MORPHOLOGICAL AND ANATOMICAL INVESTIGATIONS ON
ARTOCARPUS FORST.

II. Tue INFLORESOENCE 2
by M. R. SuARMA, School of Plant Morphology, Meerut
(Communicated by V. Puri, F.N.L)

(Recetved June 19, 1962)

The inflorescence of eight species of Artocarpus has been studied. The mor-
phology of inflorescence reveals two peculiarities : (i) Oceurrence of the so-called
polystelic condition in the stalk and the infloreseence axis; (ii) the down-
turning in the course of vascular supply of the lower flowers. The former
condition is understandable if we consider every one of the danghter stelos as
representing a branch. Thus it is inferred that the apparently simple spike
of Artocarpus is probably the outcome of earlier fusion or coalescence of
several fertile branches. In the light of the information available, the
following two views regarding the evolution of this type of inflorescence
have been tentatively suggested. Firstly, this type of inflorescence might
have been evolved from simpler forms with loose clusters or panicle type.
After condensation of branches and due to intercalary growth in the basal
region the vascular supply of the lower flowers got pushed upward, possibly
resulting in Artocarpus type of inflorescence. Second possibility is that by
downward growth of the margin of a flat or convex type of coalesced re-
ceptacle and due to intercalary growth in its central region, the present-day
condition of Ariocarpus is obtained.

InTRODUCTION

In a previous communication, morphology and anatomy of the vegetative
organs of Artocarpus were studied (Sharma 1962). Amongst the reproductive
organs, the inflorescence is the most important part of the plant but this has
been given rather meagre attention by morphologists and anatomists and for
that reason our understanding of it is not very clear. Bernbeck (1932), while
describing the morphology of the inflorescence in Urticaceae and Moraceae,
left out this important genus altogether. Jarrett (1959) recently has touched
upon some points of interest but so far there has been no adequate study of
this significant organ. The studies made here though do not give a full aud
conclusive picture of the nature of the inflorescence at present, it is hoped

1 Based on a portion of the thesis approved for the Ph.D. degree of the Agra University.
* Research contribution No, 43 from the School of Plant Morphology, Meerut College,
Meerut.
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that this will throw sufficient light on the anatomical structure of the inflores-
cence that may be useful in making certain tentative conclusions.

MATERIAL AND METHODS

The inflorescence of variable size and age of A. heterophyllus Lamk. and
A. lakoocha (Thunb.) Merr. were collected and fixed in F.A.A. from the trees
of local gardens and also from Calcutta and Saharanpur. A. chaplasha Roxb.
was collected by the author from Calcutta and fixed material of A. altilis
(Park.) Fosb. (syn. A. incisa Linn.) and 4. hirsutus Lamk. was kindly sent by
Mr. Veerabhadra Rao of Visakhapatnam and Dr. K. Subramanian from
Coimbatore respectively. The inflorescences of Malayan species, i.c. 4. integer
(Thun.) Merr. (syn. A. ckampedon Spring.), 4. rigidus Blume. (4. echinatus
Roxb.) and 4. odoratissimus Blanco., including those of A. heterophyllus
Lamk. and A. altilis (Park.) Fosb., were kindly fixed and sent by Dr. J. Sinclair
of Singapore.

The material was dehydrated and embedded in usual manner. Serial
sections of 10-16 microns were cut. Hand sections and microscopic dissec-
tions were also prepared. Crystal violet-erythrosin, safranin-fast green and
haematoxylin gave good staining results.

OBSERVATIONS

Artocarpus is a monoecious genus and has separate male and female inflo-
rescences borne on the same branches. In A. heterophyllus, however, besides
normal plants, there appear to be some which are predominately male or
predominately female. Such a condition has been observed by the author in a
number of plants in local gardens. These inflorescences of Arfocarpus, whether
male or female, may be pedunculate, sessile or snb-sessile and remain covered
by stipules for varying periods in different species (Figs. 1-5, 28, 52, etc.).

