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Relation between Leaf Gas Exchange Rate and Stomata I. Stomatal frequency and guard cell length in C,
and C, grass species : Yoshinobu KAWAMITSU, Waichi AGATA*, Shin-ichi HIYANE, Seiichi MURAYAMA, Akihiro
NOSE** and Choyu SHINJYO (College of Agriculture, University of the Ryukyus, Okinawa 903-01, Japan ; * Faculty of
Agriculture, Kyushu University, Fukuoka 812, Japan)

Abstract : We measured stomatal frequency and guard cell length in the Gramineae and compared these
components among the photosynthetic types and/or the subfamilies. The mean stomatal frequency of the
Eragrostoideae was 418.5 no. mm™2 and that of the Panicoideae was 243.9 no. mm~2, which is a half to one third
of C4 summer types. On the other hand, C; plants growing in the winter season exhibited low stomatal frequency
and large guard cell sizes. Rice plants, C; types in the Oryzoidease, had an extremely large number of stomata,
but smaller guard cell sizes. In addition, the stomatal frequency in the flag leaves was higher than that of the fully
expanded leaves at the maximum tiller number stage. In particular, this tendency was pronounced in the
japonica-indica hybrids. The reciprocal relation between stomatal frequency and length of the guard cells was
demonstrated, indicating that the distribution of the subfamily in the figure to be coincident with the direction
in the evolution of the grass family.
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Table 1. Stomatal frequency and guard cell length in C; and C, grass species.
Subfamily Stomatal frequency (no. mm™2) Guard cell length (¢um) SFXSL**
Species adaxial abaxial mean total adaxial abaxial mean
Eragrostoideae (C,)
Chlovis gayana 14.0 602.5 308.3 616.5 19.0 18.4 18.7 5765
Cynodon Dactylon 212.7 219.5 216.1 432.2 20.7 22.5 21.6 4668
Eleusine Covacana 19.2 76.2 97.7 195.4 29.3 35.3 32.3 3156
Evagrostis ferruginea 187.7 85.6 136.7 273.3 25.2 30.1 27.7 3787
Leptochloa chinensis 383.1 308.6 345.9 . 691.7 22.0 22.2 22.1 7644
Sporobolus elongatus 123.6 104.4 114.0 228.0 32.1 34.3 33.2 3785
Zoisia japonica 226.9 82.4 154.7 309.3 21.1 27.3 24.2 3744
Z, tenuifolia 349.1 252.1 300.6 601.2 19.6 21.0 20.3 6102
Mean 202.0 216.4 209.3 418.5 23.6 26.4 25.0 4831
and S.D. +113.9 *168.1 +91.3 £182.5 +4.5 +5.9 £5.1 +1441
Panicoideae (C,)
Arundinella hirta 50.6 73.4 62.0 124.0 48.0 45.2 46.6 2889
Coix Lacryma-Jobi var. ma-yuen 52.2 102.4 77.3 154.6 50.6 52.2 51.4 3973
Digitaria sanguinalis 2.9 118.8 60.9 121.7 42.8 39.6 41.2 2509
Echinochloa Crus-galli 104.9 169.6 137.3 274.5 34.6 33.2 33.9 4654
E. Crus-galli var. edulis 66.1 92.5 79.3 158.6 34.5 37.8 36.2 2871
E. Crus-galli var. frumentacea 99.0 140.3  119.7 239.3 29.8 30.7 30.3 3627
E. Crus-galli var. hispidula 131.0 194.7 162.9 325.7 33.0 31.2 32.1 5229
Imperata cylindrica 212.4 286.5 249.5 498.9 19.8 25.1 22.5 5614
Miscanthus sinensis 162.9 292.2  227.6 455.1 34.2 32.3 33.3 7579
Panicum antidotale 119.3 126.1  122.7 245.4 28.6 28.9 28.8 3534
