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I. Introduction

Grafting as a method in forest tree breeding was introduced by Syracu
LarsEN in Denmark in 1936 (see SyracH LarseN 1947). In Sweden
experiments were started in 1940 (STEransson 1952) and during the
last decade, grafting has been used increasingly in Swedish forestry.
Every vear about one hundred thousand Scots pine and Norway spruce
grafts are made. The main object is to propagate selected trees, so called
plus trees, for planting in seed orchards where high quality seed is to
be produced, cf. e.g. ANDERSSON & Jansson (1952) and ANDERSSON
(1960, 1962). A great many factors of importance for the result of
grafting still remain unknown. The present investigation was instituted
because it was presumed that some factors of importance were to be
found in the process of union of the scion and the stock. The number of
successful graft unions in Scots pine is generally superior to that of
Norway spruce. It was felt desirable, therefore, that the histological
pattern of union in both of the species should be examined, so as to
enable conclusions to be drawn as to the best method of grafting.

II. Literature review

The literature on the growth processes in graft junctions is extensive. Among
the woody species the fruit trees have attracted most interest. Many investiga-
tions have also been carried out in regard to herbaceous plants, primarily the
Solanaceae. It is only in the last decade that a few investigations have been
devoted specially to grafts of conifers.

It has been my intention to give a clear survey of earlier findings on the
process of union in grafts of other species, as a background to the following
description of the process of union in grafts of pine and spruce.

The history of grafting from primeval times has been reviewed by Vécaring
(1892). BrRapForDp & SitTon (1929) presented a full summary of the literature
published up to that time, and KrexNkE (1933) referred to a great many papers
in his comprehensive discussion of various stages of union.
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The possibilities of successfully transferring a part of one plant individual to
another, of getting it to unite and continue its growth, have long been known.
The earliest information was found in a paper by Psevpo-HippocRATES about
424 B.C. He, and later on TuzorHRASTUS, pointed out that the scion retains its
specific character. Although living on the supply of nutrients from the stock
to begin with, the scion, he said, gradually develops roots which penetrate
through the stock, and thus provide for its nourishment. THEoPHRASTUS stated
that union is most easily established when the components are as equal as
possible. Up to the end of the 17th century his successors described a great
number of the most fantastic graft combinations (VécHTING). DE LA QUIN-
TINYE (1690) finally refuted these absurd statements by defining the kind of
stock feasible for various kinds of fruit trees.

DurAMEL DU MoNcEAU (1758) was the first to attempt a histological in-
vestigation of graft unions. Three weeks after grafting, he noticed formations of
the kind we now know under the name of callus: ‘‘substance tendre herbacée
et comme grenue’”. He also found that union developed only between newly
formed tissues of this kind.

During the first part of the 19th century reports on graft unions were pub-
lished by i.a. Turrin (1831), pE CANDOLLE (1832) and TrREvVIRANTUS (1838). In
time the functioning of the cambium came to be gradually understood and thus
also the nature of the union. TREVIRANUS, however, submitted there was union
of the graft components only in the rind.

HansTEIN (1865) was of the opinion that all new growth was to be traced
back to the activity of the cambium. GOpPERT’s investigations on grafting
were published in 1874, but as early as in 1841 in a paper on the healing of
wounded spruce stems, he had given some views on the graft union. The first
year he found in some grafts of Sorbus a macroscopial green stripe between the
graft components, which in the second year was embedded in a continuous ring
of wood. The tissues established in the first year and then embedded between
wood surfaces he called ‘‘intermedidres Zellgewebe’. In the publication of
1874 the process of union was described as follows: ‘“‘Auf der vertikalen Flache
des Mutterstammes, wenn sie von der des Pfropflings eng umgeschlossen wird,
entwickelt sich jenes wie ich nun fand deutlich von den Markstrahlen ausge-
hendes Parenchymgewebe, welches mit dem des Pfropflings in Verbindung iritt
und so unter Begilinstigung mdoglichst vollkommen Abschlusses von der At-
mosphére der Vereinigung nebst der bald zu erwidhnenden Cambialschicht
bewirkt’’.

GorpERT stated further that the healing tissues soon become difficult to
detect after neatly performed bud grafting, and after grafting with vertical
cuts. They never vanish however. After oblique cuts such as in splice grafts,
or when the grafting has been done less carefully according to the methods
previously mentioned, the tissues soon wither. In old grafted stems the tissues
can always be observed as a dark stripe in the wood.

In the following year SorRAUER (1875) published an article that contradicted
GoprrERT in certain details. His views are described more elaborately in his
”Handbuch der Pflanzenkrankheiten” (2.—5. edition, 1884—1924). He stated
that in various types of grafts there is a slight difference in the healing process
of herbs and herbaceous parts of ligniferous plants on the one hand, and of
branches with a fully developed wood cylinder on the other. *’Im ersteren
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Falle nehmen haufig an der Bilding der ‘Kittschicht’ mehr Gewebe teil als im
letzteren Falle, bel welchem es sich vorzugsweise um eine von der Kambium-
zone (bisweilen auch noch von der Markkrone) ausgehende Gewebemasse
handelt, welche sich in den Zwischenraum zwischen Edelreis und Wildling
hineinzwingen oder, bildlich genommen, die Fugen zwischen den beiden
aneinaderliegenden Teilen ausgiessen muss” (4. edition p. 829). “‘Kittschicht”
is SORAUER’s expression for GOppERT’s ‘‘intermedifires Gewebe’’. In contrast
to GOPPERT, SORAUER was unable to find any difference in the longevity of the
intermediary tissue caused by the method of grafting. The dead tissues or
cavities that are sometimes found in old grafts were due to the stock and scion
having been fitted so closely together that the wound had been healed rapidly
by the first wound callus alone, and without the formation of any wood paren-
chymatous tissues in the space between the components. HErsEk (1908) stated
that the callus tissues developed in splice grafts and veneer grafts enter the space
between the wood surfaces from the cambium, and show a tendency to sepa-
rate the components. Uniting on the external sides, the cambia then engulf the
intermediary tissues, which soon die.

SorAUER stressed that his examinations of bud grafts and rind grafts, in
contrast to those of his predecessors, showed that all the elements capable of
growth participate in the formation of wound callus and ‘‘Kittschicht™.

With regard to the establishment of union after bud grafting and rind graft-
ing, SoraUER distinguished between wound callus and ‘‘Kittschicht’’. The first
srowth at the wound surfaces he presumed to be wound callus uniting both
components. Callus meristem in combination with the cambium of the bark
flap was to form the ‘‘Kittschicht” proper by extruding the wound callus. In
the cases investigated by SoraUER the stock cambium and a number of in-
completely differentiated wood elements had adhered to the bark flaps. The
cells destined to become wood elements would contribute to the formation of
lignified parenchyma (“Kittschicht”) in the interior folds. This conception
of the process was not shared by MENDEL (1936), who contended that the newly
formed callus is converted to permanent tissue. VocHTING (1892) stated that
wound parenchyma in a bud graft is formed from both the stock and the scion.
The new cambium in the parenchyma, however, was assumed to originate solely
from the scion. The union of grafts was said to occur in the same way. The sole
difference being that only the tissues of the cambial zone would participate in
the new growth if the graft components had a fully developed wood cylinder.
Kasus (1912) arrived on the whole at the same conclusions as SoRAUER and
Vocuting. Concerning callus formation in woody species he said: ‘‘Bei der
Holzpflanzen dagegen ist das Cambium wachstumsfihig, das Holz nicht.” He
assumed the initiative to the union of the components to originate in the scion.

Vocuting also introduced the matter of corresponding pits between cells of
different origins in grafts. He confirmed the occurrence of such pits in the graft
of a stem on root in Befa vulgaris. STRASBURGER (1901) had also made the same
observation in several species. He also succeeded in showing plasmatic connec-
tions (plasmodesmata) between cells of rind origin when grafting Abies nobilis
on Abies pectinata. The correctness of this observation was subsequently
questioned by MEVER (1902), and MEYER & ScumIpT (1910), among others.
An investigation of the status in perichlinal chimaeras which confirmed the
views of STRASBURGER, was carried out by Hume (1921). Funk (1929), too,
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confirmed the occurrence of plasmodesmata between cells of different origins in
grafts of Pefunia and Dalura.

KusTER (1903—1925), as well as SCHMITTHENNER (1907) and STEFFEXN (1908),
confirmed SoRAUER’s observation that all living plant parts are able to contri-
bute to the formation of callus under stimulation from a wound, provided,
according to K¢/sTER, their membranes are not lignified. ScumITTHENNER found
the cambium and the secondary phloem to be the chief callus-producing ele-
ments. In common with STEFFEN, he observed a rapid callus formation from
the pith of Ribes grafts.

Referring to a similar observation made earlier by HErse, Orman~ (1908)
found that the callus formation originated primarily in cells of the cambium.
In the same year, however, HErRSE (1908) published a more comprehensive
treatise which partly contradicted this earlier statement. HERrsE also studied
wound healing and the union of the rind. He described the cork cambium
parallel to the wound surfaces in the rind as being formed by the participation
of all the living elements present, and he concluded that, in principle, there is
no difference between wound cork and callus.

Primarily OrmaxN and HEeRsE both suggested that the penetration of the
contact layers (necrotic tissue) on the surfaces of the graft components occurs
by crowding and compression. HERSE, however, abstained from discussing the
matter of resorption. MAvre (1896) considered the union of two callus edges
covered with a cork layer to be a process of disintegration and resorption. The
occurrence of some sort of resorption is a possibility suggested by most later
scientists. ‘

OmMANN was not able to observe initiation of the cambial union. He noticed
a differentiation of tracheid-like elements in the callus tissues, but a zone
corresponding to that in which cambium was formed later did not participate
in these differentiations. Cells that were no different to ordinary callus cells
were first formed in this zone, but they gradually developed into woody ele-
ments. HERSE conceived the cambial growth to occur in a similar way—Dby a
meristematic zone in the united callus first producing parenchymatous tissue
only. HErsE also found that the cambial activity round a wound started earlier
than in other places in the stem, and remained more active until the wound
was healed. He stated that the cambium deflects outwards as a result of the
great activity at the edge of the wound, and that callus cambium is formed in
connection with this cambium. If junction with the other cambium is achieved
rapidly, no further deflections will occur, but otherwise the callus cambium
will turn inwards, since it tends to follow the upper side of the callus when this
penetrates between the wood surfaces.

BraprorRD & Sitron (1929) suggested that the union of successful grafts
may be equalled to wound healing under favourable conditions. The cambial
activity is the main process, but callus formation has also been observed in the
cortex, pith, and xylem rays, and from not fully differentiated xylem elements.
The final healing, i.e. the formation of a continuous cambium, is completed
through a zone of parenchymatous tissue which is sometimes a product from
the morphological inner side of the cambium, and sometimes, at slow healing,
from cortical parenchyma.

