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ABSTRACT

Diurnal acid fluctuations, stomatal resistance, and morphology and anatomy were investigated in leaves
and stems P. oleracea L. growing under the natural environmental condition.

A CAM-like pattern of acid fluctuations was exhibited not in leaves of the young purslane but in its
stems. Defoliated stems showed a decrease in diurnal changes of total acidity as compared with normal
stems. Excised stems stored in continuous darkness exhibited diurnal acid rhythms, and they showed
light deacidifications for three days.

Kranz-type arrangement was observed in leaves, but not in stems. Micrograph of cross sections of
stems showed cells with relatively large vaculoles and a few chloroplasts. The number of stomata was
3,275cm ™2 in leaves, while the stomata could not be observed in stems. Stomatal resistance was high at
night and low in daytime in leaves of the young purslane, and the range of its value was 5~40 sec.
cm™, But stomatal resistance in leaves of the water-stressed plant was comparatively high in day time,
and its value was 30 sec. cm™!,

The result of these studies showed the possibility that the stem of P. oleracea L. possesses CAM under

certain stressed conditions.
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Fig. 1. Young purslanes, P. oleracee L. growing at a habitat in Yakdaedong, Bucheonsi, Kyeonggido,
Korea (126°46’E, 87°30’N, 20H) (A), and a few samgles used for the experiments (B), Young,
uniform plants with three to four leaf pairs were mainly used for the experiments.
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Table 1. Number of stomata per ¢cm? on the ada-
xial and abaxial surfaces of leaves of P.

oleracea L.
Young leaves Stems
Adaxial Abaxial
8,500 5,148 0
8,071 5,148 0
8,071 4,500 0
7,285 4,429 0
7,000 4,071 0
6, 000 38,786 0
5,786 38, 643 0
5, 857 8, 286 0
5,000 2,857 0
4,929 2,648 0
6, 600* 8, 950*% 0

* The mean estimate for the 10 randomly selected
plants.

£ CAM iyt non-CAM S Zpjidel o)ste
Emshed L Sol¥ Jikez dezgle. Sm

BgFEe Bel g ARY AKES HE FREH
o] 4 WAL 5MEEEA A3 sl AT BEE Table 2
s sk 93k 2719 A4 Sm e 421983 6.51
o gebfon QR Er5F 5% AE e e o
el gtk ol A2 CAM Hidpd Mgty w-& Smahg
723 ¢l¥ Kalanchoe daigremontiana ¢] 1.84 2.t}
22 ke no)Fe (Kluge & Ting, 1978), =3 &7
o LAl vy A& BRde shh

Table 2. Values of mesophyll succulence (Sm) in
leaves and stems of P. oleracea L.

Samples Water contents Chlorophyll contents Sm*

(g/g f.wt.) (mg/g f.wt.)
Leaves 0. 898 0. 578 1. 55
0. 895 0.744 1. 20
Stems 0. 908 0.132 6. 84
0. 897 0. 145 6. 18

Tissue water content (g)

*Sm=

Chlorophyll content(mg)

T Y3k E19 wdS 100f59 BiigBiez 9
i #Re Fig. 29

b olAE AT F9

Fig. 2. Cross sections of leaf (A) and stems (B) of P. oleracea L. ‘A’ shows a Kranz-type anatomy
and ‘B’ shows cells with relatively large vacuoles and a few chloroplasts. The bars designa-

te 200um length.
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Fig. 3. Diurnal fluctuaions of titratable acidity in
leaves and stems of P. oleracea L. under
natural conditions. Air temperature and
solar illuminance measurements are shown.
Each value of titratable acidity is the mean
for duplicate samples. The shaded lines
indicate night.
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Fig. 4. Titratable acidity and chlorophyll contents
in leaves and stems of the different order
of the young purslane, P. oleracea L.
under different treatments: A, control pl-
ants; B, plants that buds and Ist pair of
leaves were detached; C, that buds and Ist
and 2nd pairs of leaves were detached;
D, that buds and all pairs of leaves were
detached. ‘B’ and ‘R’on the transverse line
designate bud and root, respectively. Filled
circles and triangles represent titratable
acidity in leaves and stems sampled at 09
: 00, and blank symbols represent that sa
mpled at 14 : 00, respectively. Each value
of titratable acidity is the mean for dupli-
cate samples. Each value of chlorophyll
contents the mean for tetrapliate samples.
The shaded areas indicate acidification
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. 5. Diurnal rhythms of titratable acidity in
excised leaves and stems of P. oleracea L.
under continuous darkness. Tissue water
content measurements during these exper-
iments are shown. Arrows indicate the
initial points of exposing samples to light
(15KLux). Blank circles and triangles re-
present the light deacidification in leaves
and stems, respectively. Each value of
titratable acidity and of tissue water con-
tents is the mean for duplicate samples.
The shaded lines designate continuous da-
rkness. Air in the darkroom was 65+5%
RH and 20+1°C during these experiments.
High pressure mercuric lamp(HF 6~400W)
was used for the light source.
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Fig. 6. Diurnal patterns of stomatal resistance for
P. oleracea L. growing at a habitat in
Bucheonsi, Kyeonggido, Korea under diffe-
rent conditions. The soil water contents
for the the control plants and that for the
stressed plants were 21.2 and 12.19 DM,
respectively. The field capacity of that soil
was 44. 6%. The shaded lines indicate ni-
ght. Values represent mean of three plants
measured individually.
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Fig. 7. Oscillations of titratable acidity in excised

