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Reconsideration of Rhus (Anacardiaceae) with Respect to
Fruit, Seed and Inflorescence’
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ABSTRACT

Morphology and anatomy of the fruit and seed of eight species of Rhus (Anacardiaceae) were investi-
gated. The inflorescence of R. fyphina was an apical and erect thysus, that of R. javanica was panicle,
while that of the others were an axillary and pendulous panicle. Anatomical investigation of the peri-
carp showed that exocarp and mesocarp in R. javanica and R. typhina were integrated, but its in the
others were disintegrated and uniform. In all these species, endocarp consisted of distinctly three
lignified cell layers (outer, middle and inner endocarp) and crystal layers. The surface sculpturing of
mature seed was variable and also contributed to understanding of species delimitation and relationships
within the genus. Categorization by cluster analysis with 27 characters obtained from morphological and
anatomical features of the fruit and seed resulted in two groups : K. trichocarpa - R. javanica group vs.
R. ambigua - R. verniciflua - R. sylvestris - R. succedanea group. Taxonomic significance for the genus
by these characters was supported by results of principal component analysis.

The keys for the genus Rhus were provided using morphological and anatomical characters of the
inflorescence, and fruit and seed.
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Table 1. Site and collection data for selected Rhus species

Scientific name Common name

Collection sites

Collection period

Infls.* Fruits

Rhus verniciflua Stokes E e Chinju, Hamyang, Jun. Oct. 1992 & 1993
(VER) Hadong, F.R.1.*

R. trichocarpa Miq. N Chinju, Mt.Deokyu, May Jul. 1992 & 1993
(TRD) Cheju, Hadong

R. sylvestris S. et Z. A7y oF g3 - Chinju, Mt,Chiri, May Oct. 1992 & 1993
(SYL) Cheju, Hadong

R. succedanea L. ¥y Cheju, Shimane(Japan) May Oct. 1992 & 1993
(SUC)

R. javanica L. FoF Chinju, Mt.Chiri, Aug. Nov. 1992 & 1993
(JAV) Mt.Deokyu, Cheju

R. ambigua Lavallee 3E$F Kwangdo®**, May Sep. 1993 & 1993
(AMB) Shimane(Japan)

R. radicans subspe. vl F$H 5§ F.R.I.** (Seoul) May Sep. 1992 & 1993
ovientale Grills.,
(RAD)

R. typhina L. (TYP) u =g g F.R.I.** (Seoul) Jun. Sep. 1992 & 1993

Note : Samples are indicated as abbreviation in all following Table,

* Inflorescences
** Arboretum of Forest Research Institute.
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Table 2. Morphological and anatomical characters
of fruit and seed used for principal com-
ponent and cluster analysis of 6 species
of Rhus

Character No. Characters

C 1. Weight of 1,000seeds(g)

. Weight of 1 fruit(g)

. Weight of 1 seed(g)

. Ratio of fruit coat by fruit weight(%)

. Length of fruit(mm)

. Width of fruit(mm)

. Thickness of fruit(mm)

. Length of seed(mm)

C 9. Width of seed(mm)

C10. Thickness of seed(mm)

C11. Ratio of fruit coat by fruit length(%)
C12. Ratio of fruit coat by fruit width(%)
C13. Ratio of fruit coat by fruit thickness(%)
C14. Width of pericarp(um)

C15. Width of exocarp in pericarp(um)

C16. Width of mesocarp in pericarp(um)

C17. Width of endocarp in pericarp(um)

C18. Ratio of exocarp to pericarp(%)

C19. Ratio of mesocarp to pericarp(%)

C20. Ratio of endocarp to pericarp(%)

C21. Width of endocarp(um)