ProOEBSTING (1926, 1928), as well as BRADFORD & SITTON, investigated grafts
that for some reason were defective. PRoEBsTING showed that grafts of pears
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on quince often appeared to succeed, but that the cambial union gradually
decomposed. In many graft combinations where stock and scion united poorly,
he noticed an abnormally large portion of parenchymatous tissue in the union
zone. He could often see twisted vessels in the region of junction, mostly when
one of the components was more vigorous. This, he stressed, did not mean that
the union was less vital. In the main BRADFORD & SrrToN made similar ob-
servations. The cambial union of graft components that were known to show
incompatibility mostly broke towards the end of the growing season. Next year
they often reunited, but with each season increasingly seldom. Pieces of paren-
chyma, often suberized, were left between the expanding stock and scion.
HEerrERO (1951) suggested that the breaks in incompatible graft unions were
initiated in adjoining cambial cells of stock and scion. Mosse & ScARAMUZZI
(1956) stated after close investigations: ‘. . . that necrosis begins in the phloem
at some distance from the cambium, that it spreads inwards towards the cam-
bium along rays and is able to reach the cambium and initiate new breaks in the
woody tissue at times when the rate of cambial activity is slowed down as a
result of seasonal or other causes”.

Further investigations on incompatibility have been made by i.a. McCLiN-
rock (1948), Sax (1954 a), TuieL (1954), SticTER (1956), Mosse (1938),
Prrcuer (1960), and Bucuron (1962). McCrLiNnTock budded peaches on stocks
of plum in the late summer. The scion united normally with the stock
and the bud burst in the following spring, but in mid-June the leaves
turned chlorotic on the newly formed shoot, which subsequently withered
entirely. Simultaneously the stock, which had been cut back entirely in the
spring, displayed dying root tips. A microscopical investigation showed that
the union of xylem tissues was mostly complete, whereas the phloem tissues
had never united. Thus the bud received sufficient water to enable it to burst
in the spring, whereas the root growth could not be sustained on account of
an insufficient supply of nutrient. In grafting different cucumber species
onto each other StiGTER observed that certain combinations were able to
unite if leaves were left on the stock. Otherwise the junction of the phloem
became deficient. PircHer has found some combinations of Acer-species to
grow well until the stock was entirely cut back. StieTer and PircrHER both
presumed that the leaves of the stock produced some substance necessary for
a proper union. Incompatibility may be overcome by using compatible inter-
stocks (see e.g. KrussMannN 1954, and Mossg) but Sax has shown that this
does not always prove to be true.

Around 1930 several investigations into the anatomy of the graft union,
mainly in herbaceous plants, were reported. Kostorr (1928, 1929/30) stated
that most of the callus was formed from the stock, which was thought to be
due to an insufficient supply of water to the scion during the initial stage of
union. After union had been completed, however, the vigour of the scion was
superior to that of the stock. Cambial union first occurred in the lower part of
the callus tissue.

Upon observing that intense callus development took place only when brown,
dead cell remnants occurred on the wound surfaces, Funk (1929) concluded that
decomposition products activate the division of underlying cells. He thus
supported HABERLANDT'S (1923) theory on wound hormones. In common with
Fiepor (1891), FuNk considered the occurrence of flattened cells in the new
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tissues of the contact zone to be a result of bilateral pressure, and, like OEMANN,
he distinguished two stages in the development of the union, a primary and a
secondary stage, the first one relating to the initial union of the wound sur-
faces, and the second to the union of vascular tissues.

SivoN (1930) was able to obtain union between Solanum melongena and
Iresine Lindeni in spite of their distant relationship. The union was not con-
tinuous, but an insulating cellulose layer permitting a certain exchange of
water was formed between the components. This layer was broken in places
where increment was particularly rapid, i.e. in the cambium and phloem re-
gions. No absorption of the contact layer occurred, such as is noticeable with
closely related graft components. At the points of breach it was observed how
the vascular connections between the components developed. Simon said con-
cerning this process (p. 150) that union is only established with bundles which
are able to produce new vascular elements, and that vascular strands may even
extend towards meristem in which new vascular elements have not yet been
differentiated. The author further writes concerning the process that the estab-
lishment of wvascular union may start without any preceding junction of
parenchyma tissues. This statement was meant to disprove the earlier assump-
tion that a union between living tissue is a prerequisite for the communication
of stimulus from cell to cell through plasma connections. In an earlier publica-
tion (1908, p. 302) Simon has assumed the upward conduction of water to be
the factor releasing the vascular differentiation. He now concludes that the
direction of differentiation is regulated by some sort of a growth hormone
which is emitted from active meristems only.

The comprehensive work published by KrexkE (1933) was {irst presented in
Russia in 1928. After a careful re-editing by the author, it was subsequently
published in German. KrReENKE discussed critically the work of previous re-
searchers and presented detailed investigations of grafts in the family Solanaceae
and in monocotyledons, especially Tradescantia. KRENKE rejected the term
callus used in association with graft unions (cf. chapter V:C).

KRrENKE observed an enlargement of old cells to be the first wound reaction.
He assumed this to be due to an easing of the pressure from adjacent tissues.
Divisions and increment are then noticeable in several layers of cells beneath
the wound surface. Referring (p. 355) to similar observations made by e.g.
JicER (1928), he showed that cells far advanced in differentiation into wood
elements may undergo divisions. This reference, however, appears to have been
erroneous. Instead, JAgER found after certain investigations that the cells
considered by many previous researchers to be ‘‘delignified” were actually
cells developed from the cambium, but not yet lignified. KrenkE further stated
that the callus formation is more intensive in the neighbourhood of vascular
bundles than in purely parenchymatous tissue. Closeness to vascular tissue
in one component may also initiate division in purely parenchymatous tissue
in the other component. KRENKE was of the opinion that all Iiving tissues are
able to participate in the formation of callus, but that the tissues may react
very differently, their age being of great significance. Contrary to IFUNK, he
did not interpret the flattening of cells in the regeneration tissue as a result of
bilateral pressure. The form was instead supposed to be caused by a certain
position of the cell nuclei at the time of the divisions. The breach in the contact
layer has usually been initiated by tissue originating from a wvascular bundle.
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KreENKE was of the opinion that the breach may occur purely mechanically, or
by resorption of the contact layer, these processes being parallel.

The union of xylem elements was considercd by KrRENKE to occur in two
different ways: 1) A cambium is formed in the intermediate tissue in connection
with the cambial tissues in stock and scion. This new cambium develops Xylem
and phloem elements in the regular way. 2) Oblique cells develop by cross-
connections (anastomoses) a network between the vascular bundles in both
components. Both types of unions may occur simultaneously in the same ob-
ject. Also growth processes in the phloem were described in detail. The author
dwelt at length on the influence of various stimuli on the cell division activity
and on differentiation. He also penetrated the problem of polarity in the tissues,
a subject which has also been dealt with by i.a. MAuLE (1896), RotuEr (1924),
Kaan ALBEST (1934), JosT (1942), Brocu (1952), Jacoss (1952), Sax (1954 b),
and Sax & Dicksox (1956).

The investigations of Nicoliana gratts by CrarTs (1934) indicated that callus
could be formed from parenchymatous cells in all parts of the stem: pith, phloem
xylem, cortex, and cambium. The regenerative stimulant appeared to originate
from the ends of the voung, drowing vascular elements, and new tissue of a
similar kind was differentiated only in contact with these elements. Both the
phloem and the xylem cells were short at the beginning of the process, as were
also the surrounding isodiametrical cells. No slime bodies typical of secondary
phloem were noticeable in the short, newly formed sieve tubes. Simultaneously
with the differentiation of uniting phloem and xylem elements, divisions of
intermediary callus tissue produced a cambium, the direction of which was
determined by that of the surrounding phloem and xylem. The union zone of
many grafts was characterized by root initials surrounded by parenchymatous
cells containing large amounts of starch.

Sass (1932) studied the process of union in ‘‘piece-root tongue grafts’ in
apple. Instructive photographs exemplified his observations. The grafting was
carried out in winter with dormant material. Dormancy was soon broken, and
after two days in a temperature of +18° C, the first signs of activity were ob-
served in the bark tissue (the author used the term bark for all tissue outside a
more or less distinct wood cylinder). Sass stated that all callus is produced by
tissues external to the wood cylinder, and that the cambium plays a minor
role in this context. All living parts of the bark, except the periderm, are able
to proliferate. It is only exceptionally that the space between the scion and
the stock is completely filled with parenchymatous tissue during the first year.
No proliferation from xylem rays were detected, nor from any other xylem
elements or from the pith. All the “filler callus” between the components
originated from the bark. Sass wrote regarding the union of cambia (p. 369):
“Along the cut edges of the old cambium, the adjacent callus cells undergo
several divisions radially, producing several layers of narrow, tangentially
elongated cambium-like cells. This activity extends tangentially to callus
cells farther away from the respective cambia of the stock and scion. The
callus between the members is finally bridged by a distinct, cambium-like layer
of deeply staining cells with large nuclei . . . In view of the structure and sub-
sequent activity of these cells, they constitute a true cambial region”’. At best
the cambial union was complete after three weeks, but the time required for
complete union varied widely.
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SHARPLES & GUNNERY (1933) studied cleft grafts of Hibiscus and Hevea and
made observations similar to those made by Sass earlier, with the difference,
however, that callus was observed to develop from rays in both the phloem
and the xylem. Callus also developed from the pith, but only to a minor extent.
The main portion of the callus tissue originated from the phloem part of rays.
The stock and the scion produced equal amounts of callus. No sign of cambial
activity was observed until the callus tissue was complete.

The investigation of Nothopanax grafts by Juriaxo (1941) largely confirmed
the results obtained by SmaRPLEs & GuUXNNERY, with the single exception,
however, that a considerable callus formation occurred from the very big pith of
Nothopanax, particularly in the areas contiguous to the xylem. In old indi-
viduals, however, no proliferation occurred in the pith.