leaves and stems of P. oleracea L. under
continuous darkness. These values were
calculated from the data in Fig. 5. In the
figure,J-values represent acidification and
—values deacidification.
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Heolor olsl Frla] 44 Label 5269 & 47. 7%}
e m waoaigich 4l & 79 G, fﬂ:;}ﬁw/}o
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(Fig. 2A).
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T AR BEel d¥dn g A4AdE AR
erz) =i gheb(Kluge & Ting, 1978).
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rek et al. 1973, Szarek & Ting, 1974). ol&l & fi}
Mol 2 B AE ekt AL AHE HE ¥ F
Ak ok Z& LYy Co Bpdpel WIEHT k<t
Hoee CAM o #iged & Warl gloha Bk o

m B

AWgeE 4w E(Portulaca oleracea L.)9] o3t ’g
71l A KAKEEAY ERE TH sy A BRI
2A WEY ML, TBRES fE 2 AILIRED B 7
£ sigest ol ok

B 12r5RIal FARIRIEN A B Eslan gl o
ol IR MRS DE#le 9 15} E 71 A l

®) 4
SoRdsda 28 nAd 2719w rnw
& 98 rEEkA 9 R Aws Mot
& vhebi gleh

sk E7 B AuA 4RF A4 BEDY S W m

Erel AfEbst Eo1el A SR AEEE glond el A
B vebdA ehskeh BRENESl ik Akl 15
Klux o Y& shgl& of Wil U Rt vl
=g mkre M (light deacidification) & vhelu
< o}

Q¢ Kranz 9 #ig »

¥

agl o éi 1 Ay &K

Mg HA = ATIYE MmiEe] ZEatsE =EA S ishe
B2 el oi b Mesophyll succulence(bl Y=
o] 1.88, %7]4= 6.519 @& dehd ek 42 T
5,275cm~ 9} GGLECE vebdl gleat EAdl A e AL
o] BEHHA abey. ikl A Abeba gl ol

0 &2 Ao HALEPT-E Rl 40secem™ = Ea

ok7kel] Bsecem~! FREEE olx = 73S Jebdl glch.
1o #RE 4B Y] CuRier duigle

Z7el e CAM o] fffEd wiEke] ot AL ¢

+ 39

Z2EXR

Arnon, D.1., 1949. Copper enzymes in isolated chloropl-
asts; polyphenoloxidase in Bete vulgaris. Plant Phy-
siol., 21:1~15.

Black C.C., 1973. Photosynthetic carbon fixation in
rclation to net CO, uptake. Ann. Rev. Plant Physiol.
21 253~286.

Chang, N.K., 1980. Limitation of light energy utilizat-
ion in the fallen stems of Opuntia bigelovii without
CO, and water absorption. J. Ecol., 3: 32~39.

Hartsock, T.L. ann P.S. Nobel, 1976. Watering converts
a CAM plant to daytime CO, uptake. Nature, 262 :
574~576.

Kennedy, R.A., 1976. Relationship between leaf develo-
pment, carboxylase enzyme activities and photo-
respiration in the Cy-plant, Portulaca oleracca L.
Planta, 123 : 146~154.

Kennedy, R.A., 1976. Photorespiration in C; and C,
plant tissuc cultures; significance of Kranz anatomy
to low photorespiration in Cy plants. Plant Physiol.
58 : 573~575.

Kennedy, R.A., 1977. The effects of NaCl-, polyethyl-
eneglycol-, and naturally-induced water stress on
photosynthetic products, photosynthetic rates, and CO,
compensation points in C4 plants. Z. Planzenphysiol.,
Bd. 83 : 11~24.

Kennedy, R.A., J.E. Barnes and W.M. Laetsch, 1977.
Photosynthesis in C; plant tissue cultures: signi-
ficance of Kranz anatomy to Cs acid metabolism in
C, plants. Plant Physiol., 59 : 600~603.

Kennzdy, R.A. and W.M. Laetsch, 1973. Relationship
between leaf development and primary photosynthetic
products in the Cyplant, Portulaca olecracea L. Planta,
115 : 113~124.

Kennedy, R.A. and W.M. Laetsch, 1974. Plant species
intermediate for C;, C4 photosynthesis. Science, 181
: 1807~1089.