P. coloratum 125.2 113.4 119.3 238.6 32.7 38.4 35.6 4247
P. dichotomiflorum 108.1 89.7 98.9 197.8 33.4 36.5 35.0 3462
Paspalum dlitatum 55.9 86.9 71.4 142.8 35.8 34.7 35.3 2520
P. distichum 142.6 117.6  130.1  260.2 35.0 33.7 34.4 4475
Pennisetum alopecuroides 177.2 96.3 136.8 273.5 28.8 34.2 31.5 4309
Saccharum officinarum cv. Badira  137.1 292.2  214.7 431.2 37.3 37.4 37.4 8030
S. simense cv. Yomitanzan 104.8 182.0 143.4 286.7 39.2 42.7 41.0 5879
S. spontaneum cv. Tainan 47.5 169.1 132.1 216.1 42 .4 37.0 39.7 5244
S. spp. cv. NCo310 95.1 176.7 183.5 271.8 44 .6 46.4 45.6 8368
Sorghum bicolar 80.5 127.4  104.0 207.9 39.5 40.5 40.0 4160
S. sudanense 94.7 116.6  105.7 211.3 30.6 32.3 31.5 3330
Stenotaphrum seundatum 55.9 46.6 51.3 102.5 36.3 36.5 36.4 1867
Vetiveria sp. 89.0 136.4 112.7 225.4 33.1 34.6 33.9 3821
Zea mays 7.7 112.4 95.1 190.1 49.3 48.3 48.8 4565
Mean 99.7 144.2  124.9 243.9 36.4 37.1 36.7 4448
and S.D +46.1 *£65.4 +51.2 +£99.9 +7.1 +6.3 £6.5 £1661
Arundinoideae (C;)
Arundo donax* 212.6 300.6 256.6 513.2 31.9 35.0 33.5 8596
Festucoideae (Cs)
Agropyron tsukustense 50.7 24.3 37.5 75.0 54.8 53.2 54.0 2025
Avena sativa 63.4 54.2 58.8 117.6 60.6 54.8 57.7 3393
Bromus catharticus 47 .4 35.2 41.3 82.6 57.0 59.8 58.4 2412
Hordeum vulgare var. hexastichon 28.5 22.9 25.7 51.4 61.4 62.5 62.0 1593
Phalaris arundinacea® 178.5 168.7 173.6  347.2 27.9 27.6 27.8 4826
Panicoideae (Cs)
Hymenachne indica* 114.4 89.3 101.9 203.7 58.5 61.6 60.1 6124
Panicum bisulcatum™ 240.7 197.3  219.0 438.0 35.8 38.4 37.1 8125
Oryzoideae (Cs)
Zizania latifolia® 512.9 606.0 559.8 1119.5 15.7 17.1 16.4 9181
Mean and S.D.
*Summer type 251.8 272.5 262.2 524.3 34.0 35.9 35.0 7370
+137.2 =*180.2 +157.5 £315.0 £14.0 +£14.8 =+14.4 +1636
Winter type 47.5 34.2 40.8 81.7 58.4 57.6 58.0 2356
+12.5 *£12.5 +£11.9 =+23.7 +2.7 +3.7 X£2.8 %665

Note : **Mean stomatal frequency X mean guard cell length (#zm no.”* mm™2).
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Table 2. Stomatal frequency and guard cell length in rice plants (Onyza sativa L.)

Cultiver Stomatal frequency (no. mm™2) Guard cell length (um) SFxSL**
adaxial abaxial mean total adaxial abaxial mean
Chyokai 348.5 446.2 397.4 794.7 22.6 22.4 22.5 8942
Chyugoku 91 404.2 483.0 443.6 887.2 23.8 24.0 23.9 10602
CP-231 399.1 501.1 450.1 900.2 24.2 23.5 23.9 10757
Dee-geo-woo-gen 321.1 435.9 378.5 757.0 24.0 23.9 24.0 9084
Dee-geo-woo-gen® 411.9 553.2 482.6 965.1 24.2 24.0 24.1 11631
Gikoho 277.5 328.8 303.2 606.3 22.8 22.6 22.7 6383
Ginbozu 355.4 451.3 403.4 806.7 22.6 23.7 23.2 9359
Hoyoku 315.1 394.8 355.0 709.9 24.4 25.5 25.0 8875
Hoyoku® 418.8 573.7 496.3 992.5 18.8 17.6 18.2 9033
Iri 338 366.5 308.7 337.6 675.2 21.3 21.7 21.5 7258
Ishikari 358.0 426.5 392.3 784.5 23.1 23.3 23.2 9101
IR-8 433.3 543.8 488.6 977.1 21.0 20.6 20.8 10163
IR-8% 473.6 648.3 561.0 1121.9 19.8 19.2 19.5 10940
IR-1561 412.8 531.8 472.3 944.6 21.9 21.3 21.6 10202
IR-1561"% 542.9 740.7 641.8 1283.6 19.3 19.2 19.3 12387
IR-2061 302.3 452.1  377.2 754.4 22.1 21.3 21.7 8185