SwINGLE (1940, 1952) presented two summarizing articles on regeneration
and vegetative propagation in various species, in which attention was also paid
to grafting. Brocwr (1941, 1952) presented summaries of literature pertaining
to wound healing which also included grafting. In his first article Brocu
stressed several times that the cell divisions are always parallel to the wound
surface: ‘‘Cell division is always parallel to the surface of the wound or internal
centres of necrosis in the early phase of wound tissue activity. It was shown that
the polarizing influence from the wound is exerted upon the cell as a whole, and
that the plane of division becomes visible by the configuration of the cytoplasm
before it becomes evident in the mitotic figure.”” This matter is also discussed
in the second article, where it is stated that other directions of division may
occur, particularly in the late stages of wound tissue formation, and in special
situations. The possibility of dedifferentiation of cells already differentiated,
which has also been mentioned by e.g. KRENKE, is discussed in detail and then
summarized as follows: ‘‘Contemporary research has shown that dedifferen-
tiation may be induced in most mature, living cells by wounding. Even spe-
cialized cells, such as thick-walled lignified elements, may in this process be-
come delignified and thin-walled.” The problem has been discussed further in
the second article. Referring to a comprehensive investigation by Buvar,
Broch stated that every cell of an angiosperm plant should, if not degenerated,
possess the power of dedifferentiating more or less completely under special
conditions. Investigations carried out by Brocu have shown cells of an idio-
blastic character that do not dedifferentiate completely in wound tissues. Cells
of this kind containing fats and tannin occur in Ricinus communis. When the
plant is wounded, these cells may divide and transmit their contents to the
daughter cells. BLocH further referred to investigations which showed that the
bridges of vascular elements that are formed in wound tissue run in a polar
direction from the upper to the lower side of the wound. The tendency of
parenchymatous tissues to develop a more or less tracheid-like character has
frequently appeared in the material under investigation by the author.

The investigations carried out by Camus (1949) concerning the influence of
the bud on dedifferentiation and differentiation was also mentioned by BrocH.
Camus grafted buds of Cichorium infybus on isolated pieces of rootscontaining
only old parenchymatous tissues, which were dedifferentiated and redifferen-
tiated to vascular elements under the influence of the bud. This stimulating
effect could be obtained also in cases when the bud was separated from the old
tissues by a semipermeable membrane of cellophane. A complete union con-
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sequently seemed unnecessary for a transfer of stimulance between the mem-
bers.

RonerTs (1949) presented in a comprehensive report a large number of
works mainly concerning physiological occurrences in conjunction with grafting.
Many problems in this field still remained unexplored. RoOGERS & BEAKBANE
(1957) referred to a large number of studies which mainly concerned the mutual
influence between stock and scion in fruit trees. An investigation by Brix
(1952) has clearly shown that hereditary qualities are never influenced by
grafting. Other investigations on heteroplastic graft combinations and the
influence exercised by the two graft components have been published by i.a.
MerGeN (1954 ¢), HoLst & SanNTOoN (1959), PrrcHEr (1960), ScHONBACH
(1960), Evans ef al. (1961), and AHLGREN (1962).

The investigations by ArTscHwAGER (1951) of unions between Parthenium
argentatum and Helianthus annuus were carried out on the basis of the work
by KreENKE mentioned above, and it was largely of a confirmative nature.
ArTscHWAGER first observed transfusion windows contiguous to wvascular
bundles, and through these initial parenchyma unions xylem elements were
differentiated in the direction of the nearest vascular bundle. New phloem
elements occurred close to the xylem elements, but the differentiation was
slower. To begin with only narrow, elongated parenchyma cells were formed.

The healing process after bud grafting of roses was described by Buck (1953).
He found callus formation from rays on both the xylem and the phloem sides
and from incompletely differentiated phloem and xylem elements. The cambi-
um, however, did not participate in this process. The major portion of the
cambial cells as well as the new elements last formed were destroyed in both
the stock and the bud eye in the grafting. Buck was unable to detect any intact
cambium either on the bark flaps or on the wood surfaces immediately after
the operation. The major portion of the callus tissue developed from the stock.
The union of callus tissues from both sides was observed after five days and
cambial union after 10—14 days. Concerning the differentiation of the cam-
bium through the callus tissue, he refers to Sass’s paper on the subject.

A study of the potentialities of various tissues to proliferate was made by
BArRkER (1954). It concerned basswood. He stated that parenchyma in the
wood is able to develop callus only if there is a large amount of parenchymat-
ous cells in the vicinity, e.g. in so called pith-flecks in the xylem caused by
some previous damage to the cambium. The boundaries between the annual
rings often contained more parenchymatous tissue than the rest of the wood.
Consequently callus was often produced from them. Proliferation from the
xylem rays occurred only if they were connected with active elements else-
where. Normal wound healing of debarked material would take place by re-
peated divisions of recent cambial derivatives. The major portion of the callus
tissue appeared to originate from the rays, but this was assumed to depend on
their advantageous position in regard to nutrient supply and conduction.
BarxeR was of the opinion that wound healing, at least in basswood, is a
function of the cambial zone. The statement made by several scientists that
the rays should be the most active parts in wound healing he considered to
be erroneous according to his own findings that they are unable to develop
callus except under special conditions. LARUE (1936) investigated the capacity
of proliferation from wvarious parts of the stem in a great many species.
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There were wide differences, but the cambial zone was active in all the
species containing a cambium.

To my knowledge SEvVErova (1958, 2nd edition, 1st edition in 1951) was
the tirst to make any anatomical investigations into grafts of coniferous
species. Her investigation was based on the Russian edition of KRENKE’s
work. SEVERova suggested the following active elements: cambium, ray cells,
and pith parenchyma. The formation of callus from both components was
rapid, and the space between the components was filled completely. Referring
to KrRENKE, she stated that the cell division intensity was highest where
vascular tissues from both sides meet, at which points the contact layers are
also first penetrated. This is shown in a rather sketchy illustration by an arrow
indicating the point of contact between phloem elements of the grait compo-
nents. When the grafting had been well performed, it took about three weeks
for the cambia to unite.

MERGEN (1954 a) investigated unions in grafts of Pinus elliottii. The grafts
were veneer side grafts with very young material, both the stock and the
scion being about ten months old. When the first graft was investigated one
week after the operation, the callus development was already pronounced, and
transfusion windows had been formed between the components. ‘‘Parenchy-
matous cells from the medullary rays, phloem rays and the cortex were parti-
cularly active in bridging the contact layer and in forming direct connections
between stock and scion tissues’” (p. 240). Some activity was also observed in
the cambium. The space between the components was mostly filled with callus
originating from ‘‘medullary rays’”’, and after three weeks the major part of the
space had been filled. Simultaneously the cambia were also united in the lower
part of the graft where the flap from the stock covered the wedge-shaped part
of the scion. Callus was produced by both components, most of it by the stock.
Exposed pith, too, participated vigorously in the callus formation. Five weeks
later the union was almost complete. After six weeks the contact layer had been
entirely eliminated, continuous cambial union was established, and phloem,
cortex and periderm from both sides formed continuous layers.

Comprehensive investigations of unions in various types of grafts in poplar
have been carried out by Braux (1958, 1959, and 1960 a). The age of the graft
material varied between one and four years. The first part of the investigation
concerned side slit grafts. The slit was made tangentially in the stock, and so
deep that some wood adhered to the bark flap.

Only the stock participates in the first callus formation, and the early-wood,
cambium, and young parts of the rind are particularly active. The parenchyma
cells in the old parts of the rind start to divide somewhat later. The interme-
diary tissue is consistently growing faster on the wood side than on the bark
flap side. After 14 days the intermediary tissue starts to divide according to a
definite pattern. On account of the vigorous proliferation on the wood side,
the scion is pressed outwards to the bark flap. BRAUN stressed the importance
of the flap for a successful union. A locally faster growth in the flap approxi-
mately at the level of the scion cambium achieves a breakage of the contact
layer. Stretching, bursting, and resorption are involved in this process. When
the development has reached this stage, the first sign of activity is noticeable
in the scion. The cambia are united by growth advancing from both sides to-
wards the midsection. ““Der vom Kambium ausgehende Reiz iibertridgt sich auf
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angrenzende Parenchymzellen und veranlasst sie den Character von Kam-
biumzellen anzunehmen (homoiogenetische Induktion). Die vor dem Kam-
biumenden liegenden Parenchymzellen erfahren eine Riickdifferentierung, sie
unterteilen sich zunéchst ... mehrmals, die Teilungsprodukte sind wieder
plasmareicher und besitzen erneut die flir meristematische Zellen typischen
grisseren Zellkerne.” (Cf. Sass, the quotation on p. 11 above, not referred
to by Braun). Phellogens on both sides united in a similar way, but usually
the vascular cambia had already united. Complete unions have been formed in
45 to 65 days. The middle stage in the establishment of the union appeared to
be the most critical, i.e. when the buds of the scion began to burst before
vascular connections were established.

The second part of the Braux investigation concerned veneer side grafts
and splice grafts. In these grafts intermediary tissue is formed solely from the
inner layers of the rind, the cambium, and the early wood of the stock. The
space between the stock and the scion is soon filled entirely by this tissue. Asin
the case of the side slit grafts, the scion in a veneer side graft is passive until the
contact layer has been broken—except for some activity in the outer parts of
its pith, where a meristematic zone is often formed. This zone occasionally
affects the advancing cambium of the stock. Union between parenchyma
tissues was observed after 25 to 50 days, whereas complete cambial union was
not achieved in the veneer side grafts until after 45 to 90 days.

The last part of the investigation (1960 a) concerned four other types of
grafts, but nothing essentially new was reported. BrRatn divided the process of
union into three stages:

a) the establishment of primary contact
b) the increasing pressure between the graft components
¢) the formation of normal tissue connections (union formation)

In one paper (1960 b) Braux has summarized his findings from these inves-
tigations. BrauN has also presented papers on the water conditions in the
scion and the stock (1961, 1962 a), and on the most advantageous time for
grafting (1962 b).

Lauxay (1961) presented an anatomical investigation of graft unions in
Pinus pinaster. The tissues active in union formation were cambium, rays, pith,
and resin ducts.

In a previous paper I have summarized the experiences obtained during
the examination I am now about to present which are of importance in the
practical work of grafting (DorvLiNG 1962).

Finally, a number of investigations concerning grafting methods and the
practical side of grafting will be mentioned. GARNER’S monograph on grafting
(1959) contained descriptions of a large number of grafting methods. Grafting
methods for conifers are dealt with in the works published by Mirov (1940),
SvracH LARSEN & Macius (1944), KiErLANDER (1946), STEFaANssoN (1952),
ANDERSSON & JaNssoN (1952), ScHRSck, Kootz & HOFFMANN (1954), MERGEN
& Rossor (1954), MercEN (1954 ¢, 1955), Zar (1935), HorrFMaN (1957),
RYABCHINSKAYA (1957), Fowrer (1959), OrRr-Ewing & PrIDEAUX (19539),
LESKINEN (1960), ProraziN (1960), Gatay (1961), GUINAUDEAU (1961),
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Nikres (1961), and Wess (1961). Grafting with semisucculent material in the
summer has been proved successful by i.a. MERGEN (1954 b) and LESKINEN
(1960). FiscHer & KoBERT (1960) have conducted promising investigations
into a method of obtaining grafts of spruce on clonal stocks by grafting on
pieces of root. The importance of stock activity for autumn grafting of spruce
has been investigated by NIENSTAEDT (1959). NAESS-SCHMIDT & SOEGAARD
(1960) studied the influence of the height of the grafting point on the deve-
lopment of the scion.



