Morphological Study of Duchesnea (Rosaceae)
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Abstract

The morphological characters of three taxa of Duchesnea, D. chrysantha (diploid), D. indica
(dodecaploid), and heptaploid and octopleid of D. X harakurosaiae, were compared. D). X
harakurosawae is a natural hybrid between D. chrysantha and D. indica. Two types of hybrids are
closer to D. indica rather than the intermediate of D. indica and D, chyysantha. Moreover, the
heptaploid is monecloser to D. indica than the octopleid.

A single morphological character is not useful to recognize any of these taxa, since the range
of variation of each character overlaps. However, each taxon is recognizable by using a

combination of some floral and leaf characters.
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Introduction

Duchesnea (Rosaceae), consisting of D, chrys-
antha (ZOLL. et MOR,) MIQ. (dipleid)} and D. indica
{ANDR.) FOCKE {dodecaploid), has a wide distribu-
tional range in Asia, and at present widely
naturalized in all continents. In Japan, these
plants are common weeds occuring from
Hokkaido to Okinawa (OHWI, 1953 ; KITAMURA
and MURATA, 1961 ; HATUSIMA, 1971).

The heptaploid hybrid, described as D.x
harakurosawge NARUHASHI et SUGIMOTO (1986),
was firstly reported by HARA and KUROSAWA
{1959) and later the other octoploid hybrid also
discovered (NARUHASHI et al., 1986). Cytological
studies (NARUHASHI and IWATSUBO, 1991a,
1991b) demonstrated that the chromosome
number of D. indica was not simply multiplied
that of D. chrysantha. The occurrence of two
types of hybrid was high percentage (about 20%)
of total populations examined in Fukui Prefecture
and Sado Island (NARUHASHI ef al., unpublished).
At these areas, it makes difficult to identify the
parental species and two hybrids are morpho-

logically very similar to each other. Therefore,
these plants including the heptaploid and the
octoploid were examined in morphological field
to clarify their morphological characteristics.

Materials and Methods
Materials were collected from Toyama Pref.,

Ishikawa Pref. and Fukui Pref., and counted their

chromosome numbers.

The measurments of following morphological
characters are taken:

1. Rosette diameter of plant before runner
elongation at early spring. (n: number of
samples =30}

2. Number of rummers per plant, length of
internode, and length of the longest runner.
(n=20)

3. Number of stamens and pistils. (n=30)
Length, width, depth of depression, area,
length/width, and depression/length of petal,
(n=30

5. Length, width, and length/width of calyx.
{n=20)
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6. Length, width, number of incisions and
length/width of epicalyx. {(n=20}

7. Polar length, equatorial diameter, and polar
length/equatorial diameter of pollen grain.
{(h=15})

8. Height, diameter, and height/diameter of
false fruit. (n=230)

9. Length, thickness, width, length/width and
length/thickness of achene. (n=20)

Weight of achene.

10. Length, width, length/width, number of serra-
tions, number of double serrations, and
double serration nr./serration nr. of terminal
leaflet, Ratio of presence/absence of double
serration in terminal leaflet. (n=20}

11. Number of serrations of lateral leaflet. (n=
20)

12, Area and dry weight/area of leaf.

13. Length, width, and length/width of stoma.
{n=20)

Pollen grains preserved in 70% alcholic solution
and dried specimens of leaves were observed.

Result
Duchesnea forms a rosette in winter, sprouts
several runners in spring, and makes a flower at
the third node on the runner. Rosette diameter
and runner length are useful for comparison of
their plant sizes. Rosette diameter before runner
develops is shown in Table 1. The mean value of

diameter is the smallest in D. chrysantha, inter-
mediate in the heptaploid and the octoploid of
D, X harakurosawae, and the largest in D. indica.
But their ranges overlapped.

Measurements of runner are shown in Table 2.
Values measured of the runner in D. indice and
two types of D. X harakurosawae are lager than
that of D. chrysantha. Moreover, the maximum
value of runner length is recorded in D. X
harakurosawae. This might be explained that the
hybrids are sterile, therefore the energy which
should be invested in fruit is spent in runner.

Length of internode of D. chrysantha are about
1/2 value of other two taxa.

In body size, D. X harakurosawae and D. indica
are similar to each other and larger than D.
chrysantha. This coincides with a previous study
(SUGIMOTO and NARUHASHI, 1981).

Values of measurement of floral parts are
shown in Table 3.

