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Comparative Anatomy of Secondary Xylem in Normal and
Dwarf Individuals of Some Wood Plants

Lim, Dong Ok and Woong Young Soh
(Department of Biology, Honam University, Kwangju and Department of
Biology, Chonbuk National University, Chonju)

ABSTRACT

This study deals with the effect of dwarf growth on xylem structure, especially on the dimension
of xylem elements described for 12 species of naturally occuring dwarf trees. The length and
tangential diameter of tracheary elements and fibers in dwarf irees appear to be shorter and
narrower than those in normal trees. Radial width and cell number of the same annual rings
are narrower and smaller in dwarf trees than those in normal treés. Height of rays in dwarf
trees is lower than that in normal trees. Dwarf conifers appear to have higher ratio of latewood
to earlywood thap that in normal trees. In the hardwood species studied, mesomorphy of vessel
elements is lower in dwarfs than that in normal trees. It can be concluded that this dwarf growth
occurs as a result of extremely slow growth by environmental stress such as water deficiency.

thd A KRRl Aol “HIERS AR THEIARE
o 47-}% LA v FAz Fie 2R A
o}a st UM E F83F 7)&v} & #lelch
BAe ARS ueAdy), W o=l Ml 5o xEls)
f& A9 EERY Bitd ddks e ZleE odeA ol
2 0(Panshin and de Zeeuw, 1980), A Fxx @A -
o) ¥4 AN Ak A= (Efgeht B
Tz glo] 4] Mo} Helx gle =2 (Dinwoodie, 1961),
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Table 1. Characteristics of woods in some trees exarmined

Diameter of wood (cm) Number of annual rings

Species = Locality
NT DT NT DT

Pinus densifiora S. et Z. 39 31 12 13 Mt. Whang
e

Pinus thunbergii Parl. a. 114 42 15 29 Mt. Kumjung
= & b. 10.7 34 15 21 Taean-eup

Juniperus rigida S. et Z. a 33 2.9 22 23 Mi. Jeoksang
7P h. 36 34 17 22 Mt. Moak

Alnus hirsuta (SPACH) Rupr 14.7 42 16 16 Mt. Manduck
Foeh iy

Quercus variabilis Blume 34 2.7 16 16 Mt. Deokyu
=4

Zelkova serrata Makino 44 37 18 47 Mt. Deokyu
zehie

Lindera obtusiloba Blume 3.0 21 21 18 Mt. Deokyu
AT

Prunus serrulata var. spontanea. 24 2.2 8 18 Mt. Jeoksang
(Max.) Wilson B %=

Albizzia julibrissin Durazz 4.2 35 14 16 Byunsan
A peninsula

Lespedeza maximowicziz Blume 14 14 13 17 Byunsan
=242 peninsula

Fraxinus sieboldiana Blume 2.5 3.8 21 35 Byunsan
25T peninsula

Callicarpa japonica Thunb. 15 2.0 8 15 Mt. Jeoksang
T

NT, Normal trees; DT, Dwarf trees.

Table 2. Mean widths and number of cells in annual ring

Cell number in
Species Number of Width of annual rings (um) annual rings

annual rings

NT DT Ratio* NT DT Ratio*
Pinus densiflora 1-5 882.2 753.7 8h4 68.9 64.0 92.9
6- 1801.3 1315.7 73.0(75.5)
Pinus thunbergii 1-5 27109 7814 28.8 92.3 30.0 327
6- 3247.9 461.5 14.2(17.5)
Juniperus rigida 1-5 459.3 388.0 84.5 50.7 285 56.1
6- 686.4 199.0 29.0(43.2)
Alnus hirsuta 1- 4593.7 13125 28.6 3110 92.5 29.7
Quercus variabilis 1- 1062.5 843.7 794 104.0 75.3 724
Zelkova serrata 1- 12222 393.6 322 111.6 25.8 231
Lindera obtusiloba 1- 714.3 583.3 81.7 48.9 419 85.7
Prunus serrulata 1- 1500.0 611.1 40.7 1039 457 44.0
var. spontaneq
Albizzia julibrissin 1- 1500.0 1093.7 72.9 125.7 574 45.7
Lespedeza maximowiczii 1- 538.5 411.8 76.4 452 419 92.7
Fraxinus steboldiana 1- 595.2 542.8 91.3 474 39.7 83.7
Callicarpa japonica 1- 937.5 666.7 71.1 474 29.9 63.1

NT, Normal trees; DT, Dwarf trees; * DT/NTX100; ( ), Total ratio of width of all annual rings.
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Fig. 1. Cross sections of annual rings in stems of normal and dwarf tree in Pinus densiflora. X 43. A, Two-
year-old stem of normal tree; B, Eight-year-old stem of dwarf tree.