Fres. 1-21

A. heterophyllus. TFigs. 1-5. Fxternal features of flowering shoot and open buds showing
successively developed younger organs. The two prominent stipules (8) enclose younger
leaves (L), stipules (S), buds (B) and inflorescence of younger gradations. Note the
involucre (in) below the male (M.inf.) and female (F.inf.) inflorescences. Fig. 6.
Semi-diagrammatic ls. of an inflorescence showing vascular supply. The numbers
indicate levels at which transverse sections have been shown in figures bearing the
same numbers. Note the down-turning vascular supply to involucre and lower flowers,
Figs. 7 and 8. T.s. of two peduncles showing variations in the steles. Figs, 9-21.
Serial transverse sections of a young inflorescence base upward showing vascular supply
at different levels. Note the involucre (in) and the lower flowers (fls) do not receive
their vascular supply directly from the stele but from peripheral strands which depart
higher up from the two ends of stelar groove and the stele splits into many daughter
steles in Fig. 17. (inf.az.—inflorescence axis, sls—steles, ¥--xylem, I’i—phloem),
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The time of flowering may vary from species to species and place to place.
A. heterophyllus starts flowering in North India as early as December or Janu-
ary and may continue to do so up to April.

A. heterophyllus is a cauliflorous species and both types of inflorescences
develop almost simultaneously on very small young and newly developed
flowering shoots, the latter arising from a warty wen on the main trunk and old
branches. Sometimes the inflorescences may develop at ground level of the
trunk and appear to be arising from the roots. The flowering shoot sheds its
leaves and functions as a stalk for the composite fruit that develops from the
female inflorescence.

In A. lakoocha, the first crop of the inflorescences is entirely male and
after their anthesis the female inflorescences begin to develop and thus the
flowering period lasts for about two months.  A. altilis, which flowers twice a
year in South India and also in Malaya (Corner 1952), develops both male and
female inflorescences on the same or different shoots.

Both male and female inflorescences arise separately in the axil of a
leaf (Figs. 1-5). They are pale white or pale yellow when they are enclosed by
the stipules but become deep green or pale green on exposure. In A. hetero-
phyllus, the old spathaceous stipules are found to enclose several young inflores-
cences of graded series (Figs. 1-5). In very young condition male and female
inflorescences cannot be distinguished but after their emergence from stipules,
they start differentiating markedly. In A. helerophyllus, they have peduncles
3-6 em in length and an involucral ring at the base of the inflorescence
enclosing the lower flowers (Figs. 1, 2). This involucre is absent in other
species. The inflorescence in this species stands erect as club-shaped structure
but later on hangs downward like a catkin. The male inflorescence measures
1-4 cm in breadth and 4-10 cm in length.

They have at anthesis innumerable spiny outgrowths formed by the
projecting apices of the perianths of flowers. Each inflorescence at this time is

Fias, 22-37

A, heterophyllus. Figs, 22-27. 8erial transverse sections of twin inflorescences. Figs, 22-24.
The stele splits into two steles (si” and s¢”) at the region of a bud protrusion (B.tr.—bud
traces), Figs, 25-27. Showing the separation of two inflorescences (inf’, inf") at
upper level (in.ir.—involucre trace).

. integer. Fig. 28. A small flowering shoot with female inflorescence (F,inf.), stipules,
leaves, bud, ete. A male inflorescence (M.inf.) shown separately on the left. Figs. 29-33.-
Serial transverse sections of an inflorescence, base upward showing vascular supply.
Note the formation of four rings of vascular strands (Ir, IIr, IIIr, IVr) in the
inflorescence axis (Fig. 30), which descend from higher levels,

A. altilis. TFigs. 34-37. Serial transverse sections of male inflorescence from base upward
showing vascular supply. Note the changes in the stele that splits into many steles.
Abbreviations same as in previous figures.
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dusted with yellowish powder of pollen grains which comes out from the
anthers. Soon after maturity they become mummified and drop off.

A. chaplasha and A. lakoocha have peduncled and sub-sessile inflores-
cences respectively. They are more or less rounded and have characteristic
depression (pit) at the base where it joins with the peduncle. In 4. lakoocha
the male inflorescences at anthesis turn deep yellow or orange vellow due to
which there is a beautiful blaze on the whole tree. They have a peculiar
spongy, soft and fleshy axis which is pinkish-red in colour unlike other species
where it is solid and colourless. In A. altilis, the male inflorescences are
club-shaped long pendulous catkins of 25-40 cm (see also Bailey 1950), while
in A. hirsutus, they are 10-15 cm long (see also Brandis 1906). The surface of .
the inflorescence is somewhat tuberculated due to pointed apices of perianth.