C22. Width of outer cell layer in endocarp(um)
C23. Width of middle cell layer in endocarp(um)
C24. Width of inner cell layer in endocarp(um)
C25. Ratio of outer cell layer to endocarp(%)
C26. Ratio of middle cell layer to endocarp(%)
C27. Ratio of inner cell layer to endocarp(%)
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2 fil43e MELFSY HE, Rhuse EEsI=
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Zeo| {REEE S5 M - M BEEEE X
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Table 3. Morphological characteristics of the inflorescence and fruit

— Inf_l.A’ Infl.* Color of Time of Trichomes
position morphology fruits (Flowering) mature in fruit
VER  Axillary Paniculate, pendulous  Light-yellow  (Jun.) Oct. Absent
TRI Axillary  Paniculate, pendulous  Deep-vellow (May-Jun.) Jun.-Jul. Present
SYL  Axillary Paniculate, pendulous  Dark-brown (May-Jun.) Oct. Absent
SUC  Axillary Paniculate, pendulous  Dark-yellow (May-Jun.) Oct.-Nov. Absent
JAV  Apical Paniculate, erect Red-brown (Aug.) Oct. Present
AMB  Axillary Paniculate, pendulous  Deep-yellow (May-Jun.) Aug.-Sep. Present
RAD  Axillary Paniculate, pendulous Light-grey (May) Aug.-Sep. Present
TYP  Apical Thysus, erect Red (Jun.) Sep.-Oct. Present

* Infl. : Inflorescence.
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Table 4. Comparisions of fruit and seed weight of some selected species (Mean+S.E.)

Species 1,000ea (g) Fruit (g) Seed(g) Ratio of fruit coat(%)
VER 83.23+12.07 0.084+0.011 0.057+0.007 31.59

TRI 18.65+ 2.48 0.018+0.002 0.015+0.002 20.11

SYL 57.76t 9.19 0.056£0.008 0.038+0.006 32.21

SuC 146.38+25.90 0.146+0.009 0.064£0.003 56.10

JAV 14.07+ 1.53 0.014£0.001 0.010+0.001 32.14

AMB 27.64t 2.76 0.028 +0.002 0.02110.002 24.37

TYP - - - -

RAD - - - -

et

671 frEiEiEe] RW Tl N ERIH
F HERIIzA FAS REXRESE PEY BERe
Table 49} o, gk g5 R T2 Bk
o} Mz-2 Fig. 19 <}, @R RE) 1,000
WEY, BRI AT A, REFS ABI
FEE, RE 1,0008ES Aot 146.71g,
FUR7E 14.37g2.2 242k et Mo fe)r)
¢ zow, T A JA HrHErt v}
A FARD, BbErl i sich, RESRE ok
57 56.10% = 7HA Estew, gl

Fig. 1. Photographers of fruits and seeds of some selected species
(A : Mature fruits,
Mature seeds). 1. R. verniciflua, 2. R. trichocarpa, 3.
R. sylvestris, 4. R. succedanea, 5. R. javanica, 6. R.
ambigua, 7. R. typhina.

B : Fruits removed exocarp, C:

20.11% 2 7+ A vhebstet,

RE ETe Helot 1B, FA R REFS
WEY #R(Table 5), RS ZHolst &, FA
= Aot 4 bt glen, EBurot st
A zkgkel, ey EFE AAH UYL HE
Aoy, @ FAdME HFeFrt b
FARG, HF45Y EFe AR AR
Holsh Mg, FAA zr] 7 A HEE 2
vk, mElm zZvle whE REEE GJokuby
7k 39.80%F 29.17, 53.36%% 7} Eol Rt
FAYen, Bt RES e =7le H)
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Table 5. Mean and standard error values for characters of fruit and seed size of selected Rhus species

