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Microstructure of turfgrass
leaf epidermis: A Review

OMasakazu J. Ushilo
Axxion Corporation
Advanced Science Research Laboratory
Saitama Institute of Technology
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Plant leaf epidermis has important functions
for light absorbance for photosynthesis,

gas exchange including transpiration,
pathogen barrier,

and foliar fertilization.

..

However,

microstructure of turfgrass leaf epidermis has not been
studied sufficiently.

Object: To elucidate its mysterious microstructure totally and
to recognize the functions of this small giant plant and apply
its findings to the turf management.
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Fluorescence
Microscope,
Leica DM2500

Nano Search®

Microscope, Tabletop
Olympus+ Scanning
Shimadzu Electron
SFT 3500 Microscope,
HITACHI
Miniscope
TM3000

NANOTECHNOLOGY INNOVATION STATION, NIMS
NATIONAL INSTITUTE FOR MATERIALS SCIENCE, Tsukuba



Turf species for observation and analysis
Creeping bent grass: Agrostis stolonifera L.
Zoysia spp. : Z. japonica Steud.,

Z. matrella (L.) Merr.,,

Z. pacifica (Goudsw.) M. Hotta &

S. Kuroki,
Z. minima (Colenso) Zotov,
Z. macrostachya Franch. et Savat.



Agrostis stolonifera
Penncross

Stomata

-

Excellence award
Leica miCke




Difference of leaf epidermal cell shape and stomatal shape
between Z. pacifica and A. stolonifera sampled from golf

course green, x400 m

Stomata

Z. pacifica A. stolonifera

Ushilo, 2010



Micrographs to measure stomatal density and length
of A. Stolonifera Penncross

Fig. 1 Autofluorescence micrographs of foliar epidermis of the Penncross (A.
stolonifera), A to measure the stomatal density, X 200 and B to measure the
longitudinal length of closed stomata, X 400.

Ushilo & Ohsima, 2011



Stomatal density (count/mm?)

300

250

200

150

100

50

Z. matrella

& Upper ® Lower
p<0.01

A. stolonifera

Stomatal density comparison of Z. matrella and A. stolonifera

Graphing from Ushilo & Oshima, 2011



Maximum Stomatal Conductance to CO, and water vapor (g ., @and gwmax,
respectively) calculated from its density and size

Table 6. Calculation of maxmum stomatal (leaf diffusive) conductances to CO; (g, ma) and water vapor (g, max) 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. Ill, Leaf side
Upper Lower Upper Lower Upper Lower
D (count mm2)
170 84 194 116 193 78
Ls (stomatal length, 4 m)
10.3 10.2 129 11.7 11.2 13.8
Lg (guard cell length, 4 m)
29.0 3141 32.6 349 29.6 33.7
Bmax (W M D)
338 33.1 53.0 436 39.9 60.6
2 (um)
3.63 3.89 4.08 436 3.70 4.21
Eoma (Mol m 2™ *
0.416 0.197 0.616 0.314 0.525 0.268
Eumax (Mol M2 sh*
0.665 0.316 0.986 0.502 0.840 0.430

Ratio of £¢max OF &max
(Upper/Lower) 2.11 1.96

Central width of samoled foliar blade: =1 mm

i Somax @nd g,m., are calculated by the equations as follow 2
ngaX:ngaX/1 '6' gWI’ﬂaX: d/V.D'amax/(Q + n /2 ‘/_amax/-n- )

where d is the diffusivity (diffusion coefficient) of water vapor in air (m™
density, a,.,, is the maximum area of the open stomatal pore (£s?/T ), and € is the stomatal pore depth (Lg/8).