Fig. 2. Cross sections of annual rings in normal (4, C)
and dwarf trees (B, D). X 443, A, B, 5th (A) and 5
th-6th (B) annual rings of Alnus hirsute. C, D, 3th (C)
and 3th-14th (D) annual rings of Zelkova serrata.
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PRl A BRI M ElE B 14.200(F2) o 4]
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Fig. 3. Cross sections of annual rings in normal (4, C)
and dwarf trees (B, D). X 43. A, B, 6th-8th (A) and 6th-
11th (B) annual rings of Lindera obtusiloba. C, D, 5th-6th
(C) and 5th-10th (D) annual rings of Prunus serrulala
var. sponlanea.

73.0%( ) 747 8) H) 2 o e w)E2 B alvh(Fig.
3.z 7 Al ifate B MEE v
EFEfEpelA o 2A Jebwtek 7 549 MiREel o
o)A I ERE g BMufee) v 231% (el )
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b R et S Lok LA dameian i A
Fig. 4. Cross sections of annual rings in normal (A, C)
and dwarf trees (B, D). X 43. A, B, 6th (A) and 6th-8th
(B) annual rings of Albizzia julibrissin. C, D, 14th-17th
(C) and 14th-18th (D) annual rings of Fraxinus siebol-
digna.

A4 92.9% ()¢ el E btk

BT 3BelA A5 Fiel die e vle &
v} 24 EEEE04) 2o} B/ MERR(0.9) oA o w4
ehgtH Table 3). =3 T4 HFURAMR IEH
{BR2(0.2) Ko} B MEEO.7) A | E3ieh 28z HT

Table 3. Anatomical characteristics of woods in some conifers

Ratio of Tracheid .
Species Trees late- to ) : Height of ray
3 Tangential Tangential wall (No. of cells)
early-wood . .
diameter (um) thickness (um)
Pinus densiflova Normal 1:04 301+ 3.0 3.0+ 05 115+ 1.9
Dwarf 1:09 24723 4606 102+ 16
Pinus thunbergii Normal 1:03 37.0+£ 4.0 3.9+ 05 148+ 24
Dwarf 1:07 31.0£4.0 46+ 06 105+ 2.3
Juniperus rvigida Normal 1:02 206+ 2.8 34+05 95+ 1.2
Dwarf 1:07 203+ 2.8 3908 92+ 14
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Table 4. Characteristics of vessel elements in some angiosperms

Tangential diameter (um) Wall thickness (um) Length (um) No./mm’  Mesomorphy*
Species
NT DT NT DT NT DT NT DT NT DT
Alnus hivsuta 789t 79 685+ 66 28x06 25X04 5950 5325 943 1199 498 304
Quercus variabilis 2190+ 148 1449+120 51+13 49+12 3130 3038 268 286 2558 1539
Zelkova sevrata 2159+ 163 189.1+174 48+09 40£09 1830 1617 109 215 3625 1422
Lindera obtusiloba 599+ 35 56.7f b5 43+10 49+07 3473 2873 654 804 318 203
Prunus servulata 521+ 449 444+229 25+04 2304 3283 3053 2717 3807 63 36
var. spontanea
Albizzia julibvissin 2351+230 179.1+£182 38+0.7 43+04 2172 1908 139 266 3674 1285
Lespedeza maximowiczit 1218+ 76 716+ 83 36£07 3606 1442 1333 15053 2048 117 47
Fraxinus sieboldiana 1455+ 163 1281%+109 29+07 31+07 2586 2115 574 680 656 398
Callicarpa japonica 499+ 158 414% 41 3607 4.8+0.7 4203 3353 1435 1426 137 97
NT, Normal trees; DT, Dwarf trees.
" _mean vessel diameferXmean vessel element length
Mesomorphy = -
mean number of vessels per mm?® transection
Table 5. Anatomical characteristics of woods in some angiosperms
Fiber (um) Ray
Species Tangential diameter Wall thickness Height (No. of cells)
NT DT NT DT NT DT
Alnus hivsuta 246+ 3.3 222+ 23 2.8+0.2 2.8+ 04 256+ 45 224+ 39
Quercus variabilis 16.6+ 2.9 16.6+ 2.8 39+09 3.8+09 4336.0% 2439.6 3614.0+ 1439.0
Zelkova serrata 159+ 1.9 11.9+£ 1.0 43+ 05 4606 352+ 5.7 28.1% 55
Lindera obtusiloba 19.0+£ 25 16.9+ 2.6 24+ 05 22+04 383+ 6.3 355+ 70
Prunus servulata 149+ 23 12.9+ 1.7 1.8+ 0.3 24+05 433+ 66 379+ 61
var. sponlanea
Albizzia julibrissin 20722 19.3+ 21 1.7£0.3 20+ 04 266+t 6.2 255% 3.9
Lespedeza maximowiczii 88+ 19 9.8+21 3.3+03 3507 469+ 124 445+ 10.3
Fraxinus sieboldiana 162+ 20 144+ 25 1.1+02 23204 240+ 36 229+ 23
Callicarpa japonica 139+ 2.1 143+ 24 4.1+£07 2604 489+ 14.1 422+ 113
NT, Normal trees; DT, Dwarf trees.
el delM AR AAYs Fesk PE=Eded) # um( ) ol 4 189.1 um(=ehHF) M2 A, 2E &