III. Material and methods

The material used in the investigations has been treated according to
the methods most commonly used in the grafting of conifers in green-
houses. The grafts have also been treated uniformly. The main part
of the material investigated has been grafted specially for the purpose
of this investigation, but other material, particularly old pine grafts
(2—3 years) and spruce grafts which have displayed certain growth
deficiencies, have also been used.

The main series was grafted in 1958 and 1959 in the spring. Although
Scots pine and Norway spruce were grafted both years, the spruce
series of the first year failed and was therefore excluded. Only one
method of grafting was used in the first year, viz.: Veneer side grafting
with an upward cut in the stock flap, as shown in Figs. 1—2 and 6—7.
In the second year the pine grafts were performed according to the same
method as in the preceding year, whereas the spruce was grafted
with a downward cut in the flap, as shown in Figs. 3—5. In addition
to the veneer graftings carried out in the second year, a series of side
slit graftings were done on pine according to the method shown in
FFigs. 9—11, as well as on a few specimens of spruce. In 1960 a few
series of side slit graftings with a tangential incision in the stock were
carried out (mainly for other purposes) on both pine and spruce (Figs.
12——14). A limited number of these grafts have been investigated as a
supplement to the previous series. A further description of how the grafts
were executed in the different cases is given in the text under the illustra-
tions.

In 1958 a series of Scots pine was grafted on March 25th and con-
sisted of 50 grafts. The stock material originated from Vimmerby
(south-eastern Sweden). All the scion-wood was collected from the
same tree, Roskédr 2 (approximately 70 years old) at Bogesund north-
east of Stockholm.

In 1959, on March 31st, 75 veneer side grafts of Scots pine were
carried out. The stock material originated from northern Sweden, and
the scions were collected from two 70-year-old trees at Bogesund, Ro-
skir 8 and 4, which were grafted on 25 and 50 stocks respectively. On
April 1st, 20 side slit graftings were carried out with the same kind of
scions, but with thicker stocks, also from northern Sweden.

Norway spruce was grafted on two occasions in 1959. The first
graftings were carried out on March 9th, and comprised 50 plants, The
stocks originated from Fiskeby (south-eastern Sweden) and the scion-
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Figs. 1—8. Veener side grafting. 1. The cut scion. 2. The stock is cut to fit the scion.

3. Shaping the flap with a downward cut. 4. Appearance of flap after cutting
according to 3. 5. Scion and stock matched. 6. Shaping the flap with an up-
ward cut. 7. Appearance of flap after cutting according to 6. 8. Norway spruce
graft, six weeks old.

Ldggympning. 1. Tillskuren ympkvist. 2. Snittet i underlaget anpassas till ympkvisten.
3. Tillskdarning av fliken med nedatriktat snitt. 4. Flikens utseende efter tillskarning
enl. 3. 5. Ympkvist och underlag passas samman. 6. Tillskérning av fliken med uppat-
riktat snitt. 7. Flikens utseende efter tillskarning enl. 6. 8. Granymp, sex veckor
gammal.

Figs. 9—14. Side slit grafting. 9. The cut scion. 10. Radial incision into the stock. 11. Scion

being inserted under the bark flap. 12—13. Tangential incision into the stock.
14. Scion being inserted under the bark flap after a tangential incision into
the stock. Cf. appearance of incisions in 11 and 14.

Sidsticksympning. 9. Tillskuren ympkvist. 10. Radiart insnitt i underlaget. 11, Ymp-
kvisten passas in under barkfliken. 12—13. Tangentielit insnitt i underlaget. 14.
Ympkvisten passas in under barkfliken efter tangentiellt insnitt i underlaget. Jfr
insnittens utseende i 11 och 14!
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wood was collected from a 70-year-old spruce at Bogesund. The unions
being rather unsatisfactory, a new series of 25 grafts was made on April
7th. Whereas the stock material was from the same provenance, the
scion-wood was collected from a fast-growing 30-year-old spruce at
Bogesund.

In all cases the stocks were so advanced that the buds had begun
to burst, and in many cases 1—2 cm long shoots had developed. The
stocks of the veneer side grafts were designated as 2/1/1, which means
that they had been growing for two vears in a seed bed, one year as
transplants, and one year in pots. The potting was done at the turn of
the months of May and June in the vear prior to grafting. In January
the pots were moved into a greenhouse where the temperature was kept
at approximately -+ 5° C to begin with, and then gradually raised so that
it was approximately + 18° Cin the day-time and + 10° C at night shortly
before grafting. The scion-wood was collected immediately before
grafting and showed no signs of bursting buds.

The grafts were tied with raffia or plastic tape, and sealed with
grafting wax. They were placed in a closed case. One week after grafting
air was admitted which was then gradually increased. Six to seven weeks
after grafting the glass was removed. The grafts remaining in mid-June
were moved to a bed out of doors, where they were planted without pots.
At the same time the stocks were cut back to half, and subsequently
trimmed accordingly as the individual scion developed. If the scion
developed vigorous shoots during the first year, the stock above the
junction was cut back entirely in the first summer. Most of the stocks,
however, were not trimmed until the second summer, and this applies
in particular to spruce.

To begin with samples from the 1958 grafts were taken every weelk,
commencing one week after grafting, and continuing for a period of
five weeks. After that three samples were taken at intervals of 14 days,
and during the rest of the season one sample a month. Three specimens
were taken each time.

The Scots pine veneer graflings of 1959 were mainly carried out for
the purpose of obtaining an increased knowledge of the growth process
during the first period after grafting. Two samples from this series were
therefore taken every day during the first 14 days, and then two samples
every other day for a further period of 14 days.

The side slit grafts were sampled by selecting one specimen every
other day seven times, then one sample every third day three times,
and finally one every fifth day six times.

The first spruce series of 1959 was sampled in the same way as the
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pine veneer grafts of the same vear. One specimen instead of two was
taken from the second series, but the intervals of sampling were the
same. Also old grafts were examined in all series where surviving
grafts were available.

The pieces of stem affected by the graft cuts were divided into seg-
ments (ca. 5 mm long) for fixation. Being of no importance for the study
of the union, parts of the stem on both sides of the junction were re-
moved. The segments were fixed in CRAF according to the following
formula.

A. chromic acid 0.8 9 B. formalin (40 %) 20 9%
acetic acid 6 % distilled water 80 9%
distilled water 93.2 9,

Both the solutions A and B were prepared separately and mixed in
the proportion of 1: 1 immediately before fixation. This fluid appeared
to be better for tender tissues, e.q. cambium, than the formalin—acetic
acid—alcohol solution (FAA) mostly used for examinations of this
kind. The fixing fluid was renewed after 24 hours, and the material
was left in the solution for at least 48 hrs. )

Dehydration was carried out by the ethyl alcohol—tertiary butyl
alcohol method after the fixing fluid had been carefully rinsed out with
ordinary water. The segments were finally embedded in paraffin with
a high melting point (70°—72° C). The material generally appeared to
be too hard for immediate sectioning. The blocks were therefore sub-
merged in water for about one month after the paraffin had been
removed so as to expose the lower part of the graft segment. This
treatment made the pine grafts easy 1o cut with an ordinary rotary
microtome. The spruce stems, however, were still too hard for see-
tioning. Several methods were tried to make them soft. The simplest
and most effective method appeared to be to freat them with a preserva-
tive composed of equal parts of glycerin, ethyl alcohol and distilled
water (Kisser 1926). After the fixing fluid had been washed out, the
segments were gradually brought up to 50 9%, alcohol before they were
transferred to the preservative. They were left in the preservative for
at least 14 days before dehydration was continued. After the paratfin
blocks had been submerged in distilled water as described above, it
was possible to section also the spruce grafts satisfactorily. The cross-
sections were always cut in series, starting from below, whereas the
longitudinal sections were made perpendicular to the graft cuts. Both
kinds of sections were usually 15 thick. They were stained with
safranin—fast green on slides and mounted in Canada balsam.



IV. The anatomy of young stems of Scots pine and
- Norway spruce

A brief description will be given here of the anatomy of young stems
of Scots pine and Norway spruce. Special attention will be paid to
dissimilarities between the species and to details which have proved
important for the union of graft components.

Figs. 1617 show drawings of the lower part of a veneer side graft
in horizontal, semi-tangential and radial sections. Plate I: 1—2 consists of
photographs of cross-sections from one-year-old branches of pine and
spruce, and Plates I: 3—8 and II: 1—5 show details of special interest
in the stems.

In the following description each part of the stem will be treated
separately, beginning from the centre: pith, xylem, cambium, phloem,
cortex, and periderm.

a) Pith (medulla)

The pine pith is composed of parenchyma cells of the same kind as
found in the cortex, except for the resin ducts. Plate I: 3—4 shows
longitudinal sections through pith and cortex from the same scion of
pine. Both are visible in cross-section in Plate I: 1. Some of the pith
cells contain tannin and some even chloroplasts. Virtually all pith cells
have living contents and they are able to divide again if the adjacent cells
become damaged. The cells filling the leaf and branch gaps are of the
same character.

The first difference observed between pine and spruce with regard
to the pith was that in spruce, a considerable part of the young branch
volume is composed of pith. In one-year-old branches the wood merely
consists of a thin cylinder around the large pith. The pith of spruce
furthermore has an entirely different and more complex structure. This
is shown both in the cross-section in Plate I: 2 and in the longitudinal
section in Plate I: 6. Two main types of cells are distinguishable: firstly
large cells, mostly extended in the direction of the stem, and with thin
walls containing cellulose, and secondly short cells with more or less
heavily thickened, lignified walls. The latter category of cells occurs
in groups, which on one side border on the periphery of the pith. The
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cells are large and numerous at the periphery, but decrease in size and
number towards the centre. The walls of the innermost, smallest cells
are also heavily thickened. The cell groups are arranged step-wise in
the pith. Only a few of the large, thin-walled cells contain living con-
tents. Many of the cells that are still alive contain chloroplasts and tannin;
the dark cells in Plate I: 6 are of that type. It is remarkable that many
of the thick-walled cells also have living contents. All around the
periphery of the pith there is a perimedullary zone—a sheath of 2—4
rows of vertically elongated cells which are similar to the lignified pith
cells in all respects except for the elongated shape. They have ac-
cordingly only small simple pits. At least some of them have living con-
tents. In Plate XIV: 8 the perimedullary sheath is clearly visible in a
cross-section, and Plate I: 7 shows a detail of the sheath in a longitud-
inal section. The same type of parenchyma cells also fills the leaf gaps.

b) Xylem (svood)

The woody elements of conifers are entirely composed of tracheids
characterized by their bordered pit-pairs. Parenchyma tissues in the
wood of pine and spruce occur only in the rays and in conjunction with
the resin ducts.

