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Three carotenoids, called xanthophylls, are involved in nonphotochemical quenching: violaxanthin,
antheraxanthin, and zeaxanthin. In high light, violaxanthin is converted into zeaxanthin, via the
intermediate antheraxanthin, by the enzyme violaxanthin de-epoxidase. When light intensity decreases, the

process is reversed. Binding of protons and zeaxanthin to light-harvesting antenna proteins is thought to

cause conformational changes that lead to quenching and heat dissipation.

HO Violaxanthin




4 g‘ T @«r T
AR Y/ — :
\ P/i \_/

Anamocylic Anisocytic D-a< ytic Faracytic
f \_ X
A 2
| "\_,
b

Paracytic Actinooytic Gramineous Tetracytic

anomocytic (meaning irregular celled) stomata have guard cells that are surrounded by cells that have the
same size, shape and arrangement as the rest of the epidermis cells. This type of stomata can be found in
more than hundred dicot families such as Apocynaceae, Boraginaceae, Chenopodiaceae, and Cucurbitaceae.

It is sometimes called ranunculaceous type.

anisocytic (meaning unequal celled) stomata have guard cells between two larger subsidiary cells and one
distinctly smaller one. This type of stomata can be found in more than thirty dicot families, including

Brassicaceae, Solanaceae, and Crassulaceae. It is sometimes called cruciferous type.

diacytic (meaning cross-celled) stomata have guard cells surrounded by two subsidiary cells, that each
encircle one end of the opening and contact each other opposite to the middle of the opening. This type of
stomata can be found in more than ten dicot families such as Caryophyllaceae and Acanthaceae. It is

sometimes called caryophyllaceous type.

paracytic (meaning parallel celled) stomata have one or more subsidiary cells parallel to the opening
between the guard cells. These subsidiary cells may reach beyond the guard cells or not. This type of
stomata can be found in more than hundred dicot families such as Rubiaceae, Convolvulaceae and

Fabaceae. It is sometimes called rubiaceous type.

actinocytic (meaning star-celled) stomata have guard cells that are surrounded by at least five radiating cells

forming a star-like circle. This is a rare type that can for instance be found in the family Ebenaceae.

gramineous (meaning grass-like) stomata have two guard cells surrounded by two lens-shaped subsidiary
cells. The guard cells are narrower in the middle and bulbous on each end. This middle section is strongly
thickened. The axis of the subsidiary cells are parallel stoma opening. This type can be found in monocot

families including Poaceae and Cyperaceae.

tetracytic (meaning four-celled) stomata have four subsidiary cells, one on either end of the opening, and
one next to each guard cell. This type occurs in many monocot families, but also can be found in some

dicots, such as Tilia and several Asclepiadaceae.
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TABLE A: Normal curve tail probabilities. Standard normal probability in right-hand tail (for

negative values of z, probabilities are found by symmetry).

Probability

Second Decimal Place of z

z | .00 Ol 02 03 .04 05 06 07 08 .09
0.0 | .5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
0.1 | .4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
0.2 | .4207 4168 4129 4090 4052 4013 3974 3936 3897 3859
03 | .3821 3783 3745 3707 3669 3632 3594 3557 3520 3483
0.4 | .3446 3409 3372 3336 3300 3264 3228 3192 3156 3121
0.5 | .3085 3050 3015 2981 2946 2912 2877 2843 2810 2776
0.6 |.2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
0.7 | .2420 2389 2358 2327 2296 2266 .2236 2206 .2177 2148
0.8 |.2119 2090 2061 2033 2005 .1977 .1949 1922 .1894 1867
0.9 |.1841 1814 1788 1762 1736 1711 .1685 .1660 .1635 .1611
1.0 | .1587 1562 1539 L1515 1492 1469 .1446 1423 1401 1379
1.1 | .1357 1335 1314 L1292 L1271 1251 L1230 1210 .1190 1170
12 | .1151 A131 11121093 1075 1056 1038 1020 .1003 0985
1.3 | .0968 0951 0934 0918 0901 0885 .0869 0853 .0838 .0823
1.4 | .0808 0793 0778 0764 0749 0735 .0722 0708 .0694 0681
1.5 | .0668 0655 0643 0630 0618 0606 .0594 0582 .0571 .0559
1.6 | .0548 0537 0526 .0516 0505 0495 .0485 0475 .0465 0455
1.7 | .0446 0436 0427 0418 0409 0401 .0392 0384 .0375 0367
1.8 | .0359 0352 0344 0336 0329 0322 .0314 0307 .0301 .0294
1.9 | .0287 0281 0274 0268 0262 0256 .0250 0244 .0239 .0233
2.0 | .0228 02220217 0212 0207 0202 .0197 0192 .0188 0183
2.1 | .0179 0174 0170 0166 0162 0158 .0154 0150 .0146 0143
22 | .0139 0136 0132 0129 0125 0122 0119 0116 .0113 .0110
2.3 | .0107 0104 0102 0099 0096 0094 0091 0089 0087 0084
2.4 | .0082 0080 0078 .0075 0073 0071 .0069 0068 .0066 0064
2.5 | .0062 0060 0059 .0057 0055 0054 .0052 0051 .0049 0048
26 | .0047 0045 0044 0043 0041 0040 .0039 0038 .0037 0036
2.7 | .0035 0034 0033 0032 0031 0030 .0029 .0028 .0027 .0026
2.8 | .0026 0025 0024 0023 0023 0022 .0021 .0021 .0020 .0019
2.9 |.0019 0018 0017 .0017 0016 0016 .0015 .0015 .0014 0014
3.0 | .00135
3.5 | .000233
4.0 | .0000317
4.5 | .00000340
5.0 | .000000287