Hlepsls] el FEkb S FEo] HE
1% 5 A (Figs. 2-
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97 @akon s HEkHe e e
9.
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t BIMERQAT IR W Zod, FEEES P44

wlde] glojA e IEEEE(S pm) »T B MERE(4.6 um) <
Hl&] o abde)qel(Table 3). T4 X T Folix

Anttel o] REE L) G373 EEEEAA o =4
el FAEu| S B MEREC) vld EREke) 4 o
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ol AAAAd slo] EFERE 46.9 um(=4
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ol A IEHERE7) B MEf o o) = A Jebkoi(Table 4).
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() el A 49 ym(FEbs) Wl 2 & B
v, FE, =B, e el e EEEs B0
B wle] Fdolodm, ZEMes o EEE =T 36
um= 2A vebgod Jea] el ss widl e B vaEEr)
u Eaelqty FEDRS WAdAd PEISE FEM
B A 10970 (=) el 27170 (25 9] 4
, B MEE = 21570 (el ) o A 380.770 () 9
24, ZE Eel4 EEREE 98 SMEEsl o
EQ. 2oivh 8|3 HEBHEE A2 3
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Fig. 5. Tangenhal sections of stem of normal (A C) and
dwarf trees (B, D) showing height of ray (No. of cells).
A, B, Pinus densiflora. X 8l. C, D, Prunus serrulata
var, spontanea. X 43.

mesomorphy(Carlquist, 1977a, b, ¢) 2 BiEs] 2 % IF
e 630V ) o)A 3674(AAUE) S M, &
'NE% 36( ) ol A 1539(F3 ) 2] WeEA, B
L fEell A E#{EEF %IMEE YT mesomorphye] HE
7} =3
i i) "i Az A ENEE 88 um(ZE42)) 4
24.6 um (= ‘f]*r)a% &‘-H 931 B MEEEE 9.8 um(_I__,
&}E«])OHH 22.2 um(F-2 25 ]“"ﬁ]-( Table 5).
we)e} 225 A28l 74 “4 = EMEE B °H IE
m@%ﬂ] A o ZA Jepdel ¢ ﬁﬂﬁfﬁ% HE vl
el L1 um(EFH) A 43 pm(=eh}F) 2
H{JH?\?‘W v, EMEYAE 2.0 um(FRA) el 4 4.6 um
(=eht5) W (Table 5). o2V & M EiE =57
722 BRES 29 o}, F3IVE, AT 9 A=
FEEREA, =g, wvE, AR, 2% g
55 B MEd o e EAlS B9
TR ol (bEED ol sl #BFiEse] A% EF
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Fig. 6. Variations in the length of tracheids from pith
to peripheral region. A, Pinus densiflora; B, Pinus thunbe-
rgit; C, Jumiperus rigida; O—C, Stem of normal trees;
®-®, Stem of dwarf trees.