Unlike the male ones, the female inflorescence does not ordinarily drop
down but remains attached on the twig. It becomes pale green after anthesis
and finally develops into a composite fruit. In A. heferophyllus, A. altilis,
A. rigidus and A. hirsutus, it has a characteristic spiny surface from the very
beginning which becomes more and more so as the inflorescence increases
gradually in size. These pointed spiny outgrowths are the apices of the
tubular perianth. In A. lakoocha, however, these apices are rounded or
somewhat flat rendering the inflorescence surface more or less smooth, In all
the species studied here, the perianth tube of female flowers opens by an
apical pore, through which style and stigmas project out as stiff hairs.

In a few abnormal inflorescences of A. heterophyllus and A. altilis, there
have been found many female flowers at the base of the male and numerous
male flowers at the base of the female inflorescences. However, no bisexual
flowers have been recorded here, as claimed by Venketram (1956) in his ab-
normal inflorescences of A. altilis.

Anatomical features—The structure of the peduncle of male or female
inflorescence is similar to that of a vegetative internode with slight variations.

Fias. 38-60

A. rigidus. TFigs. 38-44, Serial transverse sections of an inflorescence from base upward
showing vascular supply. The stele invaginates as it enters the inflorescence axis but
does not give off vascular traces until at higher level where it splits into many steles and
supplies the flowers in usual fashion. Figs. 45-51. Serial transverse sections of another
inflorescence from base upward showing the steles in the peduncle (st’, st”). The latter
enter the common inflorescence axis and supply their respective halves normally.

A. odoratisstmus. Fig. 52. A portion oi: flowering shoot with a male inflorescence {M.inf.),
young leaf (L), & bud enclosed by stipules (8) and stipular scar (Ss). Figs. 53-60.
Serial transverse sections of an inflorescence from base upward showing vascular supply.
Figs. 53-55. BStages of invagination of stele as it enters the infloresecence axis.
Figs. 56-58. Splitting of the stele into daughter steles and divergence of vascular traces
to supply flowers of corresponding regions. Figs. 69-60. Vascular supply of upper
region.

Abbreviations same as in previous figures.
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In transection, its epidermal cells are radially elongated or may be squarish or
columnar and sparingly (A. heterophyllus, A. altilis) or densely (A. integer,
A. lakoocha, A. rigidus and A. chaplasha, ete.) produced into simple, straight
or slightly hooked hairs. In the last two species, the hairs are so dense that
the epidermis becomes much irregular and indistinct. The hypodermis is
collenchymatous or this tissue may be absent (4. lakoocha), while the cortex
within is exclusively parenchymatous. The pith also is made of thin-walled
parenchyma with many intercellular spaces. The fleshy inflorescence axis is
also made of parenchymatous cells richly laden with food material. The
laticifers are present in cortex and pith but they are distinet in medullary
rays. Along with vascular traces and near the phloem (outer side), the lati-
cifers run in different regions and their magnitude increases with that of
phloem. They are better developed in A. heterophyllus, A. lakoocha, A.
integer and 4. rigidus, ete. Druses are present in cortex and phloem but are
nore abundant in the latter.

In transection, the peduncle shows a somewhat circular or wavy ring of
vascular bundles in normal fashion (4. heterophylius, A. chaplasha and A.
lakoocha, etc. (Iigs. 7, 66 and 73). However, the vascular stele is much
variable and not uncommonly it is horseshoe-shaped with its two free ends
involuted at different degrees (Figs. 9, 10, 29, 38, 53, 61 and 67). The two
involuted ends of this open ring are drawn inside considerably and almost
reach the opposite middle region of the stele (Figs. 38, 39, 53, 54 and 61, etc.).
In many instances, the stele just after entering the peduncle may divide into
several daughter steles (Figs. 8, 34). In such cases (4. heterophyllus), the
stelar bundles begin to expand and gradually arrange themselves into some
more or less distinct groups. Each of these has 3-5 or more vascular bundles
that form a complete cylinder with its own pericycle and central pith. The
endodermis, however, is indistinguishable in such cases. In this way the

Fies. 61-77

A, hirsutus. Figs. 61-65. Serial transverse sections of a male inflorescence from base
upward showing the vascular supply. The stele invaginates and divides into many
steles at higher level, The vascular strands depart and diverge to supply corresponding
regions.

