
law, 83, 358, 435-436
radiator, 82
planophyll, 359
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plant radar, 82, 121, 262

perennial, 189 radiance, 74, 84, 86-87, 106—107, 251, 367, 435-436,
plant 438-440

defense, 128, 139-140, 184, 224, 382, 390, 407 radiant

disease, see bacteria, fungus, insect, nematode, oomycete,
virus
hormone, 18, 22, 30
mortality, 23, 193, 207, 381
name, 162—-163
physiology, ix, x, 7, 11, 22, 139, 160, 167, 246247, 472
sclerophyllous, 186
species identification, 154, 193
succulent, 156, 175, 403
plasmodesmata, 17, 303, 414
Pliny the Elder, 2, 128
polarimetric signature, 105
polarity index, see solvent polarity
polarization
azimuth, xii, 78-79, 105
circular, 78, 396
elliptical, 78
linear, 78
parallel, 443, 446, 448-450
perpendicular, 443444, 448
polymorphism, 190, 390, 414
polynomial fitting, 336
polysaccharide, 22, 26, 407—408, 410-411, 413414, 431
polytetrafluoroethylene, 107
porosity, 296, 305
porphyrin, 29, 54, 302, 408, 414
potassium, 195-196, 198-199, 342, 345, 347, 412, 470
precision farming, 11, 366
pressure chamber, 24
Priestley, Joseph, 6
primitive solid object, 300
principal component analysis, 228, 344, 352, 421
proanthocyanidins, 33
probability density function, 87, 156, 257, 261, 266, 280, 325
PROCOSINE, 290-291
PROSAIL, 277, 283, 375-377, 380, 472
PROSPECT, X, 52,72, 115,118, 205,231, 234,237,240, 248,
250, 265-271, 273-277, 279-291, 303, 322, 325, 330,
338-339, 350, 354, 356, 375-377, 380, 391, 421, 460,
463, 471-472
protein, 22, 28, 30, 33, 43-45, 48, 56, 64-66, 68, 127, 139,
168-169, 177, 183—184, 187, 197, 202, 238, 268-270,
276, 281, 302, 332, 341, 343, 345, 352, 384, 396,
409-410, 412, 414, 416
protochlorophyll, 180-181, 187, 414
proximal sensing, i, 366
pseudo-absorbance, 112
pteridophyte, 176, 415
pterocarpan, 34, 415, 423, 426
pubescence, 128-130, 141, 164, 214, 358, 361, 364, 404

QSPECT, 231, 234

quantum flux, 81, 130
quasi-Newton algorithm, 355
quercetin, 33, 60, 423-424

emittance, see radiant exitance
energy, xi, 80-81, 84, 175, 360
exitance, xi, 82
flux, xi, xii, 81-82, 86, 120, 149, 238, 249, 439
intensity, xi, 81, 439
power, see radiant flux
radiative transfer equation, 239-240, 251
radio wave, 60, 76, 156, 262
radiometer, 110-111, 113-114, 119, 203, 335
portable, 109, 113, 118, 371
radiometric unit, 74, 80
radiosity, 292
radius of curvature, 135-136
raffinose, 22, 26, 432-433
RAMIS, 118, 284, 356, 371, 421
rational function fitting, 336
RAYTRAN, X, 231, 245-246, 260, 292, 307-308, 310-311,
316, 421
reaction center, 28, 31, 150, 184, 326, 404
red shift, 180, 202, 338
red-edge, 58, 146, 149, 153, 171, 198, 210, 212, 224, 321,
332-334, 336-340, 391, 396
inflexion point, 199, 203, 323, 332, 334, 337
position, 146, 332-340, 421
position, see inverted Gaussian fitting, Lagrangian
technique, linear extrapolation, linear four-point
interpolation, polynomial fitting, rational function
fitting, spectrum derivative, surface response model
reflectance
attenuated total, 69, 74, 87, 155, 169, 220, 418
bi-hemispherical, 310
diffuse, 104, 107, 113-114, 131-132, 146, 170, 191, 222,
237, 240-241, 289, 397
infinite, 110, 112, 152
specular, 87, 98, 102, 124, 131-132, 193, 251, 253-255,
308-309, 313
reflection
attenuated total, see attenuated total reflectance
coefficient, 121-122, 235-236, 246, 444
diffuse, see diffuse reflectance
specular, see specular reflectance
reflectivity, xii, 49, 84, 157, 223, 230, 235, 262, 265, 415,
448-450
refractive index, xi, 48-51, 53-55, 70-73, 84, 87-88, 105,
118, 126, 135, 146, 167, 170, 231-232, 235-236, 241,
245,254,256, 259, 268, 270-273, 283, 286, 302-303,
308, 354, 377, 415, 424, 426-433, 442443,
448-451
relative dielectric permittivity, see complex dielectric
permittivity
relative permittivity, see complex dielectric permittivity
relative water content, 23, 25, 157, 160, 184-185, 326,
340, 421
root mean square error, 321, 421
roughness parameter, 257, 259, 266, 286, 309
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RPV, 253
RuBisCO, 28-29, 197, 318, 365-366, 415

