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The Development of Leaves in Amaranthus retroflexus and
Chenopodium album Represented by the Plastochron

I. The Derivation of the Plastochron Index
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-ABSTRACT

The plastochron index (PI) provides possibility on studies of the effects of various environ-
mental factors on morphological and physiological development of plants. The PI of Erickson
and Michelini(1957) could be used merely when leaf » is longer and leaf n-+]1 is smaller than
the reference length at any time. If both the lengths of leaf » and n--] are smaller or
longer than the reference length, it could not estimated. In this study, the PI of Erickson
and Michelini was complemented and the linear patterns according to leaf arrangement was
represented. Namely when both the lengths of leaf # and n-1 are smaller than the length of
reference, Pl is a— (InLR~InL,)/(InL,~InL,,1). And when both the lengths of leaf » and
n--1 are longer than the length of reference, PI is n+4-1-+(In Lnyy—InLR)/(InLs—~1nLay,y).
Where PI represents plastochron index, » is the serial number counting from the base, LR is
the reference length, L. is the length of leaf », and L., is the length of leaf n--1. The
linear model of PI is changed by the various environmental factors and the linear patterns
are different according to leaf arrangement. According to leaf arrangement, the equation of
the general regression lines is Yis-p=a—(n—1) (g1 +¢gi1) — (q1t+r--tgjy) +-rEte.
Where Y :the logarithmic of the leaf length in question, 7 : leaf number hang on the one
node, n : the node number counting from base, ¢ :spacing on the Y-axis, 7:0,1,2, -,
r :slope, ¢ :time, ¢: error.



2 Korean J. Ecol.

INTRODUCTION

The PI was proposed by Erickson and Michelini
in 1957.

terval between initiation of any two successive

They defined plastochron as the time in-

leaves. More broadly, it can also be defined as the
time interval between corresponding stages of
development of two successive leaves at various
vegetational stages (Maksymowch, 1973).

The PI has been scarcely used in the physiologi-
cal studies. Michelini(1958) demonstrated the utility
of the plastochron index by following fresh weight,
dry weight, chlorophyll content and respiration for
Xanthium leaves.

In studies of morphological and physiological
development of whole organs of plants, results are
often plotted against chronological age.

With respect to the physiological development,
though the same chronological age there are great
variability. Plants with morphological similarity
may have quite different chronological ages (Lamo-
reaux et al., 1978).

Freeman(1984) used plastochron age for Grapevine
leaf development in relationship to potassium con-
centration, leaf dry weight and density. The use
of PI has been extensively reviewed by Lamoreaux
et al. in 1978.

They concluded the use of Pl in investigations of
hormonal regulation of plant growth and in studies
of the affects of various environmental factors on
developmental processes in crops were very useful.

The age of trees at any time could be determined,
but the age of herbaceous plants could not. The use
of PI resolved indirectly the problems. Nevertheless
this model has never been applied broadly in eco-
logical studies and particularly it has never been
applied in Korea.

The objective of this study was to complement
the plastochron index of Erickson and Michelini,
and to represent the linear patierns which are

different according to leaf arrangements.
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THEORETICAL BACKGROUND OF
THE PLASTOCHRON INDEX

The Fig. 1 is the expected growth curve of leaf
lengths versus time.

The Fig. 1 showed that the three assumptions
were produced; i) the growth in length of the young
leaves is exponential, ii) the family of these lines
are parallel, and iii) approximately equally-spaced
in time.

Under these assumptions the following formula
for the plastochron age of the plant was derived.

As shown in Fig. 2, if the length of leaf = is
longer than the reference length(LR) and the length
of leaf a1 is smaller than the LR at time (¢3),
the plastochron age of plant is n-+bc/bd. Triangles
abc and edc are similar and bc/bd=-ac/ae. Since
longarithms of leaf lengths are used, ac=InL,—In

/ /’ /’/
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Fig. 2. The theoretical linear model of the plasto-
chron. At a time when n-leaf length is
longer than the reference length and n--1
leaf length is smaller than the reference
length.
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LR, ae=InL,—1nL.,:. The fractional plastochron is
now Pl=n-t(InL,—1nLR)/(InLs—10Lay1), (La>LR
>>L..1) (Erickson & Michelini, 1957). Where PI re-
presents plastochron index, » is the serial number
counting from the base, L, is the length of leaf =z,
and L.-+1 is the length of leaf n}-1.