Numbers of stamens and pistils on three taxa
show almost the same values. On the other hand
D, chrysantha is smaller than other taxa in both
calyx and epicalyx size. The heptaploid of D, X
harakurosawae is slightly smaller than the octo-
ploid of D. X harakurcsawae and D. indica.

Of floral parts, petals are the most clear
indication of the morphological difference in
these taxa. The polygraphs showing values of
measurement of 15 characters are presented in

Tablel. Rosette size. (Mean$SD)
D. chrysantha D. X harakurosawae D. indica
{7%) (8X)
Diameter (mm) 5818 87114 88113 100+9
(range) (21-111) (43-141) (51—144) (45—158)
N* 20 9 16
* Number of populations.
Table2. Measurements of runner.
D. chrysantha D. X harakurosawae D. indica
(7X) (8%}
Number of runners / plant 3.1£0.6 3.6+0.6 3.0x1.2 3.1+0.9
{range)} (1-10) {(1-10) (1—11) (i—7
Internode length (mm) 46+6 1084 106422 10817
Longest runner {(mm) 532+134 1463+214 1363+£411 1321+215
Max, runner length (mm} 1304 2591 3115 2358
N 8 5 7 9
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Table 3. Measurements of sexual organ.
D. chrysantha D. X harakurosawae D. indica
(7X) 8X)
Pistil & Stamen
pistil nr. 232.2+25.4 244.4+19.9 248.5+35.4 239.0149.2
{range) (118—394) (152—366) (158 —407) {142 —456)
stamen nr. 20.6+0.4 20.8+0.7 20.9+0.7 20.7+0.6
(range) (20—26) {20—27) (20—29) (20—26)
N 13 4 10 9
Petal
length(1) (mm) 7.3%£0.3 8.44+0.6 9.1+0.9 9.0+0.7
(range) (6.3—9.0) (6.5—9.8) (7.3—10.4) (8.1—10.8)
width(w)} (mmy} 6.5+£0.4 5.9%£0.4 7.2+0.7 6.0+0.5
(range) (5.6—8.3) (4.8—6.9) (5.6-7.6) (5.4—7.4)
depression(d) (mm) 0.39%0.10 0.07£0.02 0.250.07 0.0940.04
(range) (0.05—0.73) {0.00—0.27) (0.05—0.41) (0.00—0.29)
1/w 1.13+0.03 1.44+0.01 1.27+0.04 1.50+0.06
(range) (0.84—1.32) (1.28—1.56) (1.16~1.43) (1.34—1.74)
d/1x100 5,2541.22 0.804:0.25 2.57+0.97 0,960.41
{range) (0.45—8.78) {0.00—2.88) (0.56—4.41) (0.00—2.84)
area {mm?) 35.1+3.4 37.4%£5.4 49.54+9.9 41.9+6.0
(range) (25.5—50.6) (23.7—48.1) (31.9—58.2) (32.7—60.2)
N 10 8 11 8
Calyx
length(1) (mm) 7.6£0.4 7.9x1.0 9.1+1.2 9.7£1.5
width(w) (mm) 3.8x0.1 3.7+£0.4 4,1x0.4 4.5+0.6
/w 1.9440.,07 2.14%0.13 1.9640.38 1.91%+0.19
N 11 4 10 10
Epicalyx
length{l) (mm) 7.3x+0.6 7.7x1.1 9.8x1.6 9.6t1.4
width({w) (mm) 5.5+0.7 6.2+1.1 8.7+1.8 8§.2+1.5
1w 1.36+0.12 1.224+0.06 1.15£0.06 1.20£0.07
incision nr. 4.0+0.5 3.7x0.4 4.7£0.4 4.1+£0.6
{range) (3—7 (3-6) (3—-7 (3—6)
N 11 4 10 10

Fig. 1. These polygraphs explain that the hepta-
ploid of D. X harakurosawae and D. indica are
similar to each other, and are distinguishable to
D. chrysantha and the octoploid of D. X
harakurosawae. The difference of the polygraph
shape hase mainly resulted from factor E, F, and
G, but other factors are not efficient. As recogni-
tion of the shape of petals, length/width ratio,
depression/length ratio and area of petal are
chosen, and the results are shown in Fig. 2. In the
figure, the spots of D. indica and the heptaploid of
D, X haradkurasawae make a crowd.

In D. chrysantha, petals are small, wide and
depressed, while they are long and a little
depressed in D. indica. The petals of the octoploid
of D. X harakurosawae are large, wide and
depressed, and intermediate between the parents

in the shape. In the heptaploid, on the other hand,
petals are similar to that of D. indica , but slightly
smaller (Fig. 3).