Source: R. E. Walpole, Introduction to Statistics (New York: Macmillan, 1968).
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TABLE B: t Distribution Critical Values

Probability

¥ ooyled Caw 9

Confidence Level

80% 90% 95% 98% 99% 99.8%
Right-Tail Probability

df 1100 050 Loas Lot Loos Loo1
1 3.078 6.314 12.706 31.821 63.656 318.289
2 1.886 2.920 4.303 6.965 9.925 22.328
3 1.638 2.353 3.182 4.541 5.841 10.214
4 1.533 2.132 2.776 3.747 4.604 7.173
S 1.476 2.015 2.571 3.365 4.032 5.894
6 1.440 1.943 2.447 3.143 3.707 5.208
7 1.415 1.895 2.365 2.998 3.499 4.785
8 1.397 1.860 2.306 2.896 3.355 4.501
9 1.383 1.833 2.262 2.821 3.250 4.297
10 1.372 1.812 2.228 2.764 3.169 4.144
11 1.363 1.796 2.201 2.718 3.106 4.025
12 1.356 1.782 2.179 2.681 3.055 3.930
13 1.350 1.771 2.160 2.650 3.012 3.852
14 1.345 1.761 2.145 2.624 2.977 3.787
15 1.341 1:753 2.131 2.602 2.947 3.733
16 1.337 1.746 2.120 2.583 2.921 3.686
17 1.333 1.740 2.110 2.567 2.898 3.646
18 1.330 1.734 2.101 2.552 2.878 3.611
19 1.328 1.729 2.093 2.539 2.861 3.579
20 1.325 1.725 2.086 2.528 2.845 3.552
21 1.323 1.721 2.080 2.518 2.831 3.527
22 1.321 1.717 2.074 2.508 2.819 3.505
23 1.319 1.714 2.069 2.500 2.807 3.485
24 1.318 1.711 2.064 2.492 2.797 3.467
25 1.316 1.708 2.060 2.485 2.787 3.450
26 1.315 1.706 2.056 2.479 2.779 3.435
27 1.314 1.703 2.052 2.473 2771 3.421
28 1.313 1.701 2.048 2.467 2.763 3.408
29 1.311 1.699 2.045 2.462 2.756 3.396
30 1.310 1.697 2.042 2.457 2.750 3.385
40 1.303 1.684 2.021 2.423 2.704 3.307
50 1.299 1.676 2.009 2.403 2.678 3.261
60 1.296 1.671 2.000 2.390 2.660 3.232
80 1.292 1.664 1.990 2.374 2.639 3.195
100 1.290 1.660 1.984 2.364 2.626 3.174
00 1.282 1.645 1.960 2.326 2.576 3.091

Source: ““Table of Percentage Points of the t-Distribution.”” Computed by Maxine Merrington,
Biometrika, 32 (1941): 300. Reproduced by permission of the Biometrika trustees.
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TABLE C: Chi-Squared Distribution Values for Various Right-Tail Probabilities