Sarmples Fruit (mm) Seed (mm) Fruit coat (%)
Length Width  Thickness Length Width  Thickness Length Width Thickness
VER 7.70+0.20 8.34%0.22 5.03%0.36 4.98+0.17 6.28+0.02 2.53+0.11 35.33 24.70 49.70
TRI 4.26%0.36 5.72+0.33 3.26+0.43 3.11%0.20 4.12+0.16 2.22+0.17 26.99 27.97 31.90
SYL 7.63%0.55 7.74+0.38 3.31%0.09 5.32+0.17 6.29+0.27 2.39+0.15 30.28 18.73 27.79
SUC 7.84%0.34 9.29+0.28 6.26+0.24 4.72%+0.16 6.58+0.18 2.92£0.09 39.80 29.17 53.36
JAV 4.55%0.,18 4.48%0.19 2.73%0.10 2.84*0.09 3.20%£0.13 1.87£0.06 37.58 28.57 31.50
AMB 4.72%0.21 5.36%0.23 3.35%0.19 3.71+0.15 5.16+0.20 2.48+0.09 21.42 3.73 26.01
TYP - - - - - - - - -
RAD - - - - - - - - -

Table 6. Thickness of exocarp, mesocarp and endocarp of selected Rhus species (Mean=*S.E.)

Total (%)

Samples Total(zam) Exocarp(zm) Mesocarp(zam) Endocarp(zam)
Exo. Meso. Endo.

VER 153.98 5.12+1.42 83.93+ 8.87 64.93+% 6.39 3.33 54.51 42.17
TRI 107.44 2.95%70.45 43.00+t11.94 61.49+ 8.44 2.75 40.02 57.23
SYL 150.62 4.04+1.29 73.20*+16.54 73.38+12.45 2.68 48.60 48.72
SuC 209.10 7.18+1.27 108.00+18.43  93.92% 9.61 3.43 51.65 44,92
CHI 97.70 2.31%0.58 48.82+13.02 46.57t11.75 2.36 49.97 47.67
AMB 135.30 8.48%1.13 73.20+19.14 53.62* 3.15 6.27 54.10 39.63
RAD - - - - - - -
TYP - - - - - -

3 REFS 37,589 28.57, 31.50% 2 FAHHAL = HirhEpe] =2 Blold EE MBRAERES

Y, Wyt 21,429 3.73, 26.01% 2 RE
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F4F7E 59.82%, -HF7F 70.08% & tEt
wel, a28l3 gtEsEe Y w5 Bl hRg
d= Aot #iE#sF wiEse dded(Fig. 2),
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Fig. 2. Magnified scanning electron and photo-micrographers showing the transverse section of
pericarps in selected Rhus species. Ex; Exocarp, M; Mesocarp, En; Endocarp, R; Resin
cannal, EC; Crystalliferous layer in Endocarp, EQ; Outer Endocarp, EM; Middle Endocarp,
EL; Inner Endocarp, IE; Immature Embryo, L : Locule. 1. Rhus javanica, showing resin
cannal and the four layered endocarp(EC, EO, EM, ED (40 x), 2. R. succedanea, showing
resin cannals in mesocarp and exocarp (40 x), 3. R. ambigua, pericarp and locule, showing
four lignified-layered endocarp in immature fruit (40 x), 4. R. verniciflua, pericarp showing
four lignified-layered endocarp in mature fruit (100 x), 5. R. wverniciflua, showing three
lignified-layers in endocarp in mature fruit (100 x), 6. R. frichocarpa, showing anatomical
chariteristics of pericarp using the scanning electron micrograph in mature (750 x).
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Table 7. Mean and standard error values for endocarp characters of mature seeds of selected Rhus

species
Endocarp (z2m) Total (%)
Samples
Total EO EM El EO EM El
VER  64.93* 6.39 14.20%¥3.16 5.22+0.96 45.50%=7.20 21.87 8.04 70.08
TRI 61.49+ 8.44 19.00%+3.25 5.91+1.42 37.00*5.3H4 30.90 9.61 60.17
SYL 73.38+12.45 20.38%5.26 6.25%+1.09 46.50*8.02 21.77 8.52 63.37
SUC 93.92+ §9.61 27.50%5.10 6.96%+0.72 59.46%7.39 29.28 7.41 63.31
JAV 46.57+11.75 14.29+3.74 4.43+1.40 27.86%5.69 30.69 9.51 59.82
AMB  53.62+ 3.15 13.67*1.25 4.98%+0.52 35.78+2.10 25.49 9.29 67.73
RAD - - - - - - -
TYP - - - - - - -

Note : EO; Outer cell layer of the Endocarp, EM; Middle cell laver of the Endocarp, EI; Inner cell

layer of the Endocarp

* Endocarp is completely lignified in mature fruits.