Duchesnea X harakurosawae never produces
normal pollen grains, and therefore no receptacle
enlargement and no mature seeds produce.
Mesurements of fruiting receptacles and achenes
of D. chrysantha and D. indica are shown in
Table 4.

In both of D. chrysanthe and D. indica pollen
grains are tricolpate and have opercula. The
pollen grains of D. indica were larger than those
of D. chrysentha, but the values of the ratio of
equatorial diameter to polar length are nearly
equal, The values of pollen sizes of these plants
reported by IKUSE (1956), SHIMAKURA (1973),
MAAS (1977), and NARUHASHI and TOYOSHIMA
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Fig.1. Polygraphs showing variations in 15 morphological floral characters.

1: D. chnysantha, 11 : D, X harakwrosawae 7X, Il D. X havakurosawae 8X, IV : D. indica. A : Number of
pistils; B: Number of stamens; C: Length of petal (mm); D: Width of petal (mm)}; E: Depth of
depression (mm); F: Length / width of petal; G: Depth of depression / length of petal (x100): H: Area
of petal (mm?®); I: Length of calyx (mm); J: Width of calyx {mm); K: Length / width of calyx: L:
Length of epicalyx (mm); M: Width of epicalyx {mm); N : Length / width / of epicalyx ; O: Number of
incisions,
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Fig.2, Trimensional diagram indicates three morphological characters of petal.
A: Length / width of petal ; B: Depth of dipression / length of petal {(<100}; C: Area of petal (mm?).
®: D chrysantha ; A D. X harakurosawae TX ; B D. X havakurosawae 8X ; O: D. indica.
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Table4, Measurements of pollen
grain, false fruit and achene.
D. chrysantha D. indica
Pollen grain

polar length 99 141.7 95.941.2
(o) (umy 20-1EL A=l
(range) (25.3—-35.3) (31.4—41.7)
Fig.3. Typical petal shapes. (bar indicates 5 equatorial diig;e&;l) 23.541.8 99.3+1.0
mm) I, II, II, & IV {See, Fig. 1).
(range) {18.7—29.3) (24.0—33.7)
ple 1.25+0.04 1.23£0.04
(1979), are not agree with this result. This might {range) (1.10—1.45) (1.08—1.42)
be thought the differences resulting from the N 10 8
different treatments or methods of materials. False {ruit
In Duchesnea receptacles enlarged after pollina- height(h) (mm) 9.1£0.9 12.8x1.8
tion are called false fruits. Namely a false fruit {range) (6.4-12.7)  (7.7-18.7)

s : diameter(d) (mm) 11.1%1.1 15.8+1.8
consists of an enlarging recepracle and numerous

. {range) (8.5—15.2) (10.0—-21.1)
achenes on it. The enlarged receptacles of ). h/d 0.8240.04 0.8140.04
chrysantha are whitish pink and those of D. indica (range) (0.69—1.03) (0.67—1.03)
are brightly red. The false fruits of D. ndica are N 10 7
larger than those of D. chrvsantha. The values of Achene
height/diameter of false fruits were similar to fength{l} (mm}  1.05£0.03  1.2340.08
each other. Regression line is h=10.75d+0.66 (r=0. (range) (0.93—1.18) (0.98—1.54)
84) in D. chrysantha, and h=0.83d+0.47 (r=0.87) thickness(t) (mm)  0.61£0.02  0.64:£0.03
in D. indica. Therefore, false fruits of D, chays- (range) (0.66-0.59) (0.70~1.19
’ width{w) (mm} 0.80£0.03 0.89+0.06
antha show rather flatter shape than those of D, (range) (0.43—0.76) (0.48—0.76)
indica. 1/w 1.3150.02  1.39+0.06
The achene is larger and heavier in D. indica w/t 1.33+0.02 1.39+0.05
than D. chrysantha (Table 4). The shape of achene N 10 15
in D, indica is rather stimer than D. chrysantha. weight(mg) 0.23:£0.03  0.33%0.03
The values (1.22%0.65X0.99 in D, chrysantha ; 1. {range) (0.19-0.26) {0.27—0.41)
29%0.78X0.89 in D. indica) of KASAHARA (1976) N 17 15

disagree with this result.

| IV

Fig. 4. Polygraphs showing variations in 12 morphological characters of pollen, false fruit and achene.
I & IV (See, Fig.1). A: Polar length (¢m); B: Equatorial diameter (#um); C: Polar length / equatorial
diameter ; D: Height of false fruit (mm); E: Diameter of false fruit (mm); F: Height / diameter of false
fruit ; G: Length of achene {mm); I ; Thickness of achene (mmy); 1: Width of achene {mm); J: Length /
width of achene; K: Width / thickness of achene; L: Weight of achene (mg).
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In the mean value of size on pollen grain, false
fruit and achene, a clear distinction between D,
chrysantha and D. indica is recognized. These
sizes above mentioned of D. indica are larger
than those of D. chrysantha (Table 4 & Fig. 4).