SAIL, 375-376, 380, 421, 472
salt, 5,23, 201-202, 205, 380, 393
salt, see calcium, chlorine, magnesium, potassium, sodium
chloride
scattering, 1, 79, 97, 111, 132—133, 141, 145, 153, 156,
161-162, 230, 234, 239-241, 245-246, 248-252, 254,
262, 265,292, 314, 320, 405, 460
angle, 307
anisotropic, 238, 251
coefficient, xii, xiii, 79, 103, 105, 113, 156, 237-238, 240,
249, 452, 455
coherent, 127, 239
cross section, 146, 263
diffuse, see isotropic scattering
incoherent, 127
indicatrix, 241, 252
internal, see volume scattering
isotropic, 87, 133, 236, 240, 253
Mie, 146, 245, 302
multiple, 64, 111, 145-146, 162, 229, 234, 236, 238-239,
241, 266
phase function, 251
surface, 16, 124, 240, 252
Rayleigh, 396
volume, 48, 124, 136, 156, 283, 405
scattering cross section, 241
sclerids, 20, 468
selenium, 202-203
senescence, 7, 20, 35,43-45,47, 60, 102, 153, 181, 187-188,
194, 206, 234, 358, 382, 391, 397-398, 408
sensible heat, 359, 469
sensitivity analysis, see first-order simulation, one-factor-at
-a-time sensitivity analysis, global sensitivity analysis
sesquiterpene, 38
shadow, 3-4, 372, 411
shortwave-infrared, 48, 61, 63, 76, 145-147, 191, 197, 268,
281, 321, 326
sieve effect, 172-175, 177-178, 246
silver, 202
simplex, 285, 287, 355
single scattering albedo, 283, 376
SLOPE, 250-251
Snell’s law, 126, 254, 307, 442, 446
Snell-Descartes law of refraction, see Snell’s law
Sobol sensitivity index, 274, 281, 462
sodium chloride, 170
solvent polarity, 54-55
SPAD, 116117, 198, 283, 368-371, 422
SPECCHIO, 470
species
deciduous, 12, 33, 39, 41, 43-44, 129, 141, 161, 181, 194,
306, 366, 382, 388, 397, 409
desert, 129, 141
evergreen, 7, 12, 39, 171, 186, 190, 326, 345, 410,
414-415
semiarid, 270
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specific absorption coefficient, 54-55, 58, 60, 63, 68,
173-174, 236, 266, 268, 270-271, 283, 303, 316, 340,
352,354

specific leaf area, 21, 39-40, 185, 190, 269, 348, 367,
422,471

specificity

inter-class, 191
inter-family, 191
inter-genus, 191
spectral
fluorescence yield, 247
index, 41, 113, 115-117, 190, 205, 210, 219, 223-224,
236, 282-284, 320-327, 329, 332, 350, 354-356, 375
invariant approach, 283
mixture analysis, 351, 354, 422
power distribution, 93
shift, 203, 332

Spectralon®, 95, 107-108, 114

Spectralon®, see polytetrafluoroethylene

Spectranomics, 193, 348, 377, 470

spectro-gonio-photometer, see goniometer

spectrophotometer, see photometer

spectroradiometer, see radiometer

spectroscopy

absorption, 8
photoacoustic, 63—-64
Raman, 63

thermal infrared, 377

spectrum derivative, see first derivative, second derivative

spermatophyte, 12—13, 416

spine, 38, 417

spongy mesophyll, see spongy parenchyma

spongy parenchyma, 19, 135-136, 144, 146, 160, 166—167,
172, 179, 185-186, 234, 238, 241, 250-251, 296-298,
301-307, 311-318, 365, 392, 405, 416, 466467

SPRINT, 375-376

starch, 20, 22, 26-27, 43, 64-66, 68, 169, 187, 238, 302,
414, 432

statistical approach, see Bayesian model averaging, multiple
linear regression model, partial least squares regression,
principal component analysis, stepwise linear
regression analysis

Stefan-Boltzmann

constant, 84, 120, 359, 437
law, 84, 120, 436-437

stepwise linear regression analysis, 168, 342, 349

stereological method, 295

stoichiometry, 22, 41, 416

Stokes

parameter, 78, 460
shift, 56

system, 233, 267
vector, xii, 78-79, 396

Stokes, George Gabriel, 232

stoma, 14, 16-19, 24, 71, 206, 210, 213, 363-364, 404,
411,416

stomatal

aperture, 17-18, 300, 417
closure, 23, 184, 219, 325
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stomatal (cont.)
complex, 14, 138
conductance, 23, 121, 129, 184, 207
density, 298
opening, see stomatal aperture
pore, 300, 304
resistance, 363
density, 298
stress
abiotic, 35, 195, 214, 351, 354, 409, 423
biotic, 35, 128, 195, 214, 351, 354, 423
stroma, see chloroplast structure
suberin, 16, 416
substomatal cavity, 17, 361
sucrose, 22, 26, 432-433
sugar, 14,22,26, 28, 64—66, 68, 169, 198, 398, 401,407,410,
413-414, 431
sulfur, 5, 138, 195-196, 199-200, 210, 405, 412
dioxide, 206-207, 210-212
surface roughness, 17, 105, 124, 132, 164, 177, 254-257,
259, 266, 304, 308-309, 373, 392, 464
sylvanshine, 372-373
synchrotron, 137, 158, 204, 294-295, 301
synthetic dataset, 283, 322, 325