Here the reference length must be chosen in the
range of exponential growth, i.e., in the linear por-
tion of the plot of In length versus time for estima-
ting. According to the PI of Erickson & Michelini,
the value of plastochron age can not be obtained
at the time before ¢; in Fig. 2. And then the index
must be complemented as shown in Fig. 3.

In Fig. 3, since the value of PI is » when the
time is #,, now the PI is n—dc/bg at any time(t;).

Triangles bdc and fgb are similar and dc/bg=bc/bf.

Since the lines of » and n+1 are parallel bc/bf=
ad/de, and ad=InLR—InL,, de=InL.~InL.;;. So
the fractional plastochron is now Pl=n--(InLR—1In

Ly)/(InLy—1nLayy), (2La—Layy>LR).
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Fig. 3. The theoretical linear model of plastochron.

At a time when n and n--1 leaf length are
smaller than the reference.
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Fig. 4. The theoretical linear model of the plasto-
chron. At a time when » and n-+1 leaf
length are longer than the reference.
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If both the lengths of leaf # and n-+] are longer
than the reference length, the PI at that time also
will be changed.

In Fig. 4, because the value of PI is n-+1 when
the time is ¢,, the PI will be n{1-4bc/eb at any
time(z;). So triangles deb and abc are similar and
bc/eb equal to ac/db. As same as previous equa-
tions, ac=InLs,4,~InLR and db=InL,~InL,y,.
then the fractional plastochron index is n-+1--(ln
Loyy—InLR)/(InLa—1nLayt), (2Lny1—La>>LR).

Now

THE LINEAR MODEL OF THE PLAS-
TOCHRON ACCORDING TO THE
VARIOUS LEAF ARRANGEMENTS

Applying least squares techniques, the regression
line for the. PI was estimated.
Yo=a—(n—1)q+rt+te
where, Y : the logarithmic of the length of leaf
a : Y-intercept of the first leaf
n : serial number counting from the base
r : slope
t:time
q : the In of L./La.+1
£ error
According to the species and environmental con-

ditions, the regression lines and plastochron ages
2

Fig. 5-a. Theoretical linear model according to the
leaf arrangement. The model indicates a
single leaf is sited on each node.
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have different values. Regression equation varied
with the leaf arrangements.

As shown in Fig. 5-a, if a single leaf attached
on the one node (i.e., alternate leaf position), the
numbers of values of plastochron and the ln of the
plastochron ratio (g) are one. This parameter can
be viewed as the relative rate of leaf growth per
plastochron. In this case, the regression equation is
the general equation. While if the two leaves hang
on the one node (i.e., opposite leaf position), the
numbers of the value of the plastochron and q are

two.

Fig.5-b. The model indicates two leaves are sited
on each node.

As shown in Fig. 5-b, although the occurance of
the two more leaf hang on the one node, the time
of the occurance is not same exactly. It has a little
time interval between the leaves. And so the number
of the regression lines and equations is two:

Yopa=a— (n—1)(q14q2) +rtt-=.
Yo=a—ngq1—(n—1)qs-}rt-i-e.
Namely, the family of two regression lines and the
values of two plastochron (g1, ps) replicately will
be continued.

If the three leaf hang on the one node, as shown
in Fig. 5-c, the regression equations were calculated
bby the following equations.

Yonr=a—(n—1) (q1+q2+qa) +rt-fe.
Yay=a—ngi— (n—1) (gaFgs) +-rtt-e.
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Yin=a~n(qitg:) — (n—1)gat-rt-fe.

Y
P = b~

P fhn

Fig. 5-c. The model indicates three leaves are
sited on each node.

The general equation was determined by the fol-
lowing equation.
Yioa-p=a~(n—1) (@14 4-gi-1) — (g1-+++-q;1)
~+rt-te.
where Y : the logarithmic of the leaf length in
question
i : leaf number hanged on the node
n : the node number counting from base
g : spacing on the Y-axis
7:0,1,2,3,
r : slope
t : time
e error
The linear model can be applied to the leaf growth
data to determine environmental effects on the
growth and development. It provides a more logical
approach for formulating the test of differences
resulting from population and temperature treat-
ments(Vailejos et al., 1983).
The research about the availability of applying
the PI to the leaf development of Amaranthus
retroflexus and Chenopodium album will be presen-

ted in next paper.
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