Kenyon, W.H., R. Kringstad and C.C. Black, 1978.
Diurnal changes in the malic acid content of
vacuoles isolated from leaves of the Crassulacean
acid metabolism plant, Sedumn telephium. FEBS
Letters, 94 : 23] —~283.

Kluge, M., I. Knap, D. Kramer, 1. Schwerdtner and H.
Ritter, 1979. Crassulacean acid metabolism(CAM)
in leaves of Aloe arborescens Mill; comparative

studies of the carbon metabolism of chlorenchym

— 122 —



and central hydrenchm. Planta, 143 : 357~363.

Kluge, M., O.L. Lange, M.V. Eichmann and R. Schmid,
1973. Diurnaler Siurerhythmus bei Tillandsia usneoi-
des: Untersuchungen iiber den weg des Kohlenstoffs
sowie die Abhingigkeit des CO, Gaswechsels von
Lichtintensitat, Temperatur und- Wassergehalt der
Pflanze. Planta, 112 : 357~372.

Kluge, M and L.P. Ting, 1978. Crassulacean Acid Met-
abolism. Springer-Verlag, pp. 31 - 37 72, 148.

Koch, K. and R.A. Kennedy, 1980. Characteristics of
Crassulacean acid metabolism in the succulent C,
Dicot. Portulaca oleracea L. Plant Physiol., 65 : 193
~197.

Laetsch, W.M., 1974. The C; syndrome: A structural
analysis. Ann. Rev. Plant Physiol.,, 2j: 27~52.

Neales, T.F., 1973. The effect of night temperature
on CO, assimilation, transpiration, and water use
efficiency in Agave americana L. Aust. ]. biol. Sci.,
251 706714,

Neales, T.F., A.A. Pattorson and V.J. Hartney, 1968.
Physiological adaptation to drought in the carbon
assimilation and water loss of xerophytes. Nature,
219 : 469~472.

Nobel, P.S. and T.L. Hartsock, 1979. Environmental
influences on open stomates of a Crassulacean acid
metabolism plant, Agave deserti. Plant Physiol., 63
: 63~66.

Osmund, O.B., 1978. Crassulacean acid metabolism: A
curio sity in context. Ann. Rev. Plant Physiol.,
29 : 379~414.

Osmund, C.B., M.M. Bender and R.H. Burris, 1976.
Pathways of CO, fixation in the CAM plant Kalanchoe
daigremontiana. Kalanchoe blossfeldiana. 1. Correla-
tion with *C value during growth and water stress.
Aust. J. Plant Physiol., 3 : 787~99.

Queiroz, 0., 1974. Circadian rhythms and metabolic
patterns. Ann. Rev. Plant Physiol., 25:115~34.

Ranson, S.L. and M. Thomas, T1960. Crassulacean
acid metabolism. Ann. Rev. Plant Physiol., 11 : 81~
110.

Schmith, J., 1951. Uber Beziehungen zwischen Bliten-
bildung in verschiedenen Licht-Dunkelkombinationen
und Atmungsrhythmik bei wechselnden photoperodi-
schen Bedingungen (Untersuchungen der Kalanchoe
blossfeldiana). Planta, 39 :271~308.

Sutton, B.G., L.P.Ting and J.H. Troughton, 1976. Seas-
onal effects on carbon isotope composition of cactus
in a desert environment. Nature, 261 :42~43.

Szarek, S.R. and ‘H.B. Johnson and LP. Ting, 1973.
Drought adaptation in Opuntia basilaris; significance
of recycling carbon through Crassulacean acid meta-
bolism. Plant Physiol., 52 : 539~541.

Szarek, S.R. and 1. P. Ting, 1974. Respiration and gas
exchange in stem tissue of Opuntia basilaris. Plant
Physiol., 54 : 829~834.

Szarek, S.R. and LP. Ting, 1974. Seasonal patterns of
acid metabolism and gas exchange in Opuntia besilaris,
Plant Physiol., 54 : 76~8l.

Ting, 1.P. and Z. Hanscom [, 1977. Induction of acid
metabolism in Portulacaria afra. Plant Physiol.,
59 : 511~514.

Warren, D.M. and M.B. Wilkins, 1961. An endogenous
rhythm in the rate of dark-fixation of carbon dioxide
in leaves of Bryophyllum fedischenkoi. Nature, 191
1 686~638.

Winter, K. and J.H. Troughton, 1978. Carbon assimila-
tion pathways in Mesembryanthemum nodiflorum L.
under natural conditions. Z. Pfanzenphysiol., Bd.
88 : 153~162.

Zimmerman, C.A., 1976. Growth characteristics of wee
diness in Portulaca oleracea L. Ecology, 57:964~
974.

(19814 9J] 2610 #X)

-— 128 —