tannin, 32, 60, 191, 194, 416
terahertz, 49, 54, 76, 117, 156, 158-159, 262-263, 371, 405
terpenoid, see monoterpene, triterpene
tetrapyrrolic ring, 54
thallium, 202
thallophyte, 416
Theophrastus, 1
thermal
conductivity, 361
emission, 76, 84, 239-240
energy, see energy, thermal
infrared, 18, 48, 63, 65, 69, 76, 103, 107, 110, 153—155,
169, 191, 197, 205, 220, 222, 224, 256, 271, 350, 357,
359,392,472
infrared, see midwave-infrared, longwave-infrared,
very-longwave-infrared
thermodynamics
first law, 357
thylakoid, 27-28, 30, 45, 51, 53, 57, 125,207, 303, 410, 414,
416-417
Tikhov, Gavrii Adrianovich, 394-396
trace element, see arsenic, cadmium, copper, iron, lead,
mercury, nickel, zinc
tracheid, 20, 417
transmission
coefficient, 122, 160, 444, 448
specular, see specular transmittance
transmissivity, xii, 49, 84, 230, 262, 265, 417, 448-451
transmittance
bi-hemispherical, 310
diffuse, 113-114, 237, 240
specular, 87
trichome, 14, 16, 18, 38, 72, 105, 124, 128-131, 135, 140,
151-152, 162, 164-165, 255, 258, 261-262, 266, 308,

Index

363-364, 372-373, 381, 389, 404, 409411,
414-417, 468

triterpene, 38, 431-432

TRY, 471

turbulent flow, 360

turgor pressure, 23, 184, 404

Ulbricht sphere, see integrating sphere

ultrasound, see acoustic wave

ultraviolet, 32-33, 48, 54, 60, 63—64, 76-77, 117, 127, 130,
136, 138-144, 147, 165-166, 186, 206, 211, 225, 365,
405, 422423

vacuole, 22, 33, 45, 58-59, 72, 141, 144, 166, 172, 181, 187,
198, 294, 302, 392, 409, 411, 464
vanadium, 203, 381
variability
interspecific, 168-169, 190-192
intraspecific, 168, 189-190
vascular
bundle, 19-20, 144, 417
cambium, 20
cell, 19
plant, 12, 36, 192, 377, 415, 417
system, 19-20, 176
tissue, 20, 136, 226, 408, 413, 417
very-longwave-infrared, 76
violaxanthin, 30, 46, 57, 150, 326, 407, 413, 417, 433-434
virus, 15, 121, 153, 195, 214-220, 226, 228
visible, 11, 94, 130, 141-142, 145-146, 155, 161, 169-170,
172-173, 177, 179-180, 183-188, 191, 194, 197-200,
202-203, 205, 210-211, 213, 219-220, 223-226, 238,
259, 265, 269, 271, 279, 281, 307, 332, 343, 345, 353,
357,364, 373, 384, 389, 391, 393, 397, 422, 469, 471
volume integral physical optics, 263

water
content, 21-26, 54, 57, 113, 117-118, 154-156, 159-160,
184-185, 187-188, 191, 203, 206, 236, 240, 262, 264,
269, 277-278, 285, 307, 326, 341, 348, 350-352,
366-367, 371, 378, 381, 391-392, 405, 467, 470
density, 22-23
wavelet
scalogram, 350-351
transform, 349-351, 419
wax, 14, 16-17,36-37, 69, 71-72, 124, 127, 141, 144, 155,
211, 214, 226, 251, 255, 290, 306, 310, 377, 407, 410,
424,427, 430
wax, see aldehyde, alkyl ester, B-diketone, fatty acid,
hydroxy acid, ketone, n-alkane, primary alcohol,
secondary alcohol
Wien’s displacement law, 84, 435
wind, 3, 19, 175, 205, 219, 360-362, 387, 403

xanthophyll, 7, 30, 4142, 54, 57, 144-145, 246, 404,
412-413, 417
cycle, 29-31, 40, 4647, 57, 150-152, 184, 326, 332, 365,
405, 407, 417-418
X-ray, 51, 7677, 124, 136138, 204, 294, 301
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xylem, 19-20, 200, 223, 226, 417, 468 Z-Scheme, 28
xylose, 26, 407, 418, 431-433 a-carotene, 30, 46, 433-434
B-carotene, 29-30, 46, 57, 181,
zeaxanthin, 30, 46, 150, 326, 407, 417418, 433434 433-434
zinc, 87, 195-196, 201-203, 219, 221, 381, 412 B-diketone, 17, 37, 427-428
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