A. chaplasha, Fig. 66. T.s. peduncle with a normal stele. Figs. 67-72, Serial transverse
sections of a male inflorescence from base upward showing vascular supply at different
levels. The stele as in previous cases divides into daughter steles and supplies the
flowers at corresponding levels. ;

A. lakoocha. TFigs. 73-77. Serial transverse sections of an inflorescence from base upward
showing the vascular supply. TFigs. 73-74. Normal stele in the lower regions of in-
florescence. Figs. 75-76. The vascular strands depart and the stele splits into small
daughter strands but does not form distinet steles. The vascular strands diverge in all
directions and supply the flowers of corresponding regions. Fig. 77. Upper region
showing the vascular supply.

Abbreviations same as in previous figures.
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parent stele divides into a number of daughter steles which appear as poly-
steles.* They are unequal, annular, oval or elliptical in cross-section (Figs.
8, 34, 35). Both normal type of parent stele, e.g. monostele, and its splitted
condition, i.e. polysteles, are found in the peduncles (4. keterophylius) of male
and female inflorescences irrespective of their young or old stages. Even the
normal stelar ring of the peduncle, that remains unaltered in the inflorescence
axis for a pretty long distance, has to split and divide into polystelic condition
higher up in the inflorescence axis (Fig. 17 and others).

In A. heterophyllus, just below the flower-bearing region, the peduncle
bears a ring of involucral bracts in the form of a collar (Figs. 6, 11 and 12),
which is more or less incomplete on one side. It is interesting to note that
this collar does not receive any vascular supply directly from the parent stele.
Similarly the flowers of all the species of lowermost region of the inflorescence
do not get any traces from the main stele directly (Figs. 6, 11-13, 29, 34, 35,
39, 54, 62, 68 and 74). However, thére are some bundles which ramify pro-
fugely in the cortical region and supply traces to the flowers of the lower
region as well as to the involucral collar in A. heterophyllus (Figs. 6, 11-13).
These bundles have diverged out from the parent stele about half-way up the
inflorescence axis and then they descend through the cortex obviously be-
coming inversely oriented (Fig. 6). Sometimes they may be amphicribral as in
A. integer, ete.

The vascular stele entering the inflorescence axis may be mono- or poly-
stelic, as pointed out before. It does not give off any vascular traces until
about the middle of the inflorescence axis (Figs. 6, 9-14, 29-30, 34-36, 38-41,
53-56, 61-62, 67-69 and 73-75). This distance, however, may not only vary
from species to species but also between individual inflorescences of the same
species. In cases where the condition is monostelic, the vascular bundles
which were compactly arranged in the lower region begin to loosen slightly
and the stele starts expanding somewhat. As the middle of the inflorescence
is approached, the vascular bundles of the stele begin to give off traces (Figs.
6, 14-16, 36, 41, 56, 63, 75, etc.). The first traces given out are from prom-
inent and large bundles or from the two ends of the horseshoe-shaped stele,
or groove whenever it is present, but very soon, traces diverge from sll sides in
large numbers. They branch as they pass through the cortex. Many of
these bend downwards, as pointed out before, but some of them take a horizontal
course or an obliquely downward course and supply flowers in their respective
regions (Fig. 6 and others). In 4. infeger, the down-turning vascular strands

* Beott (1890-91) and Solereder (1908) have also reported similar condition in a number of
Angiosperms, Eames and MacDaniels (1947), however, object to the usage of the term ‘poly-
stele’ ; they prefer dictyostele for such a condition.
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form somewhat rings of vascular bundles. At the lowest region of the inflo-
rescence, as seen in the serial sections, there are about fifty amphicribral vascular
bundles in the peripheral region of the axis which split and diverge out vascular
traces to supply the flowers of lower regions. As we proceed upwards, the
vascular bundles of this ring appear to be stouter but they decrease in number.
Another ring with smaller vascular bundles is visible outside the first and this
sets off small traces all around to supply the flowers of that level. Still up-
wards, third, fourth or even fifth, somewhat irregular rings may appear
gradually, all seem to develop centrifugally (Fig. 30). As we go up, it becomes
quite evident that the vascular bundles of these different rings are given off
from the parent stele or splitted steles at successive intervals (Fig. 31). These
branches proceed downwards obliquely and by further splitting give off
smaller floral traces towards peripliery, as in other species.

