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Abstract: Nearly half species in the family Gramineae in Taiwan
were examined anatomically. The Kranz syndrome based on leal blade
anatomy is characterized by the presence of Kranz sheath, the few number
of maximum cells count and short interveinal distance. A preliminary
checklist of C; and C, grasses in Taiwan was presented and determined
by the non-Kranz or Kranz syndrome. Of 109 species out of 150 species,
were recognized as C; and the others were assigned as C;.  Some aspects
of the above criteria in related to each subfamily were also described and

discussed.

INTRODUCTION

The grass family (Gramineae or Poaceae) is one of the largest family of
flowering plants in the world as well as in Taiwan and contains many important
cereals, forages and weeds. Their economic significance keeps them as an import-
ant group to study (Gould and Shaw, 1983; Hsu, 1975; Jones, 1985). In Agrostology,
anatomy has its long term influence in traditional and modern research on grasses
(Brown, 1958; Metcalfe, 1960; Decker, 1964; Clayton, 1981; Clifford and Watson,
1977; Hilu and Wright, 1982; Ellis, 1986). Haberlandt described two major types of
leaf anatomy in 1882, one with Kranz sheath surounding the vascular tissue. He
has predicted that the Kranz may be equipped with some special physiological
function (Haberlandt 1914). This prediction was elucidated after the discovery
of the C, photosynthetic pathway and the extensive studies of the C, syndrome
(Jones, 1985). The C, plants are fundamentally different from the C; plants in
having C; syndrome such as Kranz syndrome of leaf anatomy, C, metabolism,
high CO, compensation point, and low “C/BC ratio etc. (Laetsch, 1974; Brown,
1975). It is clear that C, plants are found at least in 20 families of flowering
plants, including the Gramineae (Kanai, 1981). The reason to study C, grasses is
already stated by Jones (1985) and it is also understood that grass family contains
both C; and C, species, C;-C; intermediate species and species with different sub-
type of C,; dicarboxylic acid pathway (Gutierrez ef al., 1974, 1976;: Brown, 1977).
Leaf anatomy provides many useful criteria for the prediction of photosynthetic
pathway in grasses. These criteria are available merely from the cross section
of leaf; including the morphology of bundle sheath, arrangement of mesophyll,
interveinal distance, maximum cells count and presence of mestome sheath, and
are extensively applied by many authors (Downton and Tregunna, 1968; Brown,
1975; Hattersley and Watson, 1975, 1976; Crookston and Moss, 1974).

Some checklist of C, species were compiled from works dealing with various
aspects of C; photosynthesis (Downton, 1971, 1975). The other work focusing on
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large taxa such as Dicots and/or Monocots was also reported (Welkie and Cald-
well, 1970. Rafhavendra and Das, 1978). Among grasses, a lot of work dealing
with various C, syndrome was noticcable (Brown and Gracen, 1972; Brown, 1974;
Hattersley and Watson, 1975; Smith and Brown, 1973). Dealing with the taxa of
Taiwan grasses, a total of five subfamilies (excluding bamboos), 27 tribes, 118
genera, 289 species, onc subspecies, 39 varieties and 8 forms have been recorded
(Hsu, 1971). Here we present a preliminary checklist of C, and C, grasses in
Taiwan based on the Kranz syndrome of leal anatomy as described above by
examine large amount of paraffin sections.

MATERIALS AND METHODS

Fresh materials were fixed in FAA, dehydrated with TBA secries and embedded
in paraffin. Transverse sections of 10-15 zm thick were cut at the mid-region of
mature leaf blades. Permanent preparations were made after staining in Delafield’s
Hematoxylin. The voucher specimen of materials and the permanent slides are
deposited at the herbarium and lab of Department of Biology of National Cheng-
Kung University respectively (Table 1). The criteria of leaf anatomy that have
been used for predicting the C; or C, grass by previous authors were followerd,
including the type of bundle sheath, the interveinal distance, and the maximum
cells count. Besides, the reference dealing with various work of C; photosynthesis,
the other C; syndromes if available, were also cited to each Taiwan grass. A data
base file, “Taiwan grass leaf anatomy”, was constructed with the File Maker plus
package of program running on Macintosh computer. The record of this file
contains following fields including species, subfamily, voucher slides, maximum
cells count, interveinal distance, Kranz sheath, prediction and reference. Based
on the Kranz syndrome of leal anatomy as described above, a preliminary check-
list of C; or Cy grasses in Taiwan was presented (Table 1).