Probability

>

.
Right-Tail Probability
df 0.250 0.100 0.050 0.025 0.010 0.005 0.001
1 1.32 2.71 3.84 5.02 6.63 7.88 10.83
2 2.77 4.61 5.99 7.38 9.21 10.60 13.82
3 4.11 6.25 7.81 9.35 11.34 12.84 16.27
R 5.39 7.78 9.49 11.14 13.28 14.86 18.47
5 6.63 9.24 11.07 12.83 15.09 16.75 20.52
6 7.84 10.64 12.59 14.45 16.81 18.55 22.46
7 9.04 12.02 14.07 16.01 18.48 20.28 24.32
8 10.22 13.36 15.51 17.53 20.09 21.96 26.12
9 11.39 14.68 16.92 19.02 21.67 23.59 27.88
10 12.55 15.99 18.31 20.48 23.21 25.19 29.59
11 13.70 17.28 19.68 21.92 24.72 26.76 31.26
12 14.85 18.55 21.03 23.34 26.22 28.30 3291
13 15.98 19.81 22.36 24.74 27.69 29.82 34.53
14 17.12 21.06 23.68 26.12 29.14 31.32 36.12
15 18.25 22.31 25.00 27.49 30.58 32.80 37.70
16 19.37 23.54 26.30 28.85 32.00 34.27 39.25
17 20.49 24.77 27.59 30.19 33.41 35.72 40.79
18 21.60 25.99 28.87 31.53 34.81 37.16 42.31
19 22.72 27.20 30.14 32.85 36.19 38.58 43.82
20 23.83 28.41 31.41 34.17 37.57 40.00 45.32
25 29.34 34.38 37.65 40.65 44.31 46.93 52.62
30 34.80 40.26 43.77 46.98 50.89 53.67 59.70
40 45.62 51.80 55.76 59.34 63.69 66.77 73.40
50 56.33 63.17 67.50 71.42 76.15 79.49 86.66
60 66.98 74.40 79.08 83.30 88.38 91.95 99.61
70 77.58 85.53 90.53 95.02 100.4 104.2 112.3
80 88.13 96.58 101.8 106.6 112.3 116.3 1248
90 98.65 107.6 113.1 118.1 124.1 128.3 137.2
100 109.1 118.5 124.3 129.6 135.8 140.2 149.5

Source: Calculated using StaTable, software from Cytel Software, Cambridge, MA.

yo




¥ ooyled Caw 9

TABLE D: F Distribution

(43
0 F
a = .05
df
dfr | 1 2 3 4 5 6 8 12 24 o0
11614 1995 2157 2246 2302 2340 2389 2439 2490 2543
2| 1851 1900 19.16 1925 1930 1933 1937 1941 1945 1950
3/ 1013 955 928 912 901 894 88 874 864 853
4| 771 694 659 639 626 616 6.4 591 577 563
5| 661 579 541 519 505 495 48 468 453 436
6| 599 514 476 453 439 428 415 400 384 367
7| 559 474 435 412 397 387 373 357 341 323
8| 532 446 407 384 369 358 34 328 312 293
9| 512 426 38 363 348 337 323 307 29 271
10| 496 410 371 348  3.33 322 307 291 274 254
11| 484 398 359 336 320 309 295 279 261 240
12| 475 38 349 326 311 300 28 269 250 230
13| 467 380 341 318 3.02 292 277 260 242 221
14| 460 374 334 311 296 28 270 253 235 213
15| 454 368 329 306 290 279 264 248 229 207
16| 449 363 324 301 28 274 259 242 224 201
17| 445 359 320 296 28 270 255 238 219 196
18| 441 355 316 293 277 266 251 234 215 192
19| 438 352 313 290 274 263 248 231 211 1.88
20| 435 349 310 287 271 260 245 228 208 184
21| 432 347 307 284 268 257 242 225 205 181
2| 430 344 305 28 266 255 240 223 203 178
23| 428 342 303 280 264 253 238 220 200 176
24| 426 340 301 278 262 251 23 218 198 173
25| 424 338 299 276 260 249 234 216 19 171
26| 422 337 298 274 259 247 232 215 195 169
27| 421 335 296 273 257 246 230 213 193 167
28| 420 334 295 271 256 244 229 212 191 1.65
29| 418 333 293 270 254 243 228 210 190 164
30| 417 332 292 269 253 242 2271 209 189 162
40| 408 323 284 261 245 234 218 200 179 151
60| 400 315 276 252 237 225 210 192 170 139
120 392 307 268 245 229 217 202 183 161 125
00 384 299 260 237 221 209 194 175 152 100

Source: From Table V of R. A. Fisher and F. Yates, Statistical Tables for Biological, Agricultural
and Medical Research. published by Longman Group Ltd.. London. 1974. (Previously published by
Oliver & Boyd, Edinburgh.) Reprinted by permission of the authors and publishers.
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