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Abstract

A combination of plant taxonomy, micromorphologicahd palynological characters wased to
systematically compare and studge status of the two closely related species, narbefopteris
laoshanensisaind D. championii Results showed that the sporophyllsDoflaoshanensisvere triangular
ovate, with 1 alternate pair of pinnae at the base of the sporgptotishortened,ral each alternate pair of
pinnae gradually shortened upwartlizome and petiolere densely covered with reddish brown ovate
lanceolate scaleghe soriare distantly placedrom the main vein spore perispore witlturved ridges
protrusions which is cleady different from theD. championii.The leaves oD. championiiwere ovate
oblong, 1pair of pinnaeat the base of théeavesslightly shortened, and the uppe#d Jairs of pinnaevere
extended in sequence, whighthe widest part of théeaves at the mddle, andthenthe pinnae gradually
shrinkng upward rhizome and petiolaredensely covered with dark brown lanceolate scafessori close
to main vein spore perispore withuberculiform and tuberculiformrugulate protrusiors. It provided
micromorphological and palynological evidences for therdtientity of D. laoshanensiandD. championii
as distinct species.

Introduction

DryopterisAdans. is a large worldide genusbelonging toDryopteriaceae and known as
wood fern. About 230species were known to be widely distributed in bith hemispheres,
mainly in Asia, especially from the Himalaya to China, Japan and Korea (China Flora Editorial
Board 2000)lt is one of the larggeneraof the Pteridophyte in China which is represertgd 27
species and?2 species from Shandorgryopteris laoshanensis X. Li et S. T. Maa new species
published in 1983Li and Ma1983 was recorded in the Flora of Shandodin¢n 1990, Flora
Reipublicae Popularis Sinicg€hina Flora Editorial Boar@000)and Fora of ChinahumpedD.
laoshanensisnith D. championiiand adopted th®. championii (Benth.) C. Chr. as a valid
species.There were manyomplexes in the species d&ryopteris and the morphological
characteristics of sporophytes #ome groupsre very similar to those of related species and
appeared to be difficult tdistinguish basednly on morphological characters of sporophytes.
recent yearsmany scholars have done a lot of useful work by combining the submicroscopic
strucure of spore morphology with morphological taxonpn@jang and Xi (1976, Zhang
(1979, Li et al (1996, 201} Liu and Zhao 1999, Lu et al (2007, Wanget al (2010) and.i et
al. (2019. Theyconducted palynological studies on more than 50 speciggsofjenusZhou et
al. (1989, Dinget al (1990 and Guoet al (1999 studied the morphology and anatomy of 11
specienf the Dryopteris These studies provide the basis of palynology and micromorphological
submicroscopic structure for the classification and identificatiorD.oflaoshanensisand D.
championii.
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Materials and Methods

The mature sporophylls and welkveloped spores &f. laoshanensid. X. Li etS. T. Ma and
D. championii(Benth) C. Chr. were identified by Prof. Jianxiu Li of the Shandong University of
Traditional Chinese Medicine, and all specimens were preserved in Shandong Xiandai University.
The classification name dflora of Chinawas adopted, spore perispore ornamentatiorre
described according to the concept of palynology (Wetrad 2010). The species name, collection
locality and voucher specimen information are presented in Table 1.

The sporophylls, rhizomes and scales on petiold3. ddoshanensiand theD. championii
were observednder the dissecting microscope. The pictfrposition of the sori on the back of
both sporophylls on both sides of the pinnae main veistaken.

The dorsal and ventral characterdoflaoshanensigndD. championiiwere taken from the
pinnae respectively. ffer SC7620 metal spraying for coating fomin, the materials were placed
under SUPRATM55 thermal field emission scanning electron microscope (SEM) to observe the
materialsthe magnification was from higix 1200) to low (x 800. When the voltage was stable,
focal length was adjusted to take the pictures.