OBSERVATIONS AND DISCUSSION

Observation on the presence, size and distribution of the chloroplast in the
bundle sheath cells is the criteria most often used to predict the pattern of photo-
synthesis. (Downton, 1971; Brown, 1977). In general, C, plants have Kranz type
arrangement of leaf anatomy in which the vascular bundles are surround by a
chlorenchymatous sheath of large thick-walled bundle cells with chloroplast larger
than that in mesophyll. Comparing with previous works, this Kranz sheath shows
definite correlation with other C, syndrome (Table 1). This result reveals that
this traditional method is still valuable in predicting the photosynthetic pathway
in Taiwan grasses. The other criterion is to count the number of chlorenchyma
cells of mesophyll located between two adjacent bundle sheath. This criterion,
the maximum cell count, has been extensively used by Hattersely and Watson
(1975). In Taiwan grasses cxamined, this data were fairly correlated to the Kranz
sheath. As Hattersely and Watson (1975) have already stated that the C, grasses
have the maximum cell count of more than 4 and the C, grasses ranging from
2-4. The following subfamilies including Oryzoiedeae, Arundinocideae and Festuco-
ideae were all with the maximum cell count more than seven. In Eragrostoideae
this number ranges from two to four. It shows great variation in the subfamily
Panicoideae as follows: two to four in tribe Andropogoneae, four to ten in the
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Species

Alloteropsis semialate (R. Br.) Titche.,
Apluds mutica L.
Arthraxon hispidus (Thunb.) Makino

Arundinella hirta (Thunb.) Tanaka
Arundinella setosa Trin,
Axonopus affinis Chase
Axonopus compressus (Sw.) P. Beauv.
Bothriochloa glabra (Roxb.) A. Camus
Bothriochloa intermedia (R. Br.) A. Camus
Bothriochloa ischaemum (L.) Keng
Brachiaria mutica (Forsk.) Stapf
Brachiaria subguadripara (Trin.) Hitche.
Capillipedium assimile (Steud.) A. Camus
Cenchrus echinatus L.
Chloris barbata Sw.
Chrysopogon aciculatus (Retz.) Trin.
Coix lacryma-jobi L.
Cymbopogon citratus {DC.) Stapf
Cymbopogon tortilis (Presl) A, Camus
Cymbopogon winterianus Jowitt
Cynodon dactylon (1..) Pers.
Dactyloctenium aegyptium (L.) Beauv.
Dichanthium annulatum (Forsk.) Stapf
Dichanthium aristatum (Poir.) C.E. Hubh.
Digitaria heterantha (Hook. f.}) Merr.
Digitaria radicosa (Presl.) Miq.
Digitaria radicosa (Presl.) Miq.

var. hirsuta (Honda) C. Hsu
Digitaria sericea (Honda) Tonda
Digitaria setigera Roem. & Schult.

Digitaria violascens Link
Diplachne fusca (L.) Beauv.
Echinochloa colonum (L.) Link
Echinochloa crus-galli (1..) Beauv,

Eleusine indica (L.) Gaertn.

Enteropogon dolichostachyus (Lag.) Keng

Enteropogon gracilior Rendle

Eragrostis amabilis (L.) Wight & Am.
ex Nees

Erogrostis ciliaris (1..) R. Br.

Eragrostis cumingii Steud.

Eragrostis curvula

Eragrostis ferruginea (Thunb.) Beauv.

Eragrostis nevinii Hance

Eragrastis pilosissima Link

Eragrostis unioloides (Retz.) Nees ex Steud.

Eremochloa ophiureides (Munro) Hack.

Voucher?