The common rays are uniseriate in both genera (only one cell wide
in cross-section) and they contain both parenchyma cells and ray
tracheids, the latter usually occurring along the margins of the rays.
Mostly, they are absent in the first annual rings. The parenchyma cells
are thin-walled in pine. The pit-pairs formed between axial tracheids and
the ray parenchyma are large, and cover the major part of the cross-field.
Minor thickenings (never lignified) occasionally occur in the walls of the
ray parenchyma, but they cover only a small part of the whole wall sur-
face. Cells in contact with vertical resin ducts never have thickenings of
this kind. In spruce, however, the parenchyma cell walls of the rays are
heavily thickened and equipped with a rather large number of small
pits such as seen in the cross-field. When completely differentiated, they
are rather similar to the cells in the perimedullary sheath, only they are
more narrow and extended radially in the stem instead of longitudinally.

Rays in radial section are shown in Plate I: 5 (pine) and Plate I: 8
(spruce), and in tangential section in Plate II: 1 (pine) and Plate II: 2
(spruce). Both the tangential sections show rays containing resin ducts
in addition to the usual uniseriate ones. According to their form in tangen-
tial section, the rays containing resin duects are often called “‘fusiform
rays”’, but from their appearance in cross-section they are usually
known as ‘“‘multiseriate rays’’, vide Plate II: 4 (pine) and II: 5 (spruce).
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The wood of pine and spruce contains both vertical and horizontal
(radial) resin ducts, the latter enclosed in rays. Together they form
an anastomosing system. Plate II: 3 shows a radial section of pine with
a vertical duct intersected by a radial one. The cavity in the duects is
surrounded by epithelial cells, all of which are alive and thin-walled
in pine, whereas in spruce the walls lignify fairly soon, except for a
few solitary rows of cells. In pine the vertical ducts are associated with
strands of thin-walled parenchyma cells. This is not the case in spruce.
The number of the ducts may differ between various individuals of
the same species, but pine wood generally contains more vertical and
horizontal ducts than spruce wood. In one-year-old branches of spruce
no ducts at all have been observed, whereas young branches of pine
exhibit a large number, cf. the cross-sections in Plate I: 1—2. CHATTAWAY
(1951) has previously made similar observations. More detailed de-
scriptions of the wood anatomy in these and other conifers have been
presented by GREGUss (1955).

¢) Cambium

The initial layer of the cambium is partly composed of vertically
extended cells producing tracheids and sieve cells (the fusiform initials),
and partly of short cells producing the rays (the ray initials). The cells
produced on both sides of the initial layer divide a further number of
times; they are spoken of as xylem and phloem mother cells respectively.
In the cambium, new rays are initiated by reduction of solitary, short
fusiform initials to ray initial cells (BANNaN & BavLy 1956). The vertical
resin ducts are developed from xylem mother cells which do not
differentiate into tracheids in the ordinary way, but divide to shorter
elements while retaining their parenchymatous character. In speaking
of cambium or cambial region in the following, this means, unless
otherwise defined, the entire division active layer. The organization of
the cambium is similar in pine and spruce, except that the multiseriate
rays are less numerous in the latter species, and entirely lacking in one-
year-old branches. The cambia of the gymnosperms are described in
greater detail by, among others, Bannvanx & Bayry (1956) and BaiLey
(1954).

d) Phloem

The phloem of gymnosperms consists of sieve cells, phloem paren-
chyma and rays containing parenchyma cells and albuminous cells, the
latter corresponding to ray tracheids in the xylem, and in structure



ANATOMY OF GRAFT UNIONS 25

similar to sieve cells. Functionally, they are considered similar to the
companion cells in angiosperms (vide Esav 1960). Phloem parenchyma
develops in vertical strands from phloem mother cells. A particularly
large number of such cells are developed during a certain period of each
growing-season. In cross-sections they are therefore often seen as »bands»
inthe phloem, videe.g. the stock in Plate II: 4. Uni- and multiseriate rays
occur in the phloem as well as in the xvlem. The multiseriate rays con-
tain a resin ductwhich ends in the phloem as a bladder-like structure, the
resin cyst. This eyst is gradually enlarged by the epithelial cells and the
cells in the surrounding layers dividing and extruding the external tissues.
The resin cysts first established may extend farinto the cortex (¢f. THOMSON
& Strrox 1925). In somewhat older stems the horizontal resin ducts are
often enlarged into series of cysts. Multiseriate rays with terminal resin
cysts are shown in cross-sections in Plate II: 4 (pine) and Plate 1I: 5
(spruce), in radial section in Plate 1I: 3 (pine).

In one-year-old branches of spruce there are no multiseriate rays,
nor are there any resin cysts. Multiseriate rays occur in pine, however,
but the resin cysts are small and often comprise only a small number of
parenchyma cells at the end of the rays that have not yet separated. The
stocks of both species exhibit resin cysts, but these are more numerous
in pine.

The sieve and albuminous cells are generally functional for one
growing-season only. The farther out in the stem they are pushed by
cambial growth, the more they are compressed and deformed. The
phloem parenchyma and the ray parenchyma extend simultaneously.
The phloem of gymnosperms has been studied in detail by ABBE &
Crarts (1939). Further reference can also be made to Bagpa (1956),
CsaNG (1954), and HoLbHEIDE (1951).

e) Cortex with intercepting leaf traces

The ground tissue of the cortex is largely the same in the two species.
Some cells, particularly in the scions, contain chlorophyll, others
tannin.

Vertical resin ducts are evenly distributed in a ring in the cortex, cf.
Plate I: 1—2. The ducts on both sides of the leaf and branch traces
branch out and follow the traces, whereas the main duct continue
further into the cortex. There are no connections between the vertical
ducts of the cortex and the radial ducts of the phloem (cf. THOMSON &
Strron 1925).
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a.

a and b. Leaf traces in Scots pine and Norway spruce respectively. Radial
sections from one-year-old shoots. (Outlined in principle.) Key to signs on
page 135.

Bladspar hos tall resp. gran. Radidra snitt fran ettarsskott. Schematiserat. Tecken-

forklaring pé sid. 135

In spruce, sclerenchyma cells sometimes occur in the cortex, and then
always in connection with leaf traces.

With regard to the occurrence and appearance of leaf traces, the dis-
similarities between spruce and pine are considerable. So far as the
latter is concerned, however, the term ‘“‘leaf trace” is not quite correct.
The trace passes to a dwarf branch (short shoot) carrying two leaves
(needles). It would perhaps be more correct to call them ““dwarf branch
traces” in pine, but I prefer to use the less awkward term “‘leaf trace”,
which should hardly give rise to any misunderstanding. (Sometimes,
however, remnants of the true leaf traces of the bracts are also visible
in the sections, see the small trace outside that marked »l.tr» in Plate
I:1.)

The leaf traces are more numerous in spruce than in pine, but the
volume of each leaf trace is larger in the latter species. Since the leaf
trace in pine forms a wide angle with the stele it will soonleavethe cortex.
The angle of the leaf trace in spruce, however, is very acute, and
remains longer, first in the phloem of the branch, then in its cortex.
Cf. drawings in Fig. 15. In both spruce and pine the thickness of the
cortex of voung and needle-covered branches is highly variable, because
the leaf traces move the cortex tissues outwards. On the outside of the
branches this looks to the naked eye like ridges running parallel to the
axis of the stem below each needle or pair of needles. In a cross-
section it has the appearance of folds. The folds directed outwards
in spruce are narrower, and above all, they contain a smaller amount
of living tissues than those in pine (cf. both cross-sections).
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f) Periderm

Both pine and spruce already develop phellogen (cork cambium) in
the shoots during the first summer. In pine it is produced from the sub-
epidermal layer. The cells of the phellogen are square, slightly ex-
tended tangentially in the cross-section, and square or slightly oblong
in the radial longitudinal section. They are filled with plasma, and
contain a relatively large nucleus. IExternally the phellogen produces
three or four rows of thin-walled cells—the phellem. The walls of these cells
soon suberize and they loose their living content. Inwardly the phellogen
produces some rows of cells of essentially the same character as the
cortex cells—the phelloderm. The periderm thus developed in the first
yvear retains its protective function for six or seven years, sometimes
even longer (cf. Baepa 1956). Later on new phellogens are developed
in the inside layers by divisions first in the cortex, and then also in the
parenchyma of the non-functional phloem. They are restricted and
scale-like, overlapping each other, and forming a typical scale bark.
The periderm of young spruce twigs differs from that of pine, in that the
part outside the phellogen is much heavier. In the ridges this layer is
composed of large, thin-walled cells, whereas the crevices between the
ridges contain rather small, thick-walled sclerenchyma cells. The peri-
derms later on formed in spruce are of the same type as in pine. The
first developed periderms of the two species will be seen in Plate I: 1--2.



V. Scots pine

A. General

In 1958 and 1959 the veneer side grafis produced very good results.
In 1958 the buds burst on all the grafts, which were left undisturbed for 3
or 4 weeks so as to permit observation of this phenomenon. In 1959 the
result was slightly inferior, three grafts being dead when the time came
for transplanting into beds. Eight grafts, all with scions from Réskar 3,
had not developed any shoots even by that time, but the needles of the
preceding year were a lush green. Seven of the grafts developed shoots
during the course of the summer, whereas on the eighth, although still
green, the terminal bud was dead, and there were no visible newly
formed buds even in the autumn.

The side slit grafts all healed, but they were generally weak.

Fig. 16 shows in principle how the lower part of a well-cut veneer
side graft appearsin a cross-section and a semi-tangential longitudinal sec-
tion immediately after grafting. Fig. 17 shows in a radial longitudinal
section the two methods of cutting the stock flap already presented in
Figs. 3—4 and 6—7 respectively. The higher up on the stem, the more
superficially are the components affected by the graft cuts. Both the
veneer side graft series were carried out according to the method
demonstrated in Figs. 6—7. Grafts, 1 and 2 years old, performed accord-
ing to the other method of fashioning the bark flap (Figs. 3—4) have
also been investigated, as well as 1 to 3-year-old grafts of the type used
in the series.