IR-2061% 496.7 641.4 569.1 1138.1 18.6 19.2 18.9 10756
Kamairazu MC-134 308.3 417.0 362.7 725.3 23.6 23.5 23.6 8560
Kamairazu MC-134" 394.0 465.9 420.0 859.9 22.4 23.2 22.8 9576
Kamenoo 342.5 414.5 378.5 757.0 24.9 25.7 25.3 9576
Kinmaze 393.9 495.8  444.9 889.7 22.0 22.5 22.3 9921
Kinmaze®* 420.5 555.8 488.2 976.3 21.7 21.1 21.4 10447
Koshijiwase 332.3 415.3 373.8 747.6 24.5 24.9 24.7 9233
Koshihikari 311.7 419.6 365.7 731.3 24.7 24.2 24.5 8960
Matsumae 354.5 471.0 412.8 825.5 24.2 24.6 24.4 10072
Milyang 23 383.6 479.6 341.6 863.2 21.8 23.0 22.4 7652
Milyang 23 613.1 836.6 724.9 1449.7 17.0 17.2 17.1 12396
Milyang 25 445.3 577.2 511.3 1022.5 21.0 21.2 21.1 10788
Milyang 25* 542.9 637.1 590.0 1180.0 19.3 19.9 19.6 11564
Nagiho 343.0 452.2  397.6 795.2 23.4 23.5 23.5 9344
Nishihomare 366.5 469.3 417.9 835.8 22.1 21.7 21.9 9152
Nishihomare® 489.8 608.0 548.9 1097.8 17.5 17.7 17.6 9661
Nipponbare 360.5 480.4 420.5 840.9 22.9 22.7 22.8 9587
Norin 18 369.9 453.0 411.5 822.9 23.8 24.0 23.9 9835
Norin 18* 393.9 563.5 478.7 957.4 19.7 20.3 20.0 9574
Omachi 346.0 459.9 403.0 805.9 23.8 23.6 23.7 9551
Omachi” 417.9 573.8 495.9 991.7 22.9 22.7 22.8 11307
Raikei 438.4 589.2 513.8 1027.6 22.1 21.7 21.9 11252
Raikei® 645.7 843.5 774.6 1489.2 18.0 18.0 18.0 13943
Rasht 507 407.6 587.5 497.6 995.1 22.4 22.2 22.3 11096
Reiho 372.1 439.3 405.2 811.4 23.5 24.8 24.2 9806
Reiho® 438 .4 574.6 506.5 1013.0 21.0 19.9 20.5 10383
Reimei 356.2 482.1 419.2 838.3 24.2 22.7 23.5 9851
Rikku 132 340.0 379.3  359.7 719.3 25.5 25.7 25.6 9208
R-P-9-3 459.0 661.1 560.1 1120.1 21.2 20.9 21.1 11818
R-P-9-37 529.2 799.8 664.5 1329.0 20.6 21.9 21.3 14154
Sawanohana 365.7 449.6  407.7 815.3 22.6 23.1 22.9 9336
Sweon 258 435.0 569.5 502.3 1004.5 23.5 24.3 23.9 12005
Sweon 258* 548.1 725.3 636.7 1273.4 19.2 18.9 19.1 12161
Sweon 262 414.5 507.0 460.8 921.5 20.3 21.0 20.7 9539
Taichung 65 302.3 433.3 367.8 735.6 21.5 22.4 22.0 8092
Taichung 65* 422.2 532.6 477.4 954.8 20.8 21.3 21.1 9440
Taichung-sen 10 417.5 516.4 467.0 933.9 23.9 22.6 23.3 10881
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Table 2. ODO&

Cultiver Stomatal frequency (no. mm™2) Guard cell length (um) SEFXxSL**
adaxial abaxial mean total adaxial abaxial mean
Taichung-seniku 204 398.2 532.6 465.4 930.8 23.2 22.9 23.1 10751
Taichung-seniku 204* 587.5 784.4 686.0 1371.9 19.7 19.9 19.8 13583
Tainoo 67 339.1 436.7 387.9 775.8 23.8 23.6 23.7 9193
Tainoo 677 465.9 609.7 537.8 1075.6 20.3 19.8 20.1 10810
Toyonishiki 322.0 403.3  362.7 725.3 24.5 24.2 24 .4 8850
Yaeho 390.5 477.8 434:2 868.3 22.2 23.2 22.7 9856
Yukara 382.8 438.4 410.6 821.2 23.3 23.7 23.5 9649
Mean and S.D.
Maximum tiller number 368.1 468.6 416.2 836.7 23.0 23.1 23.1 9581
stage +43.4 +68.1 =+54.7 £106.9 +1.2 +1.3 £1.2 +1093
*Heading stage 487.0 645.7 565.8 1132.7 20.0 20.1 20.1 11250
+75.1 *£107.8 =£95.9 *£180.1 +1.8 +1.9 £1.8 +£1506
Note : **Mean stomatal frequency X mean guard cell length (zm no.”™ mm=2).
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