The mature and welleveloped spores were taken fr@nlaoshanensigndD. championii
respectively, and temporary watgsicked tablets were made, the sizegwires was observed and
measured under an optical microscofiee 10 spores were selected for each species, and the
length of polar axis and equatorial diameter were measured respectively, and the average value
was taken. Then the spores dispersed evanihe specimen holder doutsigled adhesive paper,
after SC7620 metal spraying for coating fomin, the materials were placed un8&PRATMG5
thermal field emissiorBEM to observe the proximal side, distal side and equatorial side of the
sporesthe magnification was from higlx 5000) to low (x 1500). When the voltage was stable,
focal length was adjusted takenthe pictures.

Resultsand Discussion

The sporophyll oDryopteris laoshanensiare triangulaiovate, 60 cm long, 235 cm wide,
with 1 pair of pinnae at the base of the leaves are 15 cm long, not shortemedcondlternate
pair of pinnaewere14 cmlong, slightly shortened, and tapered upwaffeig. 1A); hizome and
petiole were densely covered with reddish brown ovateceolate scak thin scales with sharp
teeth on the edgd&ig. 1B); he soriarelocatedat midpointbetween the edge of thgnnae and
the main veinand distantly placeflom the main veir{Fig. 1C).

The periclinal wall of the upper and lower epidermipiohulesprotrudel outwards, the cedl
long and straighthanded in shapéhereareregular thick teeth on both sides of the anticlinal wall
(Fig. 3A-D, Table 2).

The polar viewof spores ar@blong, the equatorial viewg semicircular, and the perispore
have cuved ridgeprotrusions and thereare scales between the protrusiossrfaceand the
protrusionsforming a reticular sculpture (Fig. 4B; Table 2).

The sporophyll oDryopterischampionii(Benth.)C. Chr. are ovateoblong, 80 cm long, 22
24 cm wide, Ipair of pinnaeat the base of theeaves are 14 cm longlightly shortened, and the
upper 24 pairs of pinnaavere extended in sequence, whistthe widest part of theeaves and
the pinnae gradually shriimg upward(Fig. 2 A); thizome and petiolaredensely covered with
dark brown lanceolate scajehick scaleslong lanceolatemargin entireor small teeti{Fig. 2 B);
the sori were located on both sides of the main vein of the pinna, but very close to the main vein
(Fig. 2 C).
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Fig. 1. D. lacstanensis]. X. Li etS. T. Ma A. fant; B. scales; C. pinnae
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Fig. 2.D. championii(Benth.) C. Chr. A.lant;B. scales; C. pinnae
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The periclinal wall of the upper and lower epidermipioinules argrotrudel outwards, the
cells shortand curved, polygonalin shape irregularly polygonal on both sides of the anticlinal
wall are observedFig. 3&H; Table 2).

The polar viewof spores ar@blong, the equatorial viewg semicircular, and the perispore
have tuberculiformand tuberculiformruguate protrusiors, and thereare small scales on the
surface of the protrusions and between the protrusions, formingefinelar sculpturéFig. 4E-H;
Table 2),which is not found irD. laoshanensis

Distinguishing features of the species:

Rhizome and petiolare densely covered with reddish brown owdrceolate scalesf D.
laoshanensigFig. 1B), the sporophylls oD. laoshanensisre triangulaiovate, with 1 pair of
pinnae at the base of the leauest shortened, and each pair of piamgadually shrinking upward
(Fig. 1A); the soriare distatly placedfrom the main veinFig. 1C) which is clearly different
from the D. championij where hizomes and petioleare densely covered with dark brown
lanceolate scalg$ig. 2: B);thesporoplylls of D. championiiwereovateoblong, 1pair of pinnae
at the base of theporophyllslightly shortened, and the uppe# Dairs of pinnagvere extended in
sequence, whicls the widest part of thieaves and the pinnae gradually shringg upward(Fig. 2
A); the sori close to main veifirig. 2C).This provides atrongbasisfor the establishment @.
laoshanensiss a distinct species

