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different combinations and also the absence of any  DIFFUSIVITY OF PROLINE AND
environmental effoct on the frequency of pollen fer-  ITS SIGNIFICANCE

tility, ruled out cytoplasmic-genetic factor while the
observations suggested genic male sterility. MALATHI CHARI, T. G. PRASAD and
K. S. KRISHNA SASTRY

The segregation pattern of the different progenies
(table 1) showed that the MF clone 584 was homo- University of Agricultural Sciences,
zygous for MF because of the absence of any MS plantin ~ 2@ngalore 560 024, India.
the OP progeny. However, another MF clone Op-4 was
spparently heterozygous because one Ms plant ap-
peared in the OP progeny. Besides, the occurrence of the
MS plants in the OP progeny of Ms clone 539 in the F,
progeny itseif clearly established the presence of hete-
rozygous MF genotypes around the clone in the
germplasm. When the Ms clone 539 was crossed with
the MF clone 613, the occurrence of 23 Ms: 24 MF plants
in the F, progeny suggested that it was only a back-
cross ratio of 1:1, wherein the MS clone 539 was
homozygous recessive (ms ms) while the MF clone 613

MANY solutes are known to accumulate in leaf tissue
under moisture stress conditions and proline is one
such. Recently, the solubility of proline and its ability
to co-exist with other solutes and its biological signifi-
cance have been shown!. Proline has certain other
unusual properties such as prevention of denaturation
of enzymes by heat2.3, micelle formation in solution*
and increasing the solubility of proteins?.

Under moisture stress conditions, proline has been
shown to accumulate essentially in the cytoplasm®.
. However, accumulation in the vacuole is not ruled out.
was heterozygous (Ms ms), and the male fertility was The concentration of proline in the leaves of Triglochin

omnant Ov ility. If: '
dominant over male sterility maritima expressed on the basis of cell water content

. (‘}‘;ne“csff "_-nﬂ;le _'it:“h?]' co;letrnlled b-: :lno nofac- may exceed 200 mM. Moreover, if it is assumed that
rial recessve anherilance has been reported Inmore o accumulated proline is confined to the

than 100 cultivated plants®. It is concluded that the cytoplasm, which occupies around 10% of the cell
ay - a - - » ¥ L1

male sterility in the clone 539 is controlled by single volume, the calculated osmotic potential for this

recessive gene pair, which is being reported for the first compartment would be — 5.6 MPa. This value is very

{ime In cassava. ,
much less than the osmolarity of the cell sap,
The authors are grateful to Dr S. P. Ghosh for —2.9 MPa”. Hence, some of the proline must be

facilities and encouragement. located in the vacuole also. If accumulation in the
vacuole can take preferentially, then diffusion from
cytoplasm to the vacuole across the tonoplast mem-
brane must be occurring at a fast rate. Perhaps, this
compartmentation may be the reason for the lack of a
feedback inhibition in proline accumulation under
stress.

Expenments were conducted to study the rate of
diffusivity of proline and other solutes in plant tissue.
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endogenous solutes present within the tissue. Each of
the test solutions (0.4 ml), proline, glycine, glucose and

— . —_——  potassium chloride (0.1 M) and distilled water were
taken in the cups and were placed in petri plates
with S5ml of distilled water for 2hr. Three such
osmometers were kept in a single petri plate and three
replications per treatment were taken. At the end of
the two-hour period, the different solutes in the
ambient medium were estimated and used as a meas-
ure of differential diffusivity.
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Experiment No. 2: In a second experiment, agar blocks
of 4 x4 x4 mm were equilibrated overnight in 1 M
solutions of proline, glycine, glutamic acid, KCl and
mannitol {Donor blocks). They were then placed on
the morphological apex of 3 mm long cowpea hypo-
cotyl sections. The other end of the hypocotyl sections
were dipped into 4 m! of distilled water in a petri plate.
The entire system was placed in a humid chamber. The
solutes from the donor agar blocks were allowed to
move into the water through the hypocotyl sections
for 20 min. To study the movement of each solute, 30
such agar blocks were used. At the end of the
experiment, the amount of the respective solutes in the
water in the petri plates was determined. The donor
blocks of each solute were then transferred to 2 ml of
distilled water and the residual solute concentration
was determined. To measure the initial amounts of
solutes present in the agar blocks, 20 blocks were
immersed in 2 ml of water at the start of the exper-
iment and the guantity estimated.

In this experiment, standard methods were used for
estimation of various solutes. For proline the acid
ninhydrin method®, for glycine the ninhydrin
method®, for glucose, the Nelson’s chromogenic
method!?, flame photometry for potassium and for
mannitol, the sodium metaperiodate oxidation
method'!, were used respectively.

