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Characteristics of CAM and Seasonal Dimorphism in the Succulent
C, Dicot, Portulaca grandiflora Hook.
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ABSTRACT

Morphology, anatomy and diurnal acid fluctuations were investigated monthly for the succulent C, dicot
Portulaca grandiflora Hook. growing under natural environmental conditions.

Modified Kranz-Type sturcture and typical CAM-like cells were shown in leaves and stems, respectively.
Values of indices of mesophyll succulence in leaves and stems were 5.62 and 16. 68, respectively. The number
of stomata were 1476cm™ in leaves while the stomata in stems were not observed through growing seasons
from spring to summer. However, on Sep. 16, 1981 in defoliate autumn season, stomata were begun to be
produced for the first time in stems and the number were increased gradually to 216cm™2 on Oct. 29. This
feature can be interpreted as a seasonal plant dimorphism. P. grandiflora exhibited a diurnal fluctuation of
titratable acidity in leaves and stems. Seasonal amplitudes of acid fluctuation in stems were as follows: 27
req./g.f.owt. on Sep. 21; 57ueq/g.f.wt. on Oct. 3; 80ueq./g.f.wt. on Oct. 21. Such the results in seasonal
amplitude were able to consider due to decrease of light period and cool night air temperature according to
change of season. Also, the naturally defoliated stems which had already stomata exhibited usual diurnal
acid fluctuation, on the other hand the treated stems which possessed artificially closed stomata showed a few
of acid fluctuation. Especially, stomata in stems are developed by seasonal dimorphism and activated stomata

participate in CAM behavior of stems.

9l v} (Laetsch, 1974).
i

£

13 BREEBA(LSL fEfbol whe} CoB 38 CELEAK

Mool fEAEsts CO9 [EfbfEMol v C.H ¥
HEOl 74 B A ]l kel L o) Llstel CJlis CA
Me] gl t}(Osmond, 1978). CAM-L F 2 % pyiiidye] A
BRE T REREEMRY #5248 v (Kluge & Ting,
1978) L rho]l A& CoEls} CJle] KaARE sl fo)

oA CAMe 2 #x=& T HHEE 2 gl ch(Osmond
et al., 1976; Osmond, 1978). 4] ] &%} (Portulacaceae)
= fite] Rz (Koch, efal., 1980; Ting & Hanscon,
1977: Ku, et al., 1981)9] {&&}wl C;, Cy © CAME 9
S TEn Yoke Aol wa R

Langes} Zuber(1977)= Frenea indica Dalzell & #f



FI2 3t ez Ml = de] G O
st Wil = Y& WTw Er7sF CAMoz coﬁ
[FAl{E3k= [ I dimorphism) ¥ fe] Vel & FEil
ff}°i‘“4’- 5 "{‘o a0 r"”LO] el A Fe)
103 difyol wal A4k
zolegrgnl Erl s wEEe] 1T

— e Q
—L- |HIIAL

g el
oleracea L.)o] /‘i% 01 oA Oﬂ A
ioh(Cang ef al., 1081).
iw‘/t‘ﬂ% ALY Higiel 2l She] Gy
gl ot (Ku ef al., 1951; Gutierrez et
al., 1574). Ku et al.,(1081)e} ¢ &krl ~i-FElo] o 2

m:

B4R (bundle sheath cell), % 4 f{i (mesophyll

i

A (wataer storage ccl])a\; A AR =0
| ; % PEP carboxvlase,
dikinase W NADP-malats
FE s o gobm Boadked g, o §5HE ol E 4l
7} PEP carboxylases FI)i1sked

pyruvate

dchydrogenascs) 72 @4

phosphoenol pyru-
CO, 7}

o] 57 —
o Wil Al

vateF JRPEEHAI 7] & FLE ek ek

2.

dark acidification = <= ¢l vk Wil
o' ¢},

e BR AR A e

Agste] E)ek Jdeof i,
el el lelA FALEEAC) R TR IIEHE
gl A Erlel ool A EhErel HLHisl FHiEEML
Trshe] ZRfiol =B [T Y/JLG\'OH ftiebe] 2leb

¥ gLl Folel COLMEfEMel sled bzl o] of B-&
gl a7k ok

wE 2 A

1. B

SiERol M A sl (Portulaca grandiflora Hook.)
£ nalal Yabe] R4 14pEe 4o sA 19
8L 4 el A S kIR /fekel 1.6mX1. 6m2)
stebol] fiF & shEebe] HABUETAOA Aastgch
Al dEEA 1migd Sl e N, 17%; P, 21%:;
K, 17%) 30g% MifEalsich. figel 4Tl 19814 4
Aormyel FidE 10 TH7AA S Al a4l B

(=]

S Emel sbslt 31°C/25°C(8J 41, R/ub)e) A
13°C/5°C (10ﬂ 201, @/ub)elgim HEBFRR-2 10
ln }(1on 2911 A L4 454y (673 2111) o) giet.