Fig. 18 shows drawings of side slit grafts in cross-section, a and b
corresponding to the graft methods shown in Figs. 10—11 and 12—14
respectively. The series comprising 20 grafts was carried out according
to the first method.
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Fig. 16 a and b. Cross section and semi-tangential section respectively from the lower part of
a veneer side graft (Scots pine). The dotted line marks where the two sections
touch each other. Key to signs on page 135.
A = part of the stock cut away before fixing.
Tvéarsnitt resp. semi-tangentiellt lingdsnitt fran nedre delen av laggymp (tall). Den
stfreciléa(}% 5linjen markerar var de bada sektionerna berér varandra. Teckenforklaring
I’x){d=s vid fi}ieringen bortskuren del av underlaget.
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Fig. 17 a and b. Radial sections from the lower part of veneer side grafts.
a. Stock flap cut upwards.
b. Stock flap cut downwards.
Key to signs on page 135.
A = part of the stock cut away before fixing.

Radiira langdsnitt frédn nederdelen av laggympar.
a. Underlagsfliken tillskuren med uppatriktat snitt.
b. Underlagsfliken tillskuren med nedatriktat snitt.
Teckenforklaring pa sid. 135.

A = vid fixeringen bortskuren del av underlaget.
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Fig. 18 a and b. Cross sections from side slit grafts.
a. Radial incision in the stock bark.
b. Tangential incision in the stock bark.

Key to signs on page 135.

A = part of the stock cut away before fixing.
Tvarsnitt av sidsticksympar.

a. Radiart insnitt i underlagets bark.

b. Tangentiellt insnitt i underlagets bark.

Teckenforklaring pa sid. 135.
A = vid fixeringen bortskuren del av underlaget.

B. The normal course of union

1. Insulating dead tissues on the cut surfaces of the scion and the stock

However well the components have been cut and tied, there is always
some space between them almost everywhere, and it is only in spots
that they are pressed close together. Comparatively large contact sur-
faces occur between the flap of the stock and the scion in veneer side
grafts. The wedge-shaped lower part of the scion forces the flap out-
wards. The flap and the short cut surface of the scion are consequently
pressed against each other. The bark flap of side slit grafts possesses
great flexibility. The binding will affect it so that it attaches closely fo the
surface of the scion.

The first reaction immediately visible to the naked eye while the
grafting is proceeding, is the extrusion of resin from the severed resin
duects. The resin parily fills the space between the scion and the stock.
No investigations have been made in this context into the part resin
plays for a successful grafting. However there is nothing to show that
the resin constitutes a barrier between the graft components. On the
contrary it may serve as a sealing—grafting may be carried out success-
fully without the sealing by grafting wax (KIELLANDER 1946, GARNER
1958, LEskiNEN 1960). The fixing fluid and alcohols used in the prep-
aration of the material have dissolved the resin almost entirely, and
thus removed it from the slides. This problem will be dealt with further
in the discussion.
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Fig. 19. 1 day. Cross section—camera lucida drawing. Enlarged ray cells outermost in
phloem of stock. Contact layer over the rest of the wound surface.

1 dag. Tvarsnitt. Teckning efter preparat. Forstorade straleceller ytterst i floemet hos
underlaget, Isoleringsskikt pa sarytan i ovrigt.

A continuous, more or less heavy layer of wounded and dead cells
soon forms on the cut surfaces of both the components. The thick-
ness of this contact layer depends on several circumstances. The first
day after grafting the contact layer is most noticeable in places where
cells or entire cell groups have been damaged by cutting. It is most
clearly distinguished in the cortex and phloem of the stock. In the
phloem, all the sieve cells adjacent to the cut surface, also those in the
functional phloem, will form part of the contact layer. Some of the
fine-structured cells of the cambial region are always damaged by the
graft cut. In side slit grafts some of the cambial cells in the stock be-
come damaged when the bark flap is loosened. from the wood, and some
are chrushed when the scion is inserted between the wood and the flap,
and when the graft is tied. If the grafting knife is sharp, and if, by fast
and accurate work, the cut surfaces have not been exposed to long
drying, it is often possible to find rays, the outer cells of which appear
to be fairly unaffected by the cutting. Sometimes the cells are already
noticeably enlarged one day after grafting. Fig. 19 shows a cross-
section with a ray in the stock which was cut at the periphery of the
phloem. Outside the ray (at the top in the illustration) a rather heavy
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contact layer is visible in the cortex, and on the inside there is a thick
layer of non-functional phloem.

In the outer parts of the cortex there is often a number of cells which
gradually suberize and wither. This layer definitely reaches its greatest
development in the stock, where it is also first visible. Plate V: 4 shows
an example of an eight-day-old graft. Suberization of old cells (i.e. cells
fully developed before the tissue was wounded) has been observed in the
cortex only. The fully developed wound periderm in the cortex con-
tains both old and recently formed suberized cells. This matter will be
discussed further in the chapter “‘Phellogen formation™.

Callus tissues, of whatever kind they may be, soon cover their own
surface with a thick or thin (depending on the position) cork layer
(periderm) if they do not reach immediate contact with other paren-
chyma tissues.

It is also possible to speak of primary and secondary contact layers.
The first category is entirely composed of cells present in the tissues
before the wounding. They include cells which have been damaged
directly or indirectly by the operation, and cells (in the phloem) which
are incapable of dividing. The secondary contact layer, however, is a
product of recently developed tissues formed only when so located
that they have no possibility of uniting immediately with other tissues.

Vertical resin ducts occur abundantly in the cortex. When the grafting
cut severs such a duct, a large number of the epithelial cells are
exposed without being touched by the knife, cf. scion in Fig. 19. There
is consequently no contact layer formed by damaged cells from the
outset. The same holds true for the resin cysts at the ends of the hori-
zontal resin ducts. The vertical resin ducts are generally more abundant
in the scions, whereas the resin cysts are more numerous in the stocks.

The pith is often exposed in the scion. Here severed cells and some
less active cells will compose a contact layer.

A continuous contact layer can never be formed in the xylem, at
least not in the sense indicated earlier. The tracheids are dead cells
after full differentiation. The living part of the wood is composed of
rays, resin ducts and strands of parenchyma cells around the resin
ducts. When damaged, they too will naturally develop a contact layer
on their surface in the same way as found in other parenchyma tissues.
The occurrence of tyloses (parenchyma cells expanding through the pits
of adjacent tracheids) in tracheids near the cut surfaces should perhaps
be discussed in this context. In some cases it has been observed that
old tracheids contain both cell plasma and nucleus, and at a closer
study, also a thin cellulose cell wall pressed up against the wall of the

3—313381
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tracheid. This must be interpreted as a formation of tyloses from the
rays, or from the parenchyma strands around the vertical resin duects.
This does not appear to be a common occurrence in pine grafts (cf.
Raarz 1892, Danier 1928). CHRYSLER (1908) has found tyloses in cones
of Scots pine after wounding, but never in the stems of the species.

When proliferation and cell division start, the growing cells will push
the dead tissues in front of them until the tissues from both the graft
components meet, when their contact layers will fuse. The existence
from the outset of a joint contact layer (naturally composed of parts
from both sides) is found in places where unlignified parts have been
placed very close together in the grafting, e.g. the bark flap and scion
pith in Plate X: 6. To attain a complete union the contact layers must
somehow be broken by pressure or by absorption. A contact layer of
dead cells is often broken by underlying proliferating cells which enter
the space between the graft components. There they may establish
connection with cells formed in the same way from the other component.
Growing cells from the one component may also affect the contact layer
of the other and break it.

The remnants of the contact layer in grafts already healed are there-
fore mostly scattered over a rather large area of a scction, and they
cannot provide any exact information as to where the union first
occurred, or which cells originate from the one or the other side. Fig. 20
is a drawing of a section of a 28-day-old graft, the same as shown in
Plate VI: 6. The remnants of contact layers have been marked specially.
In one to two weeks younger grafts in Plates V:12 and VI: 3—4 the
contact layers are easily discernible.

2. Cell enlargement

As mentioned in the preceding chapter, enlargement is the first visible
reaction of living cells. This enlargement is most conspicuous in the
epithelial cells of severed resin ducts, particularly in the vertical ducts
in the cortex of the scions. The stimulus to enlargement of the epithelial
cells extends over a sizeable part of the ducet above the place of wounding.
Plate 11I: 1 shows a wounded resin duct in the scion of a two-day-old
graft, where the cells in the interior edge of the duct are enlarged. Some
distance further up the duct is no longer cut, but enlarged epithelial
cells are still evident. Approximately 120 p from the section in Plate
III: 1, where the duct is entirely filled with cells, a fork has developed.
Both the main duct, now relatively far from the wound surface, and the
small branch duct are filled with cells even at a point about 40 sections,
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Fig. 20. 28 days. Cross section—camera lucida drawing. Good parenchyma union. Ex-
panding tissues from stock and scion have broken the contact layer. Remnants
(strongly marked in the drawing) pushed in different directions. Cf. Plate VI: 6,
a photo from the same section.

28 dagar. Tvarsnift. Teckning efter preparat. God parenkymatisk térening. Expande-
rande vivnader fran bada ympkomponenterna har brutit upp isoleringsskiktet., Resterna
(kraftigt markerade pa teckningen) foérskjutna i olika riktningar. Jfr fotot fran samma
snitt, pl. VI: 6.

i.e. 600 u, above the point where the duect was wounded. Plate III: 2
shows the 50th section from the point of wounding and here the cell
enlargement is most persistent on the side of the duct facing the wound
surface. This has also been observed in a large number of grafts. The
photograph in Plate I11: 3 is taken from a longitudinal section through
the lower part of a three-day-old graft. The section passes through
the centre of a vertical resin duct in the scion cortex. This resin duct
has been almost cross-cut in the grafting. The epithelial cells have
enlarged and closed the duct entirely.

Severed rays, too, may display cell enlargement at an early stage
(Fig. 19), both the uniseriate and multiseriate rays containing resin ducts
as well as the cyst-like terminals of the latter (Plate III: 6). Cell enlarge-
ment may occur also in other parts of the cortex besides the resin ducts.
The section shown in Plate V: 4 was obtained from an eight-day-old
graft where a ridge of the type occurring below the short shoots (needle
pairs) has been cut through. Throughout the entire length of the cut
ridge, approximately 1 mm, the cells adjoining the wound surface have
entered into the space between the components by enlargement, and
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divisions, too, have occurred in these outer cells. Sometimes cells under-
neath the wound surface also enlarge considerably. The further course
of the healing process in the cortex is discussed under the heading
“Phellogen formation’’.

In the cambium, it is only the rays that undergo immediate, noticeable
enlargement. The wound surfaces of the stock in side slit grafts consist
of exposed cambium, where the first reaction of living cells is manifested
as an enlargement of the ray cells. Plate XI: 2 shows a longitudinal
section through the lowermost part of the graft zone. Cells enter into
the empty space from a ray on the wood side. In Plate XI: 4 a cross-
section shows how cells intrude from a multiseriate ray on the phloem
side. In the scions the reaction of the epithelial cells of the resin ducts
is the same as that described above in connection with the veneer side
grafts.