Still upwards (at about two-thirds of the distance), the daughter steles in
all species further split into smaller and smaller daughter steles (Figs. 6, 17-18,
31-32, 42-43, 56-58, 63, 70-71 and 76). Those on outer side branch at suc-
cessive levels obliquely upwards towards periphery and supply the flowers at
their respective levels. The daughter steles of the inner region undergo some
further branching and anastomosis and run vertically up to supply the flowers
at the top of the inflorescence (Figs. 19-21, 33, 37, 43-44, 59-60, 64-65, 72 and
7.

In A. lakooche, the vascular bundles of the parent stele in an inflorescence,
though separate apart, do not form distinet daughter steles as observed in
other species. Here the vascular traces of different magnitude depart from
splitted bundles of the stele in usual manner and the course of vascular supply
remaing exactly similar to that of other species (Figs. 75-77).

In very young inflorescences, the vascular traces from the main stele
begin to depart just at its very base. As the development proceeds, the
lower portion increases considerably resulting in more or less down-turning in
the course of traces supplying the lowest flowers.

In a few instances (A. heterophylius), there are developed twin inflo-
rescences (Figs. 22-27). When young, they remain fused or appressed to the
lower regions. Here the vascular traces in the form of a pouch given out by
parent stele split, and organize into two steles which enter young inflorescences
independently (Figs. 22-24). There may arise a small bud also on one side at
the common splitting region which may be supplied by one of these steles
(Fig. 24). In one inflorescence, the stele while entering the axis splits and
forms more or less a polystelic condition but in another one there is a normal
ring which also splits into many daughter steles higher up (Figs. 25-27).
The further vascular supply of the flowers is usual as in other inflorescences.

In one instance (4. rigidus), the parent stele during its course in the
peduncle splitted up into two equal steles, which became completely circular
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in outline (Fig. 45). Both were surrounded by their own pericycle and had
central pith and traversed independently in the common inflorescence axis
(Figs. 46-48). They gave off traces as usual from about the middle of the axis
(Figs. 48, 49). The upward course of vascular supply is normal (Figs. 50, 51).
Tt will be seen that this bistelic condition in the peduncle is just a culmination
of the tendency exhibited by deeply involuted steles. If the involuted mar-
gins meet the stelar wall on the opposite side and if the latter breaks up from
this point, a bistelic condition will be obtained. This inflorescence was rather
irregular in shape and had two prominent grooves on the lateral sides.

Discussion AXD CONCLUSION

It is not always easy to designate the type of inflorescence particularly if it
is a compound one. Okimoto (1948), for instance, could not find a suitable
term for describing the inflorescence of pineapple. The same problem arises
with respect to the inflorescence of Artocarpus. We have no adequate word to
describe it. It consists of innumerable small flowers that are sessile, unisexual
and compactly arranged ou a fleshy axis. They appear to mature simul-
taneously. This account fits in somewhat into a spike, but its anatomy
makes it more complicated. As will be recalled, there are two important
peculiarities : (i) the occurrence of so-called ‘polystelic’* condition in the
stalk of the inflorescence, (ii) the down-turning in the course of the vascular
supply of lower flowers.

The ‘ polystelic’ condition seems to have been brought about in different
ways. In one method, commonly met with in A. heterophyllus, the normal
siphonostele splits into a number of small ares or groups of small bundles
which become incurved, enclose a small parenchymatous pith and produce a
number of daughter steles. In another case the stele opens upon one side by a

* There seems to be some difference of opinion as to the use of the term ‘ polystele ’ for angio-
sperms (see Eames and MacDaniels 1947). But the condition exists in some cascs. For
instance, Scott (1890-91) describes the origin of polystely in Auricula and Gunnera. Solereder
(1908) has described it in many angiosperms like Victoria regia, species of Primula, rhizome of
certain species of Nymphaea and also in fruit axis of certain Quttiferae, Ternstroemiaceae, Mal-
vaceao, Sterculiaceae, Meliaceae and Moraceae including Artocarpus.

Figs, 78-89

Figs. 78-84. Schematic representation of stelar variations in the inflorescence of Artocarpies,
Fig. 78. Normal type from which other types have been derived in the same or diffcrent
species.