BiE] "*l Filee Ao et o Bl i

thermo-electronic
freczing microtome (I\H\I\O }\AGAI\U)»— {ifi B8} o

SERE R

- TR S w L al

L5 N D ;}9} phenolol 7 &hy

L 10w {‘, 2
ol-g-of 0 5 T g sle]  sliderTAg- ubh

REE S

P % micromcterzb Yz
V-] S 3 = Vel
Al ghed £ s gl oh ’XQHLWL{*

e

el an o VTR Gt

%"l*g’lﬁ HE
AVEEta Klugesl Ting(1978)¢] 2
mesophyil succulence (Sm) el =}t

ishg el SmifihE ] S8hed NERHD O
hﬁlxv‘-g' acetonejl: o B S==3l¢] spectrophotometry iz
fdnsiisb ok (Arnon, 1949). fskel MHAki-e. dry oven
ol 4 105°C R 2Tz Al 71 Pl gl v

4. 2o B9 HHERS

(1) Titratable aciditye] 2347

e = Koche) Kennedy(1980)2] k-8
he] spHistaeh. 0.529 Wkl

6¥°] ALY

il

o}l G 161 AR o] pellets A Ash]
1
1

55 0.0IN NaOHg-<¥ o & pllg. 7712

]9 I"F‘ Lol L

R R R R T s W=
o Wfrekbg a2 Dhbel = 4mfie] K
Huste] Memel (a8

o} = Mpgs

1

A3k rhulo] =3 Fo) 7 BEEY

A R 25 Bl RIS 4

- F§file] =lat

I wh%(élmmerman, 1976)
& B S WSt o
@) el =3 @eIEe) HIML

el e ErY 4



HABEHTF A Aeta e Ak CAMe &
gl @& gMLE AAEs ded A 2AE

198147 98 21H, 107 3H, 1073 2LH 7—}‘7" iH?H%}
o Bt patternd feehd T RES BULE
o JWsizsh sl ek
W FA FMA B WEERL BIED H
o114 MEZBRA R Rodehd Lol 2]

HE ksl BgRot gle=le) B
3 AL e kgl
19814F 1073 201 TE4° 128

rafilm$ S8l T i Eo X

HE Wécss) sk o

ol 20{fEL 2

=) Aldlol ] i
T

th oleel i e NEdn 2 fled EvidE
FAAlel pEslel dod. 2w mz parafilme g 7HA

-2 WANTel Al EshE ol ehel hE HBLE el
Bl Eolel BN SEALe EEE M sl
®w O

b P
) AT
A Este] o7 F19 LTS Klugest Ting(19
78)¢] Jiiko @ SmibFW%E T &5 A Table 1o A4

ulke) zboh ol =k E7)9 EH) Smiiis &4 5.62
2} 16,6824 YRt E7]7b 3k I’fL filE viebd
gick ol Smifil= CAMEi#y T L) & Kalanchoe

daignemontianad] 1.34(Kluge & Ting, 1978)9} ESpN)]
22 9o 1.387 %~ 6.51(Chang ef al., 1981) B.t} &
2 fielTh o) GERE mFo] el EY19 ST
Erbe 2w AT

Table 1. Values of mesophyll succulence (Sm) in
leaves and stems of P. 'fmndu‘lo;a
npe Chlorophyll
Sample W‘(lt”/ry ‘fsovléie;lts contents Sm*
g/g.1.wt. /g f.wt. )
Leaves 1 0.909 0.148 6.14
Leaves 2 0.909 0.178 5.11
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Table 2. Stomata appearence in the stems of P. grandifiora and environmental conditions
- Temperature (9] *Number of
Date Daytime maximum  minimum stomata **Leaf/Stem
(day) (night) per cm®
June 5 14hrs. 38min. 27 15 0
June 16 14hrs. 45min. 26 18 0
July 2 14hrs. 43min. 30 19 0 3.69
July 16 14hrs. 29min. 27 22 0
Aug. 4 13hrs. 59min. 31 25 0 1.85
Aug. 18 13hrs. 2lmin. 29 22 0 )
Aug. 29 13hrs. 7min. 29 20 0 0.61
Sep. 11 12hrs. 37min. 27 16 0
Sep. 16 12hrs. 25min. 25 17 72 0.40
Sep. 22 12hrs. 1lmin. 24 13 72
Oct. 7 11hrs. 45min. 19 13 414
Oct. 15 1lhrs. 23min. 19 7 144
Oct. 29 10hrs. 45min. 13 5 216
Cx 7I§/i;3aTnﬁ};1?>;3Ar of sto}nvzx:cz; E_C;;m leaf is 14’/»(;'_’ 7_: - : N ;—]80
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1-2.

3-4.

Photo. 1-10. Explanations of photographs.
Portulaca grandifiora H. in its summer 1 and autumn 2 state of development. Plastic ruler
indicates the relative scale.
Cross sections of leaf and stem of P. grandifiora. 3 shows Kranz-type anatomy and 4 shows
cells with relatively large vacuoles and only a few chloroplasts. Bars designate 200um leﬁgth.



5-8. Developmental state of stomata according to seasonal change in leaves (5,7) and stems (6,
8) of P. grandifiora.
Leaves in summer § and autumn 7
Stems in summer ¢ and autumn §
Arrows in 8 show the location of stomata newly developed, in stem. Bars indicate 200u4m

length.
9-10. Enlarged stomata of leaf 9 and stem 10.
Bars indicate 50«#m length.
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Fig. 2. Diurnal fluctuations of titratable acidity in
leaves and stems of P. grandiflora under
natural conditions on Oct. 3, 1981. The
shaded lines indicate night.
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Comparison of acidity fluctuations between
‘A’ stem and ‘B’ stem in P. grandifiore
under natural condition Oct. 21, 1981. ‘A’
is a naturally defoliated stem which have
artificially closed stomata. Stomata of ‘B’
stem were covered by transparent parafilms
before 24 hrs. in the experiment.
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