The cell enlargements are less distinct in the pith.

3. The first cell divisions

The next stage in the development is that the enlarged cells adjoining
the wound surface, and cells situated several layers inside begin to
divide. It is quite usual to find cell divisions 3 or 4 days after grafting,
particularly in the rays of phloem and cambium. In a couple of cases
divisions have occurred in an equally short time in the pith of the scion.
Divisions in other active parts, such as resin ducts and resin cysts
in cortex and phloem respectively, as well as in ordinary cortex cells,
mostly start somewhat later than the divisions of the rays in the same
individual. Divisions in both the stock and the scion occur at an early
stage, in many grafts even earlier in the scion than in the stock during
the initial stage. This is rather remarkable, since the scion was in
complete dormancy at the time of grafting, whereas the stock was so far
advanced that new shoots had developed, and even some cambial
activity in the form of newly differentiated tracheids was discernible in
some individuals.

Plate IV: 1 shows a scion (veneer side graft) four days after grafting.
A ray has been cut near the cambial zone, and two nuclei are dis-
cernible in different stages of division. Several divisions were observed
in the rays of the scion of the same graft, and a couple of divisions in
the same tissues of the stock. Two more veneer side grafts, four days
old, were investigated, but no divisions were noticeable. Resin ducts in
the cortex in the lower parts of the grafts, however, were entirely filled
with cells, and division had probably occurred.
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Plate II: 6 shows an entire cross-section of a five-day-old graft. In
the upper side of the scion, a leaf trace is found close to the wound
surface. Several rays emerging from the leaf gap have been severed in
the grafting, and the cell division activity is very vigorous here as well
as in the external cortex. Examples of this activity are given in the two
following photographs. The cut shown in Plate II: 7 was situated 23
sections below that in Plate II: 6. One cell at the extreme end of a ray
has enlarged, and the nucleus is dividing, while a nucleus in the cambial
region of another ray has just divided, and a new cell wall is being
established between the daughter cells. Plate II: 8 originates from a
point 42 sections above that in Plate II: 6. Here the leaf trace has moved
far out in the cortex. A cell containing chlorophyll and located im-
mediately inside the trace is dividing. A total of approximately 20 cells
in division has been found associated with this leaf trace. Most of the
sections studied show clearly that several divisions have occurred earlier
in the region of the leaf trace. During this great activity of the scion
not one cell division has been observed in the opposite tissue of the
stock. On the other side of the graft, towards the bottom of the full-view
photograph, Plate II: 6, no divisions have been found in either compo-
nent, but a cut resin duct filled with cells has been observed in the scion.
Here, too, a leaf trace is discernible, although so far away from the
wound surface that rays emerging from the gap have escaped being
cut in the grafting.

Plate IV: 2 originates from the lower part of a six-day-old graft
where the cambia of the components have not fitted together at all.
In both the flap and the main part of the stock, one side of the cut cam-
bium borders on the pith of the scion. In the flap opposite the pith, one
cell in a ray is dividing, and in the same ray two daughter cells from a
newly divided cell can also be seen. A dividing cell is found in the pith
as well. Many divisions were observed in the following sections both in
the pith and on either side of the stock opposite the pith. Higher up,
where the matching of the cambia is slightly better, divisions occur in
the rays of the scion. Plate III: 5 shows a resin duct from the same
scion filled with cells and Plate V: 1 a dividing cortex cell. In the cortex
of the stock, too, divisions occurred.

The eight-day-old graft in Plate I1I: 6 exhibits callus formation in a
resin cyst of the stock. Plate III: 4 shows a longitudinal section from
the lower part of the scion of a seven-day-old graft with a vertical resin
duct in the cortex filled with cells, and with one cell rather high up in
the duct in process of dividing. Originating from the same graft, the
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cross-section in Plate IV: 4 shows an enlarged ray cell in the stock in
process of division.

The middle cells of the rays are the most active in forming callus.
Plate VI: 1 shows the appearance of proliferating rays in the phloem
in a tangential section. Their middle cells have shown the most activity,
and the initially uniseriate rays have expanded and become fusiform.

It happens that cells in resin ducts and rays of the xylem sometimes
divide and develop callus abundantly. Plate IV: 7 gives a general view
of the lower part of a graft, seven days old, with a severed vertical
resin duct on the left side of the stock. Plate IV: 8 shows in higher
magnification the area immediately below the scion. The cells in the
resin duct have enlarged and are dividing, and a telophase can be
seen in the photograph. It is not unusual to find callus developed from
parenchymatous tissues in the xylem of the stock, from the rays,
particularly from the multiseriate ones, and from vertical resin ducts;
this is less usual in the scions. Callus is sometimes developed in the
scion from severed leaf gaps in the xylem.

Side slit grafts investigated show early and vigorous division activity
in both of the components. Plate X: 6 is a high magnification of a cross-
section of a four-day-old graft where the bark flap touches the cut pith
of the scion. Divisions are visible in a ray cell of the flap (telophase)
and in a cell in the pith of the scion (metaphase). Plate XI: 2 originates
from the same graft and shows proliferation from the wood side of the
stock. Plate XI: 4 shows proliferation in both multiseriate and uni-
seriate rays on the phloem side. The stocks have consistently displayed
great activity in the inner part of the corner. Mostly the cells of both
the phloem side and the xylem side participate. Likewise most of the
divisions in the scions occur in their inner part. Examples are shown
in Plate X:7—a division at the extreme end of a ray—and in Plate
XI: 5—a division in the cortex just on the boundary of the phloem.
(Divisions at the boundary between the phloem and the cortex have
been a common occurrence in all the grafts investigated. It is often
difficult to determine to which of the tissues a cell belongs. This matter
will be dicussed in the following paragraphs.)

No divisions have been observed on the wood side of the stock where
the wood of the scion has been closely pressed onto the stock. When
the pith of the scion has been cut on the side facing the main part of
the stock (the wood side), divisions are found in the stock opposite
the cut pith, vide Plate XI: 3. In most cases the exposed pith, too,
shows activity. On the side of the radial incision into the stock, called
here the incision face (cf. Fig. 18 a), divisions also occur in rays and in
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the cortex at an early stage. Plate XI: 6 shows an initial uniseriate ray
at the incision face of a six-day-old graft where several divisions have
occurred.

In the scions of side slit grafts, cell division activity generally starts
later in the external parts of both of the cut surfaces (outside point 3 and
4, see Fig. 21) than in the other parts. Both of them have usually had
poor contact with proliferating tissues in the counterpart. The resin
ducts at the wound surfaces in the cortex, however, are already at an
early stage clogged by expanding epithelial cells.

The cells of the cambial region, except for the ray cells (see above),
are remarkably inactive during the inital stage of callus formation.
Gradually, however, when divisions have started in the surrounding
cells (rays) and the cambial activity has begun in the undamaged
adjacent parts, a certain amount of division seems to begin also in the
cambial region close to the wound surface. (This refers to vencer side
grafts, but it is also applicable to the scion of side slit grafts. The course
of development is slightly different in the stock of side slit grafts; see
below.) In the immediate proximity of the wound surface, the fusiform
initials and the xylem and phloem mother cells show repeated, trans-
verse divisions (c¢f. NEErFr 1914). The divided cells then behave as
other parenchyma cells near the wound and sometimes give rise to
large callus masses. The cells of the cambial region are not able to
participate in the callus formation until this transformation has taken
place. The transformation is by no means always complete. A junction
of callus cells originating from tissues external to the cambium has
often occurred before the callus formation from the cambial region has
become of major importance.

Plate IV: 5 shows a tangential section from the lower part of a nine-
day-old graft. The scion is cut in the outermost part of the wood, and
at the bottom the cut reaches the undifferentiated cells. They have
divided into small irregular daughter cells, which now begin to dif-
ferentiate. In the stock, the lowest part of the cul has reached outside
the cambial region, the cells of which have developed into an irregular
mass of callus by divisions in all directions. In the cross-section shown
in Plate IV: 6 from an eight-dayv-old graft, irregular parenchyma cells
can be seen in the cambial region of the stock. Plate IV: 3 shows a
radial section from the upper part of a seven-day-old graft where the
cut has touched the cambium of the stock, and where a couple of rays
end in the area. Yet all the undifferentiated cells appear to be active.

Initial callus formation from the cambial region has been seen to
occur only from cut rays in this area. However, when a large mass of
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callus has already been formed, it is impossible to identify the
cells which initiated the division. Moreover, it is not unusual to
find unions between cells of cortical and phloem origin (rays) after
10—15 days, whereas hardly anything has happened in the cambial
region.

Conditions are slightly different in the stock of side slit grafts. The
bark has been loosened from the wood in the cambial region in which
some cells have been destroyed. The proportion of cambial cells
adhering to one or the other side varies. When the still undifferentiated
xylem cells adhere to the wood, it is at least possible to study how they
participate in the callus formation at the innermost part of the corner
(Plate X: 8). Proliferation virtually never occurs from the areas where
the cut wood of the scion is attached to the wood side of the stock, not
even from the rays, vide e.g. Plate XII: 3, 5 and 6. If the pith of the scion
has been cut on the side facing the wood of the stock, however, the callus
formation from the latter often becomes vigorous, and both ray cells
and other cells in the cambial region participate, cf. Plates XI: 3 and
XII: 5. On the phloem side, too, cells other than those of the rays may
divide. The photographs in Plate X: 10 and 11 are examples taken from
a 12-day-old graft.

One type of parenchyma has not yet been mentioned, viz. the vertical
phloem parenchyma. Almmost without exception these cells contain tannin,
which gives them a dark colour in a fixed material. Initially their cross-
section area is not larger than that of ordinary phloem cells, but
accordingly as they are pushed outward by the cambial growth, they
are enlarged in the same way as the ray cells. They may react in a
parallel way at an earlier stage if tissues in their immediate proximity
are wounded. Plate X: 9 shows an entirely intact part from a stock.
Other portions of the same stock are visible in Plate X:10—11. The
magnification is the same in all these photographs. It can be seen
clearly that the last formed parenchyma cells in the phloem are con-
siderably enlarged in both sections shown in Plate X: 10—11. ABBe &
CrarTs (1939) have found in Pinus strobus that by renewed meriste-
matic activity the phloem parenchyma cells jointly with ray cells succes-
sively develop the cork cambia which form the phellem in the outer
bark, The dark colour of the cell contents renders direct observation of
divisions in these parenchyma cells more difficult, but it is easy to
establish that these cells are able to participate in the callus formation—
the cells containing tannin produce files of cells of the same kind,
cf. e.g. Plate XIII: 3 and 9. In side slit grafts it is not unusual for the
division activity in the bark flap to start a good distance inside the
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wound surface. A continuous meristematic layver is formed jointly by
the ray cells and the phloem parenchyma, c¢f. Plate XII: 5.