£18 43 g379
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Table 1. The checklist of C; and C; grasses in Taiwan (Continued)
Species Voucher! Kranz* Reference(s)?
Eriochloa procera (Retz.) C.E. ITubb. g8 g126 202 g216 g219 K
Hackelochloa granularis (L.) Ktze, gl21 K
Hemarthria compressa (L. f.) R. Br. 130 K
Heteropogon contortus (1..) Beauv, ex
Roem. & Schult. gl g226 K cl/9, o—/3
Imperata cylindrica (L.) Beauv. el7 213 K
Ischaemum harbarum Retz. var.
gibbum (Trin.) Ohwi t48 gll6 K
Ischaemum indicum (Houtl.) Merr. 26 134 t36 gl52 g179 K
Leptochloa chinensis (1..) Nees 2348 g312 K
Leptachloa panicea (Retz.) Ohwi 2133 g290 K
Lepturus repens (G. Forst.) R. Br. 2138 g251 K r+/12
Microstegium ciliatum (Trin.) A, Camus 2129 gl46 gl50 gl71 K
Microstegium dilatatum Koidz, gd6 g74 g190 K
Microstegium fauriei Honda o184 g195 K
Microstegium vimineum (Trin.) A. Camus gl77 gd6 g74 gl190 K
Miscanthus floridulus (Labill.) Warb.
ex Schum. & Laut. 243 gl87 K
Miscanthus sinensis Anders, g73 K
Miscanthus transmorrisonensis Hayala 2157 gl96 g292 K
Muhlenbergia longistolon Ohwi 2192 g245 K
Panicum dichotomiflorum Michx. 8286 g287 K cl/9, r+/12
Panicum maximum Jacq. t5 t8 K cl/9, m4/6, 7, 8,
r+/12
Panicum paludosum Roxb. 3 (4 g238 g239 g370 K
Panichum repens L. AtTt21 Lt 17 K cl/11, o—/10
Pasparum conumersonii Lam. 166 K
Paspalum conjugatum Berg. 294 t18 t73 K cl/9
Paspalum dilatatum Poir. L1 165 gl19 gl55 g274 K cl/4, 9
Paspalum distichum L. 57 139 t70 K clf4, 9
Paspalum longifolium Roxb. 101 53 K
Paspalum notaium g137 g322 K
Paspalum orbiculare Forst. gl9 35 68 K
Paspalum plicatum gl134 K
Paspalum scrobiculatum 1. 2297 K
Paspalum thunbergii Kunth ex Steud. 167 gl63 K
Paspalum urvillei Steud. 164 1102 g325 K cl/9, 10, o—/10,
r4/12
Pennisetum alopecuroides (1.) Spreng. 2159 g358 K
Pennisetum cladestinum Hochst, ex Chiov, 2242 K
Pennisetum purpureum Schumach. 100 K m4 /8
Pennisetum setosum (Sw.) L.C. Rich. 2180 K
Pogonatherum crinitum (Thunb.) Kunth 288 128 K
Rhynchelytrum repens (Willd.) C.E. Hubb., g29 K
Rotthoellia exaltata 1.. 1. 2326 K
Saccharum officinarum L. 2200 K cl/4,9, m4/8, r+/12
Saccharum sinensis Roxb. g103 K
Saccharum spontaneum L. t44 K
Schizachyrium brevifolium (Sw.)
Nees ex Buse 52 33s K
Setaria geniculata (Lam.) Beauv. t57 g30 gb4 gl69 K
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Table 1. The checklist of C; and C; grasses in Taiwan (Continued)

Species Voucher!
Setaria pallide-fusca (Schumach.)

Stapf & G.E. Hubb. gl58
Setaria palmifolia (Koen.) Stapf £40 £95 24 g172
Setaria plicata (Lam.) T. Cooke gl49 g240
Seraria verticillata (L.) Beauv. 230
Setaria vilidis (L.) Beauv. g3l
Sorghum bicolor (L.) Moench 8201
Sorghum halepense (L.) Pers. g2
Spinifex littoreus (Burm. f.) Merr. 101
Spodiopogon lainanensis Hayata g72 gl25
Sporobolus diander (Retz.) Beauv. 133 gl76
Sporobolus fertilis (Steud.) W.D. Clayton gll 220 t19 113 349
Sporobolus hancei Rendle 2372
Sporobolus virginicus (L.) Kunth g36 gl0s
Stenotaphrum secundatum (Walt.) Kuntze p198
Themada japonica (Willd.) C. Tanaka gl28
Themeda caudata (Nees) A. Camus g128
Thuarea involuta (Forst.) R. Br. ex Roem.

& Schult, 256 g139
Zea mays L. g102
Zoysia sinica Tance 235

Agrostis arisan-montana Ohwi
Agrostis clavata ‘I'rin.
Agrostis fukuyamae Ohwi

Alopecurus aequalis Sobol, var, amurensis
(Komar.) Ohwi

Arundo donax L.

Arundo formosana Tack.

Avena sativa L.

Brachypodium sylvaticum (Huds,) Beauy.
Bromus catharticus Vahl.

Cyrtococcum accrescens (Trin.) Stapf
Cyrtococcum patens (L.) A. Camus

Deschampsia caespitosa (L.) Beauv. var.
festucaefolia Honda

Deschampsia flexuosa (L.) Trin.
Festuca takasagoensis Ohwi
Ichnanthus vicinus (F. M. Bail.) Merr.
Fsachne albens Trin.

Isachne globosa (Thunb.) Ktze.

Isachne kunthiana éWcighl. & Arn.)
Nees ex Steud.

Isachne nipponensis Ohwi

Leersia hexandra Sw.