When the diffusivity of the different solutes was

Table 1 Diffusivity of different solutes across a potato

osmometer.
Diffusivity
Solute (mmol cm™*h ™)
Proline 2.2
Glycine 1.4
Kl 0.3
Glucose 0.15

' ' " il
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calculated as mmol of solute diffusing out per unit area
of tissue per hour, it was found that proline had the
highest diifusivity rate (2.2 mmolcm™ 2 hr~1) as com-
pared to glycine which was 1.4 mM ecm™2hr™ 1. KClI
and glucose had relatively very low rates of 0.3 and
0.15mM em™%ht™?! in the potato cup experiment
{table 1).

Tuble 2 gives the amounts of the diferent solutes in
the donor agar blocks at the beginning and at the end
of the experiment and also the d.ffusivity of those
solutes through cowpea hypocotyl sections. This ex-
peniment reconfirmed the fact that proline exhibits a
bigh diffusivity rate compared to other solutes such as
glycine, glutamic acid, potassium chloride and man-
nitol {tzble 2).

The observed higher diffusivity of proling in com-
parison with some of the other commonly occurring
solutes 1n plant tissues, is another urusual property of
proline. The biological significance of this could be
due to prohine diffusion as and when it ac-
cumulates. across the membrane and accumulation in
organclles and thus escaping from oxidation in the
cytopiasm. At the same time, by this compartment-
ation, it could serve as an osmoregulatory solute.
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Table 2 Amounts of the different solutes in the Donor Agar blocks at the beginning and end

of the experiment and their diffusivity,
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Solute (mmol cm~*hr™?) block (ug) block (ug)
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ORDERING of branches plays a very important role in
determining the tree architecture. Mainly we talk
about two types of ordering—botanical® or develop-
mental ordering and Strahler’s? ordering. In the latter,
the terminal branches are of order 1, and two such
branches meet to form an order 2 branch and so on
down to the trunk. The union of an order i and order j
branch is assigned order i + | when i = j or order max
(,))wheni # j Inbotanical ordering the leader is said

to be of order 1, the primary branches emerging from
the leader as of order 2 and so on. This paper attempts
to move a step further by ordering the individual
shoots, instead of branch as a whole. The method of
ordering modifies the earlier one, in its ability to
identify each shoot individually with respect to its
position tn the canopy, its age or developmental stage.
Thus, in addition to describing the tree architecture in
greater detail, it also helps in recording the various
characters, (quantitative or qualitative) of individual
shoots. It can be used very efficiently for demographi-
cal studies of shoots or even leaves. The method has
been developed with special reference to Exbucklandia
populnea (Hamemellidaceae). Possibilities and limi-

tations of using this method to other tree species are
also discussed.

E. populnea 1s a medium-sized to tall tree. Qur
observations are based mainly on 4 to S-year old
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saplings. So far, in this species we have observed
branches upto order 4 (taking leader as of order 1). On
these branches whorl marks are visible at the positions
from where branch or branches of higher order emerge
during a particular flush. The portion of a branch
between two successive flushes is called a shoot. The
shoots from the current whorl of all the branches bear
one leaf and a stipule at the base of the petiole. Of
these, one is the extension of the parent branch and the
rest form branches of higher order. During the next
flush, these stipules break and shoots bearing a leaf and
a stipule emerge. As before, one from each stipule is an
extension of the parent branch and the remaining are
branches of higher and further higher orders. This is
followed during each flush. However, sometimes, for
higher order branches, no branch appears with further
higher order; only the parent branch continues to
extend during successive flushes.

EFrom the above, it is quite clear that a tree architec-
ture undergoes certain changes during each flush. Thus
a method of ordering which is able to consider these
changes from flush to flush is preferred. Its ability to
identify the position of the shoots at different canopy
levels 1s an additional quality. As mentioned earlier,
instead of branches, individual shoots are considered
as the final unit of ordering. Shoots of different flushes
can be distinguished easily with the whorl marks
formed at the place of emergence. First, we classify the
shoots with respect to the order of the branch to which
they belong. However, this is not just sufficient as there
Is more than one branch of that particular order. To
locate the exact position of a shoot we make use of the
fact that the nth order branch emerges from a par-
ticular posttion of (n — 1)th order, which again comes
from an (n—2)th order and so on. Symbolically, we
write p,s ..., (figure la) to denote the order of a
shoot, where i stands for the position of the shoot on
the first order branch, j for the same on the second, k
for the third and so on, The number of suffixes depends
on the highest order of branches present in a tree. Some
of the sufhxes may be zero as well, viz p,, 40 (figure 1a),
Obviously no non-zero suffix can follow a zero suffix.

In some cases, a shoot may produce more than one
shoot of the next higher order. For example, p,;0
(figure 1b) produces three shoots. Clearly, one is p;30
and the other two are p,,,. To identify them distinctly
we make an extension of the above notation by
introducing a series of super suffixes—a, b, ¢, . . . and
we write pi - ' - which denotes ith shoot of ath first
order branch, jth shoot of bth second order branch
and so on. And accordingly the shoots with order P,,,
can now be identified separately as p}i} and pi}Z. This