= 95/ (5 el 14870 (F% °] Heedal,
B Ve 927H( ) el A 10670 (F4) 9] ez
A 3 ¥ EFEEE) FEEEd o AI vlepstc)

(Fig. 5A, B; Table 3). FHEEDS A% WHEEDAE
24070 (HEF2) oA 4336.070(FH 1) o) H9don, B
AR M 22470 (F 22 ) ol 4 3614.070 (F8 )
oq W9 e3vl(Fig. 5C, D; Table 5). 28|22 TE fEe4

FENe BMEse] At o 28 MEERS 2o
-r"ﬁ'% :

Lz B HERER] SRl T AR 7R
RizEe) deo] el 2ul(Figs. 6,7; Table 6) E# {EEE
BEE dolt 10337 um(mst&FL) ol 1784.1 um(4-
8 HelRA] B MERES] 998.0 um (i gk of 4
1560.1 pm(Av R Rl o ZA el (Fig 6). -
FE U =7FUE A A slEe] ArEhE A
{Figge] dol7h AR Zrlske FAlgon), k7R
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Fig. 7. Variations in the length of vessel elements (O
m) and fibers (O. @) from pith to peripheral region in
Alnus hirsuta wood. O—0, O-0O, Normal trees; @-@,
H- N, Dwarf trees.
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28] Qolr} dha: FrhaA o), 2EHAL BE chh
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B VERS(592.7 um, FEHR-11044 um,  ElUE) Bl
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£ Azl vjEdd= Hael {apsk Aol ew
(Bass et al., 1984; Studhalter ef al., 1963), /|MEaEe}
EEFEERES] B4R slold 27143 e £7AFH
ztel7}t AA ehde AL o A 2T siEmY A
agke] Fholul, Kal2RxE AAEA AAe] 7537
of-Fel 7o g AgHch(Bass ef al., 1984), 2 AF o) 4]
IEFEFREe] ARl BB~ Fiel dg gt ¥z}
o =9tk °)8) 22 g2 53 fEAEHAE BT
A 35 A= ¢ AT AR frapet Fdeldnt
(Zahner 1962, 1968; Creber and Chaloner, 1984). fRE4,

BE W MRS pERERe] EE @%“ﬂﬂ v =ZA vehd
74 2 (Tables 3,4,5), ®-E BAdfez Q% 54 Fv7t
WHHTH RG] EES 3 2% 7154 (Philipson ef
al, 1971). £ 83 7 Fgo] Axd 2 HEL
FAAAA HE] At BEES G493E =E 75
ez oA=ich(Whitmore and Zahner, 1967). A ZH
Bl EE 1208 Jl&e] HEale] Frte g AR <3t
Hel B AL Foliolil wx] A7 Alzfe}ed]
Az 255 %A A% 5= (Panshin and de
Zeeuw, 1980). ©|=3F ARE7} dejd Fe dgale
¥ T BEEREE shgddoh =7 AEe] BEpREe e
dalelle A4 = ol rAHe 8L AlFelsd, #KHe
fBEES oS S& A4 o] vlEd 4 v 9eA
FHEcl og £ 7144 &2 B a3ci(Carlquist, 1975,
1980). whebd B i AR #riEyy S BME
g7t EEERLC g Hel bEd A BMEE
A4 Kpgrzel o= °5°.l° ZAe]7] el fhErel @7}
o5 SviEelr) o2l Aoz Ao aHd HAAF
| B R A | ]- = EEERE R EMEE
Bl AL AEd + ¢ AEE BT s FHA
A5 Axg %&mﬂd{ Carlquisi(1977a, b, ¢) & HEE
e FEel 4RERE S Xofrid 987 o] moso-
morphy®} HEF FAZYt F,

a]ti"_ Ae

mesomorphy =

mean vessel diameterXmean vessel element length

mean number of vessels per mm® transection

weba] EEERES) HEENRS B MENEY AEc o
Ax delew, mmied BERI A4 tehgr] diel 2
mesomorphy$] HE= FH{EECAN W &4 vehyh
olsh e AT EHME HMEERG e A%

FETF) 27 98 T AAzP M FgEdr]
g 2el o2 AtE®ck(Zimmermann, 1982). A EFE
4% WEERY Solv IUFEeEA BV AR
o} =7 viehgdti(Tables 3,5). ole} 2& AHzEg oL
DHE 20 A PalolA Eo0e AR HU A E
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g 2de] Hemz )& I wWapmaS Zevke B
FAkgh 7 ¥ke] o) (Fegel, 1938; Esau, 1953), & A124)4)4)
29 FEEE & oS 22 R AT A A2t o
2 A xR A7Ee E2A2 5 ook Asele =
(Bannan, 1956). WAEH 2 #ite] Zeols Y FE
AR Y I IMERRS] ZlBoh o HA jelydcl o))yl
AT AgzAe] T& BANM A% AN HAER
9 352} Felrl Ark= nwel AHshe A Felch(Tay-
lor, 1974; Baas ef al., 1983, 1984). 27] B 0] 4= B o)q 4]
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