A leaf consisting of three leaflet, i.e, one
terminal leaflet and two lateral leaflets, has a
long petiole and two lanceolate stipules, A termin-
al leaflet is obovate. A lamina is vellowish-green
in D, chrysantha, and dark or deep green in D.
indica. Tn D. X harakurosawae, the lamina colour
is intermediate or nearer to those of D. inidica.
The basal part of petiole is brownish-red in D.
chrysantha, and purplish-red in other two taxa.
Lateral leaflets in each taxon often deeply divided
into two parts and therefore the leaves appear to
be digitately five leaflets.

The measurements of leaves are shown in
Table 5, and the lamina silhouettes of each taxon
are shown in Fig.5; the shapes of lamina and
serrations vary considerably even in each taxon.

Duchesnea chrysantha has rather obtuse, wide,
thin and double serrated leaves, while D. indica
has acute, thick and little double serrated ones.

|

11

111

*
-
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Those of D, X harakurosawae are larger than D.
chrysantha and show a range from resemble to D.
indica to intermediate of two species. In the
variation range, heptaploid is nearer to D. indica
than octoploid {Table b & Fig. 6).

Discussion .

Duchesnea chrysanthe has small size of plant,
rather thick rhizome, yellowish green thin leaf,
late obovate terminal leaflet with many double
serrations, reddish brown basal part of petiole,
obcordate petal, small pollen grain size, small
false fruit size with whitish pink colour, and
rugose-reticulate small achene. While D. indica
has large size of plant, no thick rhizome, green to
dark green rather thick leaf, rhomboideus termin-
al leaflet with rare doublé serrations, reddish
purple basal part of petiole, obovate petal, large
pollen grain size, large false fruit size with
brilliant red colour, and weak rugose-reticulate
large achene.

Duchesnea X harakurosawae is considered as a
natural hybrid between above two species and the
hybrid consists of the heptaploid and the octo-

&
<
o

oo

g IR

—————

Fig.5. Variations of leaf shapes. (ber indicates 5cm)

I, 11, 1Il, & IV (See, Fig. 1).



December 1991

J. Phytogeogr. & Taxon.

Vol. XXXIX. No.2

ploid. Habits of present three taxa such as
inflorescent, flower, runner, leaf, efc. are the
same. As a result of a detailed comparison of
morphology on three taxa by using mass collec-
tion, there are no single character indicating a
clear difference between three taxa, because
range of variations of all present morphological
characters overlap. However, the slight morpho-
logical differences are recognized judging from
the combination of characters. The presence of no
clear morphological differences among these taxa
are explained as wide range of variation caused
by variable environmental conditions in habitats
of each taxon.

The heptaploid is closer to D. indica , while the
octoploid is closer to D. chrysantha, judging from
the shape and the size of petals, and the shape of
leaves, Two types of hybrid, however, are closer

to D. indica rather than the intermediate of D).
indica and D. chrysantha. It is supported by the
results of chromosome studies (NARUHASHI &
IWATSUBO, 1991a, 1991b) that the heptaploid is
nearer to D. indica and the octoploid to D.
chrysantha. That is, the heptaploid consists of a
half set of chromosome of D. indica and a half set
of chromosome of D. chyysanthe, while the
octoploid consists of a half set of chromosome of
D, indice and a full set of chromosome of D.
chrysantha.
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Fig.6. Polygraphs showing variations in 13 morphelogical leaf characters.

I, II, I, & IV {See, Fig.1). A: Length of terminal leaflet (mm); B: Width of terminal leaflet (mmy); C:
Length / width of terminal leaflet ; D: Number of serrations of terminal leaflet ; E: Number of double
serrations of terminal leaflet: F: Ratio of double serration number to serration number of terminal
leaflet; G: Ratio of presence / absence of double serration leaflet; H: Number of serrations of lateral
leaflet: 1: Area of leaf (cm?); J: Dry weight of leaf (mg/cm?®}; K: Length of stoma (@m); L: Width of

stoma {gm); M: Length / width of stoma.
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