Figs. 85-89. Schematic representation of probable evolution of the inflorescence of Arfo-
carpus and its relation to other members, Fig. 85. Dorstenia brasiliensis (after
Baillon 1880). Fig. 86. Hypothetical diagram (dntiaris or Castoloa type). Fig. ST.
Artocarpus, Fig. 88. Dorstenia multiformis type (after Baillon 1880). Fig. 89. Ficus
glomerata, Arrows conneeting figures indicate probable lines of evolution.
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branch gap and then its margins become considerably involuted inward,
forming an invaginated horseshoe-shaped stele with inner bundles having
inverse orientation of xylem and phloem. A little higher up, it splits into a
few unequal groups or daughter steles which supply groups of flowers on their
respective sides (A. altilis, A. heterophyllus, A. hirsutus, etc.). Occasionally it
may split only into two equal steles in the common stalk and the axis of the
inflorescence (4. rigidus). The variations found in the stele of the stalk of the
inflorescence are represented in Figs. 78-84.

The occurrence of polystelic condition in the middle of the inflorescence
axis is an important structural feature that must in some way be connected
with the morphology of the inflorescence. One of the obvious and easy ways
in which this is understandable is to consider every one of the daughter steles
as representing a branch. Thus it appears logical to infer that the apparently
simple spike of Artocarpus is probably the outcome of phylogenetic fusion or
coaleseence of several fertile branches.

There are many instances of concrescence and condensation in the plant
kingdom where a single structure now embodies the essentials of two or more
structures (cf. Goebel 1905; Bugnon 1928). Weatherwax (1935) refers to cases
in which even separate axes have fused in this way, as for instance, in Cenchrus
a number of branches appear to have joined to form an involucre. He also
discusses the ‘ fusion theory * which has been accepted by a number of workers
including Nickerson (1954) to explain the origin of maize ear. In Platanus
also, the present-day inflorescence consisting of 1-6 heads is believed to have
been derived from a panicle through reduction and fusion (Boothroyd 1930).

There is little doubt that this interpretation of the Arfocarpus inflo-
rescence is somewhat speculative but it is not altogether improbable. In the
absence of any specific evidence to the contrary and positive evidence from
anatomy and comparative morphology, we are inclined to look upon it as a
tentative working hypothesis.

It may not be out of place to speculate further, as to how this condi-
tion might have been brought about. There are two possible ways. In the
first place, we may assume that the inflorescence of Arfocarpus is derived from
a compound spike or catkin with loose clusters or panicles. The condition in
Morus or Broussonetia comes to our mind in this connection. The loose male
inflorescences with clusters of flowers and compact female ones, after further
condensation, perhaps may have given rise to Arfocarpus type of inflorescence.
It is only during further development that the basal region of inflorescence
elongates due to intercalary growth and brings about greater or less down-
turning of first formed vascular strands as found in cylindrical globular heads
of Artocarpus inflorescences.

Another plant that may be profitably considered in this connection is
Dorstenia whose flattened receptacle is often considered as coalesced product of
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pedicels and peduncles (Rendle 1938; Lawrence 1951). 1In Dorstenia multi-
formis and D. cuspidata, the receptacle is cap- or flask-shaped with flowers inside
(Baillon 1880). If margins of this cup become incurved, we may get a pitcher-
like structure and by further incurving due to receptacular growth we may
obtain a fig-like structure as appears to be borne out by my cursory study of
Ficus glomerata. This assumption appears to be logical and has already been
hinted at by several authors (c¢f. Gray 1880; Condit 1947; Lawrence 1951).

If this hypothesis is correct, we may assume that Dorstenia brasiliensis (cf.
Baillon 1880) type, with flattened and convex receptacle, has given rise to
Artocarpus type of inflorescence in another direction. If the margins of such a
receptacle curve downwards and become drawn out considerably, meeting the
peduncle, we may perhaps obtain a condition met with in Artocarpus. The
degree of down-turning of these margins and the intercalary growth in the
middle of the receptacle may result in globose, slightly flattened or evlindrical
heads as found in different species of Arfocarpus. Such an assumption seems
to offer a satisfactory explanation of the down-tnrning in the course of vascular
bundles supplying the lower flowers.

In the absence of any detailed study of this basic genus Dorstenia, it is
neither profitable nor desirable to speculate any further on the subject. The
tentative suggestions put forward here are illustrated in Figs. 85-89.
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