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Masakazu J. UsHiLo* and Nakao Osuiva®’ : Measurements of stomatal density and size of the creeping bentgrass (Agrostis
stolonifera L.) var. Penncross by autofluorescence observation method

Summary: We measured the density (D) and lengths of foliar stomata (Ls) and guard cells (Lg) of the creeping bentgrass (A.
stolonifera) var. Penncross by the autofluorescence observation method. Based on D, Ls, and Lg, we calculated the maximum
stomatal conductance to CO, (g..). The upper (adaxial) side D of leaf blade (width=1 mm) were 170-194 count mm2,
significantly greater than the lower (abaxial) 78-116 count mm™ (p<0.01 or p<0.001). The upper g.... was 0.416-0.616 mol
m~* 57, two times larger than the lower 0.197-0.314 mol m™* S~'. These results suggest the upper side of Penncross foliage
has higher absorptivity of CO, and foliar fertilizers than the lower.
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Fig. 1 Autofluorescence micrographs of foliar epidermis of
the Penncross (A. stolonifera), A to measure the
stomatal density, %200 and B to measure the long-
itudinal length of closed stomata, % 400,
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Table 1

29 20113 H

Foliar stomatal density (D, mean=S.ID., mm *) of the Penncross (A. stolonifera) in Experiment I and IT (Plant height,

=5 mm), and Experiment III (Plant height, 230 mm) with same sample number (#=10)

Leaf side
Upper (count mm?) Lower (count mm?) Rate (Upper/Lower)
Experiment I (Old) 170 £ 32,0 84"+ 214 202
Experiment II (Young) 194* 655 116°+239 1.67
Experiment IIT (Old) 193"+ 432 78"+ 15,1 247

The plants in Exp. I (Old), Exp. II (Young). and Exp. III (Old) were seeded in spring of 2008, 2009, and in 2007 or more

previous vear, respectively. Central width of sampled foliar blade :

=] mm.

* The different letters represent statistical differences at p<<0.01 by t-test.

Table 2 Anova table for foliar stomatal density of the Penncross (A. stolonifera)

Source of variation SS df MS Fs Pi
A (Exp. I, II, and III) 8320.00 2 4160.00 295 0.061
B (Leaf side upper and lower) 130666.67 1 130666.67 92.79 2.529E-13
Interaction (A xB) 3746.13 2 1873.07 1.33 0.273
Error 76044.80 54 1408.24
Total 218777.60 59

Fig. 2 Autofluorescence micrographs of the foliar cross
section of the Penncross (A. sfolonifera), A, x 100
and B, %200, showing the undulate form of the
upper (adaxial) side only.
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Table 3 Longitudinal lengths of foliar stomata (Ls, mean +S.D., um) and guard cells (Lg, mean+S.D. um) of the Penncross (A.
stolonifera) in Experiment I and II (Plant height, = 5 mm), and Experiment II1 (Plant height. = 30 mm) with same

sample number (n=81)

Ls, Leaf side Rate of Ls Lg, Leaf side Rate of Lg
Upper (U, um) Lower (L, gm) U/L Upper (U, um) Lower (L, um) U/L
Experiment I (Old) 10.3* = 2.00 1022 +1.77 1.01 2000267 L1+ 236 0.932
Experiment II (Young) 1290+ 261 11.7¢£215 1.10 326°£379 349+ 296 0.934
Experiment III (Old) 11.2¢+1.77 138+ 257 0.812 296" +242 337" =337 0.878

The plants in Exp. I (Old), Exp. II (Young), and Exp. III (Old) were seeded in spring of 2008, 2009, and in 2007 or more
previous year, respectively. Central width of sampled foliar blade: =1 mm.
* The different letters represent statistical differences at p<0.05 by f-test.

Table 4 Anova table for foliar stomatal length of the Penncross (A. stolonifera)

Source of variation S5 df MS Fs Pi
A (Exp. L II, and I11) 48541 24271 51.50 5A461E-21
B (Leaf side upper and lower) 23.80 1 2380 505 0.025
Interaction (A xB) 208.92 149.46 3171 1.158E-13
Error 2262.09 480 471
Total 3070.22 485

Table 5 Anova table for foliar guard cell length of thE Penncross (A. stolonifera)

Source of variation $§ ar MS Fs Pi
A (Exp. I, IL, and III) 1129.71 2 564.86 63.97 2.358E-25
B (Leaf side upper and lower) 964.29 1 964.29 109.20 3616E-23
Interaction (AxB) 99.95 2 4997 5.66 0.004
Error 4238.65 480 8.83
Total 6432.60 485
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Table 6 Calculation of maxmum stomatal (leaf diffusive) conductances to CO, (g...) and water vapor (Zumsx) Of the Penncross
(A. stolonifera) in Experiment I and II (Plant height, £5 mm), and Experiment III (Plant height, =30 mm)

Exp. I, Leaf side

Exp. II, Leaf side Exp. II1. Leaf side

Upper Lower Upper Lower Upper Lower
D (count mm™?) 170 84 194 116 193 78
Ls (stomatal length, gm) 10.3 10.2 129 11.7 FL.2 13.8
Lg (guard cell length, um) 290 31.1 326 349 296 33.7
@pex (um ) 338 331 530 436 39.9 60.6
1 (um) 3.63 3.89 4.08 4.36 370 4.21
o (mol m~?s71)" 0416 0.197 0616 0.314 0.525 0.268
Bunee (mol m™2s71)* 0.665 0.316 0.986 0502 0.840 0.430
" Ratio 0f Zums OF L (Upper/Lower) 2.1 1.96 1.96 -

Central width of sampled foliar blade: = 1 mm.

* Lonss AN Gy are calculated by the equations as [ollows™: g = umue/ 1.6, Gurnax = % -D-a,../(I+ -—.’%Y- @,.../7), where d is the diffusivity

(diffusion coefficient) of water vapor in air (m

2g7"), vis the molar volume of air (m® mol '), D is the stomatal density, @, is

the maximum area of the open stomatal pore (Ls%/x), and ! is the stomatal pore depth (1g/8).
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