Table 8. Summary of pericarp composition, and surface sculpture of seed of selected Rhus species

Samples Composition of pericarp Surface sculpturing

VER Exo.+ Meso.+ Endo. Reticulate-boarded

TRI Exo.+ Meso.+ Endo. Colliculate-undulate(high)
SYL Exo.+ Meso.+ Endo. Colliculate-aerolate

SuUC ‘Exo.+ Meso. + Endo. Colliculate-aerolate

JAV (Exo.+ Meso.)+ Endo. Reticulate-boarded

AMB Exo.+ Meso. + Endo. Colliculate-undulate(low)
RAD - -

TYP (Exo.+ Meso.)+ Endo. -

Notes : Exo.; Exocarp, Meso.; Mesocarp, Endo.; Endocarp.

o, %I BEANAE REE £B FA =
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< o]F slglow, JMVret dEFFe
colliculate?] £4¥22, /et EE7L 2
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13%el ok AR M RE AuEmge
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M HE TN & groupE ErstyH(Fig.
4). %1 group> HEMEIEE 0.15004 7H g tFe)
BuRot oEElgdon) 0.37404 WEguTot
SEEE AT, $2 groupd 0.2604 R A
Ak Trt s#sld e, 0.35004 kgt
F7} s, olBY BRI BT # MK
of KT MESIT BRE NE-Eui-dE

£ groupsh SHY -GS kgt
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Fig. 3. Magnified scanning electron micrographers of coat surface of mature seed in selected Rhus
species. 1. R. verniciflua (1,240 x), 2. R. trichocarpa (2,500 x), 3. R. svlvestris (2,500 x),
4. R. succedanea (1,200 x), 5. R. javanica (1,860 x), 6. R. ambigua (1,000 x)
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Fig. 4. Dendrogram derived from complete linkage
cluster analysis of distance matrix for six
OTU of Rhus. 1. Rhus vernicifiua, 2. R.
trichocarpa, 3. R. sylvestris, 4. R. suc-
cedanea, 5. R. javanica, 6. R. ambigua.
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Fig. 5. A two dimensional view of the 17 charac-
ters in a space determined by Factor 1
and Factor 2. Letters indicate in order
character 1 to 17 of Table 8.
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Table 9. Character coefficients for the first three principal component for analysis of 17 characters of

the fruit and seed using varimax rotation method

Characters Factor 1 Factor 2 Factor 3 Communality

Cc17 0.92 0.22 0.17 0.9265
C4 0.92 0.35 0.15 0.9877
C8 0.80 0.33 0.42 0.9308
C3 0.79 0.41 0.41 0.9635
C5 0.79 0.54 0.27 0.9862
C 15 0.15 0.97 0.11 0.9820
C 16 0.31 0.90 0.11 0.9184
C 14 (.48 0.83 0.27 0.9970
C 13 0.48 0.83 0.27 0.9970
C 17 0.61 0.70 0.37 0.9963
C1 0.59 0.62 0.46 0.9412
C2 0.59 0.61 0.47 0.9377
cl1 0.58 0.58 0.57 0.9888
cl 0.12 0.3 0.96 0.9357
Cc9H 0.47 0.51 0.70 0.9657
C 12 0.61 0.38 0.67 0.9673
ce6 ~ 0.51 B 0.54 0.55 0.8507

Eigenvalue 13.74 1.47 1.06

Proportion 80.80 8.67 6.25

Cumulative contribution(%)  80.80 89.47 95.72
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