The study of the spore morphology gometisporeornamentationsf pteridophytes by Zhang
and Xi (1976)and Zhang1979)is of great significance to the taxonomy of pteridophytes, not
only as an important basis for finding their position in plant taxa, but also as an important vouche
of the genetic relationship and phylogenetic evolutionary sequence between taxaeiand th
relatives. Warre and Wagn&r974) proposed that thperisporeornamentationsf pteridophytes
can be used as an important basis for judging the evolutionary relationship of pteridophytes at the
species and genus levels. In the same species, the nsanne morphology angerispore
ornamentatioawere consistent, its characteristivere stable, and thergere differences between
different specieslemy (1980)believed that the spore morphology of pteridophgtastribute to
the discovery of some new species. For exanipigopteris guanchicaf Dryopteriswas a new
species discovered through the ornamentation of the perispore wall. With the development of
science and technolog8EM is widely used in palynologyit is rapid, simple and accurate, and
gives people a clear effefiti et al.2019. The submicroscopic structure of spore morphology of
different pteridophytesaxa under SEM is of great significance in taxonomy, which provides a
palynological basis fothe establishment of new species. Bpere perisporef D. laoshanensis
was curved ridgegprotrusionswhile the spore perispore Bf. championiiweretuberculiformand
tuberculiformrugulate protrusiors. These were two completely different perispore
ornamentationswhich provides gpalynologicalbasis for the establishment Df laoshanensis.
According to the remarkable characteristics of the submicroscopic structure of the perispore,
combined with other characteristics of the sporophyll, one camgepathe treatment opinion of
Flora of Chinaand suggest restoring the statu®oflaoshanensid. X. Li et S. T. Maas a valid
namein taxonomy

Table 1. Source of materials.

Species Locality Collection time  Voucher or typus
D. laoshanensis Laoshangingdao 1982.09.16 J.X. Li-02013 (typus)
D. championii Mengshan, linyi 2020.08.15 X. J. Li 0026 (voucher)
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Fig. 3. Pinnule epidermis§EM) A-D. D. laoshanensisE-H. D. championij A-B, E-F. Upper epidermis
C-D, G-H. Lower epidermis
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Fig. 4. Sporemorphologies ofwo Dryopterisspecie{SEM). A. Spore inproximal view of D. laoshanensis
(1500x) B. Detail of spore iproximalview of D. laoshanensig5000x) C. Spore indistal view of D.
laoshanensi§1500x) D. Detail of spore imlistalview of D. laoshanensi¢5000x) E. Spore irproximal
view of D. championii(1500x) F. Detail of spore irproximal view of D. championii(5000x} G. Spore
in distalview of D. championii(1500x)and H. Detail of spore idistalview of D. championii(5000x)
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Table 2. Comparison of the main characteristics oD. laoshanensisand D. championii.

Species Scales Plant (Sporophylls) Pinnae

Colour  Figure  Shape Figure  Long and short Figure
D. laoshanensis Reddish Fig. 1: B Triangular Fig.1: A 1 pair of pinnae at the base of theig.1: A
J.X. Liet brown ovate sporophylls not shortened, amdch pair
S.T.Ma of pinnae gradually shorten upward
D. championii Dark Fig. 2: B Ovate Fig. 2: A 1 pair of pinnaeat the base of théeaves Fig. 2: A
(Benth.) brown oblong slightly shortened, and the-2 pairs of
C. Chr.. pinnaewere extended in sequence
Right side of the table
Pinnuleepidermis Sori location Spore
Cell shape Figure Location Figure  Ornamentation Figure
Cells long and straightpbanded inFig.3: A-D Located between the ed@ég. 1: C Curved ridges Fig.4A-D
shape;with regular thickteeth on of thepinnae and the main protrusions
both sides of the anticlinatall vein, and away from the

main vein

Cells short and curved, polygonal Fig.3: EH Closely located on botkig. 2: C Tuberculiform and Fig.4: EH
in shape with irregularly polygonal sides of the main vein of tuberculiform
on both sides of the anticlinal wall the pinna rugulateprotrusiors
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