25", v is the molar volume of air (m® mol™"), D is the stomatal




Maximum Stomatal Conductance to CO, and water vapor
of A. stolonifera (Gcmax @Nd Gumaxe FESPECtively)

gcmaX: gwmax/1'6
Buma " D * A/ (£ + 22/ T)

where d is the diffusivity of water vapor in air (24.2X10°
m2-s71, 20°C), v is the molar volume of air (24X 103
m3+*mol?, 20°C) , a,,,: the maximum area of the open
stomatal pore (um? a_, =Ls?/m) , ¢: stomatal depth
(£=Lg/8) ,Ls: length of stoma, Lg: length of guard cell
Franks & Beerling

(2009)

Upper leaf g, = Lower leafg, . X2
(0.4-0.6 mol m2S1) (0.2-0.3 mol m2S1)

Ushilo & Ohshima , 2011



A. stolonifera ‘Penncross’
Partial cross section by a razor blade

Epidermis
Mesophyll

Vein

Ushilo & Ohshima, 2011



A. stolonifera ‘Penn A-1" Upper si%

Ushilo et al.,
2013




A. stolonifera ‘Penn A-4’ Abaxial side

Ushilo, 2010




A. stolonifera ‘Penn A-1" Adaxial s%

Ushilo et al.,
2013




Preparation for observation

Conductive double-sided tape

Ushilo et al.,
2017



Z. japonica 163, x400 =

Upper side

P N

S8 3 ¢ #8803 s SHT

s & 7 [ § ~

SB mean size area:
68.3 um?

<

Lower side

2016/04/15 14:08 AL D86 x400 200 um

SB mean size area:
100.7 um?

Ushilo et al.,
2017



Table 2. Mean density and size of foliar silica body of five Zoysia spp.

Abaxial SB Density > Adaxial SB Density

Abaxial SB Size Area > Adaxial SB Size Area

. Area =
Ad. Ab. Ad. Ab.
221.4c 9.0a 11.0d 7.6ab 10.6¢c 69.1a 116.8e
PR s st 6o ske  [EET
81.8ab 194.4d 7.7¢ 8.3bc 6.4c 7.4f 49.9b m
80.0ab 181.4de 8.6ab 8.9b 8.0a 8.7d 69.4a 78.3b
m 165.9ef 8.6ab 8.9b 7.3b 8.0e 63.7a | 72.2bc
Significantly Significantly

*Means followed by same letters within a column or within a pair of “adaxial” and

“abaxial” of same species in each category are not significantly different, using Tukey’s

test at the p<0.05.

Ushilo et al., 2017



Z. japonica 163 Abaxial side, x400

Midri
b
Ushilo

2016/04/15 14:08 AL D8.6 x400 200um  ©tal,
2017




Silica body and Kranz anatomy of
Z. japonica

Adaxial SB mean density and size:
342.8 no. mm=2and 69.1 um?

SB mean density and size:
885.6 no. mm2and 116.8 um?

100 um

Sclerenchyma

Micrograph courtesy of Dr. Carmo-Silva, A.E. et al., 2009.
Amer. J. Bot. 96:1222-1235.



Upper leaf papillae of Zoysia matrella

128.000um

36.000um

18.000

84.000um




Micro-lens of camera sensor

In the case of the Max sensor, the conducting paths are not LEICA FOTOGRAFIE

made out of the usual aluminium, but out of copper.

This makes them particularly thin, so that the filter and the INTERNATIONAL 1/ 2013

specially shaped micro-lens shift closer to the chip, making it
more sensitive to the light's incident angle

(Ushilo et al., 2013)



Nanofiber-like structure of wax crystal

30
Papillae and stoma Z. matrella upper side, x 2500 o Papilla of Z. matrella upper side, x
| 30000

. D44 x12k  50um

o 3.0 um
Stomatal opening Z. matrella upper side, x 30000 A. stolonifera upper side, x

12000 hilo et al., 2014)



Summary

Zoysia spp. A. stolonifera

- Zoysia spp. A. stolonifera
e —— L

Stomata ©

Papillae - ©

SilicaBody g @) ©

Wax fiber - .- © © © ©
Prickle hair © (@)

Turfgrass leaf epidermis has complex microstructures, suggesting that they function for
growth efficiency and survival strategy. Especially Zoysia spp. appear to develop more

elaborate structure and perform photosynthesis more effectively than A. stolonifera
under the favorable condition of C, plant.
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Brachionus plicatilis O. F. Miller
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