Lophatherum gracile Brongn.
Oplismenus compaositus (1..) Beauv,
Oryza sativa L.

Panicum brevifolium L.

Panicum incom{um Trin.

Panicum notatum Retz.

Phalaris canariensis

g51 253 ags9 g183
glll
60 g59b
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280

238 270 £97
2203

g62 gl07 glgo
£93

g44 g55a

g99 54 51 S
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27 g7 gl51 gl8s

gl153
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17

292 gl167

42

g55b
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g75 g42 gl31
g54
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r-/12, ch/4, 9
r—12, ch/9
r—12

ch/9
r—12
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Table 1. The checklist of C; and C,; grasses in Taiwan (Continued)
Species Voucher' Kranz® Reference(s)?
Phragmites communis (L.) Trin. 2189 N r—/12

Phragmites karka (Retz.) Trin. ex Steud. gl66 N
Poa acroleuca Steud, 52 g26 gl10 N
Poa annua L. 263 N ch/9
Poa sphondyades Trin. var. kelungensis
(Ohwi) Ohwi 37 N
Poa takasagomontana Ohwi g6l N
FPolypogon fugax Nees g49 gl191 gl81 N
Polypogon monspeliensis (L.) Desf, g207 N
Sacciolepis indica (1..) Chase 120 140 N
Sphaerocaryum malaccense (Trin.) Pllger 2160 N
Thysanolaena maxima (Roxb.) Kize, g39 g87 N
Trisetum bifidum (Thunb.) Ohwi £53b g182 N
Triticum aestivam L. £202 N ch/1,9, o+ /3, m3/6,
p+/5
Zizania latifolia (Griseh.) Stapf 2199 N
Notes:
1. Voucher(s) of paraflin seclions.
2. K—show Kranz syndrome; N—show non-Kranz syndrome.
3. Each reference was cited as the following format “symbol/reference(s)”. [e.g. r--/2, ¢l/9, 10]
Symbols:
r, determined by isotopic ratio; r4+—high ratio, r-—Ilow ratio.
¢, determined by CO. compensation point; ch—high, cl—low.

, determined by metabolism; ms—Cs, m—C,.

m
o, determined by oxygen cffect on photosynthesis; o-l-—inhibited, o-—uninhibited.
p, determined by photorespiration; p--—high, p-—Ilow.
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tions: differential response of temperate and tropical grasses. Planta 78: 79-84.
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tribe Isachneae and one to ten in the tribe Paniceae. In Isachneae, with the
exception of Isachue albens shows a C, grasses with the count lesser than 4. In
Panieceae, only the lollowing C; grasses Cyrtococum accrescens, C. patens, Oplismenus
compositus, Panicum bisulcalum, P. brevifolium, P. incomlum, P. nolatum and Sacciolepis
indicim have the maximum cell count more than 4. The data of the counts of
interveinal distance were frequently presented in the report on productivity of
agricultural plant. There are some general counclusion that the plant with
shorter interveinal distance may have higher net photosynthetic productivity,
lower CO, compensation point and oxygen insensitive than that with longer one
(Takeda and Fukuyama, 1971; Crookston, R.K. and D.N. Moss, 1974; Morgan and
Brown, 1979). Apparently it is a convenient criterion for predicting the presence
of C; syndrome. In the present observation, we found that this distance varies
from 50-450 pm. A considerable variation also occurs in the subfamily Panicoideae,
uniformly less than 150 gm in tribe Andropogoneae, with higher value more than
200 pm in the tribe Isachneae and with diversity in the tribe Panicae. In general,
most species with other Kranz syndrome also have short distance less than 150 gm.
There were a few exceptions in Eragrostoideae, only FEleusine indica has slightly
higher measurement of 190 zm and in Arundioideae and Festucoideae, Arundo donax,
Arundo formosana and Poa lakasagomontana have short distance less than 150 gm.
This data were compatible to both of Crookston and Moss (1974) and Morgan
and Brown (1979), but quite different from that of Takeda and Fukuyama (1971).
As we can realize that the parallel venation of grass usually turns to become
narrower both basipetally and acropetally. Takeda and Fukuyama (1971) examined
and measured this distance at the base of blade and they stated the higher CQO,
compensation point grasses (C, grasses) still have a very short distance between
75-130 pm. However this difference and some exceptions should not be ignored,
we should be careful to use this criterion as a Kranz syndrome. According to the
variable aspects of the above criteria in related Lo each subfamily, we would like
agree with the suggestion made by Ellis (1986) that high priority should be given
to the studies of the Panicoideae.
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