It has consequently been established that all living cells in Scots pine
possessing an active cell nucleus have a possibility to divide under the
influence of the stimulation initiated by wounding. (The reservation
“possessing an active cell nucleus” has been added with due con-
sideration to the functional sieve cells which have living cell plasma,
whereas their nuclei degenerate at an early stage. This also applies to
the albuminous cells of the rays in the functional phloem.) A compila-
tion of the cell division intensity in various tissues in the proximity of
the wound surfaces during the first period after grafting is presented
as a supplementary to the corresponding chapter onspruce (Table1,p 77).

4. Phellogen formation

Matters concerning the formation of periderm on the wound surfaces
in the cortex will be treated here in close context.

The reactions to be seen in the cortex of the stock and scion after
grafting are similar to those which occur when the stem has been wound-
ed superficially. Divisions may develop in every undamaged cell close
to or immediately underneath the wound surface.

Enlargement of cells close to the wound surfaces is a rather common
occurrence in the scions, and divisions in the cells that enter the space
between the components also occur. Plate V: 4 shows cells of this kind
advancing from the scion side, while Plate V: 5 shows a division of a
superficial cell in the same scion. Cells located immediately underneath
the wound surface may also enlarge, and the first divisions produce
cells that enlarge strongly and push the external dead tissues outwards.
Plate V: 8 shows an example where 13 days after grafting proliferation
has been vigorous in both components. Callus formation of this
extensive kind from the cortex has been observed in connection with
leaf and branch traces only. In Plate V: 8 the section through the scion
passes immediately below the level where a leaf trace is leaving the
stele; in the stock a branch trace has proceeded outwards and in the
present section its main part is in the outermost part of the cortex.
A leaf trace in the scion in Plate XII: 2 has been split. A callus mass of
a similar kind has entered from the phloem-cortex boundary. It is not
always, however, that the proximity to leaf and branch traces causes
such callus formation in the cortex as described, although the appear-
ance of traces near the wound surfaces mostly gives rise to increased
cell division. Essential conditions for an extensive callus formation
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are that the atmosphere around the wound shall be kept humid, and
that the wounded surface is not exposed to drying for any length of
time during the grafting.

It is much more usual for the first divisions to occur some distance
inside the wound surface both in the scion and in the stock (Plate
V:2—3). However, they have no definite angle to the wound surface.
This is evident from the divisions shown in these two photographs
and from divisions studied in a large number of other sections (see
also Plate V: 1 and 5). Nor is there any specific place in the cortex
where the cells are at first to divide. The first divisions in the cortex oc-
cur within 4—7 days. .

Some days later a continuous strand of actively dividing cells can
be observed inside the wound surface. This strand runs fairly parallel
with the wound surface, see Plate V: 6. Contrary to the very first
divisions described above, most of the divisions in this meristem occur
parailel to the plane of the latter. This meristem will function in the
same way as an ordinary phellogen and produce a number of cell rows
in either direction. Outermost in the cortex, junction is attained with
the phellogen present there, which, however, plays no active part in
the formation of the new phellogen on the wound surface. No divisions
have been observed in the cells of the old phellogen in the early stage,
and not until some time after the new phellogen has been formed does
a union of the two parts occur.

Deeper in the cortex, where the actively dividing layers are more su-
perficially located in both scion and stock, junction is soon established
between the newly formed phellogens. In the 13-day-old veneer side graft,
from which Plate V: 7 is taken, definite phellogen union has been estab-
lished over rather long distances on one side. The union is so good that
it must in fact already have taken place at least a couple of days earlier.
The junction of cortical cells occurs 10—20 days after grafting in places
where the fit of the graft components renders junction possible. This
union does not immediately take on the character of a continuous phello-
gen, the first cells to attain contact with each other being more in the
nature of an irregular callus. As soon as the junction has been established
the cells in the region of unification participate in the organized dividing
activity which characterizes the phellogens on both sides. Plate II: 4
shows a good union of phellogens.

When the first divisions are superficial and a certain number of large,
irregular cells has been formed, the phellogen is established inside
these cells. The first cells formed will thus constitute a part of the layer
which is insulated from the inside stem by the phellogen. Plate V: 8
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shows how phellogen is established at the base of the callus tissues in
both components. The same process is going on in the scion shown in
Plate XII: 2, where vigorous divisions occur in one plane at the base
of the callus mass. An example of a slightly older graft (17 days) is
shown in Plate V: 9. Large, deformed cells occur outside the phellogen
of the stock, and in the scion the phellogen has been developed through
a resin duct which was first filled with cells. It sometimes happens that
cells in the part of the cortex which will later constitute a portion of
the layer insulated by the phellogen enlarge and divide a couple of
times, after which their activity ceases.

It was said in the chapter dealing with the formation of contact layer
that the layer of dying cells in the cortex generally was heaviest in the
stock, where it also first became clearly visible. Similarly the divisions
which produce the phellogen also start deeper in the stock than in the
scion. The reasons for this may be several: 1) In most cases a piece
of the cortex in the stock is not covered by the scion, and is therefore
subject to exposure and withering. 2) The cortical tissues of the stock
are older, at the time of grafling three or four years old, whereas the
scion is only one year. 3) The stocks are forced, their annual growth
is in full progress, and their water consumption is therefore high in
comparison with that of the unforced scions. The first reason cannot
be excluded entirely, but may be regarded as only a contributory cause:
divisions may start superficially also in the scion when it is displaced
in relation to the stock, cf. Plate V: 6, whereas the phellogen is formed
al some distance inside the wound surface of the entirely covered
stock. Divisions in the outermost cells of the wound surface are rare
in the cortex of the stock, and enlargement of old cells pushing them
forward in front of the wound surface has never been observed. The
second explanation may appear to be the most plausible one—the young
cells of the scion have superior vitality. It should be added, however,
that a distinct phellogen with clearly developed derivatives mostly
occurs earlier in the stock, where the supply of water and nutrients
from the roots is superior. Comparative investigations of graftings with
forced and unforced stocks are needed to provide a definite answer as
to the importance of whether or not the stocks are forced.

When the stock and the scion do not cover each other in the cortex
so completely that a union of newly formed phellogens is possible, the
phellogen proceeds by differentiation of the callus originating from cells
located deeper in the stem, primarily from the phloem rays. In side slit
grafts this occurs regularly in both stock and scion at the union of bark
flap and scion, as well as at the incision face. In the grafts investigated,
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the incision face has rarely been entirely covered by the cut surface of
the scion. Here phellogen develops even in callus tissues originating
from the cambium. This also happens in the part of the scion facing
the wood. The tissues, which then endeavour to heal the wound on
both sides, are covered with heavy layers of cork which have to be
penetrated before union can be achieved (Plate XIII: 9). All exposed
living tissues are covered in the same way. Plate VIII: 4 shows a two-
year-old graft where union has been achieved on one side during the
first yvear, whereas no connections have been formed on the other side,
in spite of vigorous growth in both of the components. This growth
has so far only had the effect of pushing the original graft components
apart.

At the union of scion and stock it often happens that large, dead
pieces of tissue are embedded and isolated from the living tissues by
cell layers of the same appearance as that of the phellogens at the
exposed wound surfaces, cf. Plate V: 10.

5. Further callus formation and the union between parenchymatous tissues

It has been stressed repeatedly in the preceding chapters that the
intensity of cell division may vary widely in the different parts of an
individual. Leaf and branch traces appear to be active elements which
stimulate divisions in adjacent tissues when wounded. Divisions start
very soon in rays emerging from leaf gaps. Activity seems to be partic-
ularly vigorous in the boundary between the phloem and the cortex
outside a leaf trace, as shown in Plate V: 11. The ridge located in the
cortex below an emerging leaf trace belongs to the more active parts.
Active leaf traces no longer exist in the stocks, but the few branch
traces that occur near the cut surfaces may also be surrounded by active
tissues in the cortex. This great tendency to develop callus around
branch and leaf traces also provides better possibilities for a rapid
union of the graft components where such branch and leaf traces
are present at the wound surfaces (Plates V: 8 and XII: 1). A vigo-
rous development of callus from the scion at an early stage is nearly
always connected with a leaf trace.

The first union (transfusion windows) in veneer grafts usually occur
between cells that originate from rays outside the xylem (uniseriate as
well as multiseriate rays and the resin cysts at the ends of the latter)
and from the cortex and its resin duects. The unions oceurring at an early
stage between cortex-derived tissues were discussed in the preceding
chapter. It is quite usual for junctions of this description to be the first
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to occur. Unions in the cortex may for a long time be the only ones that
occur over large parts of a graft.

All the cells that are formed initially near the wound surfaces are ofa
parenchymatous nature, and, given the necessary conditions, they all
possess the same inherent possibility of achieving union with the newly
formed cells of the counterpart. It is consequently not unusual to find
junction between cells that may originate from widely different parts
of the stem if tissues of the same kind have not been fitted together from
the outset. Concerning veneer side grafts, unions of callus tissues
originating from rays in the phloem of one component and from the
cortex (ordinary cortex cells or resin ducts) of the other are a common
occurrence. Plate V: 12 shows a longitudinal section of a 14-day-old
graft where a vertical resin duct is cut axially in the cortex of the
scion. It is entirely filled with cells which have subsequently united
with newly formed cells from the rays of the stock. In the section shown
in Plate VI: 2, union has occurred between the cambial region of the
scion and the cells of a resin cyst in the stock flap. Junction of cells
originating from the pith of the scion and from the. stock bark flap,
especially the rays, is common in side slit grafts, e.q. Plate X: 11. In
this type of graft, union also occurs regularly between callus tissues
from the cortex of the scion and from rays of the bark flap (Plate
XII: 4). In Plate IV: 2 a junction of parenchyma cells in a ray of the
stock flap and the pith of the scion is just about to be established in a
veneer graft.

In places where tracts of cortex and phloem are pressed against each
other (cortex—cortex, cortex—phloem, phloem—phloem), union may
oceur by a comparatively small number of divisions, and large callus
formations never occur there (Plates VI: 3, I1: 4). Unions of large parts of
the wound surfaces can never occur simultaneously, since the thickness -
of the contact layers and the ability of cells of the various tissues to
divide vary a great deal. For this reason remnants of the contact layers
are always found between the places where breakage has occurred a
long time after the first union. Depending on which side has been
proliferating most vigorously, pieces of the contact layers are pushed
to one side or the other (Plate VI: 6 and Fig. 20). The three-week-old
graft, from which the section in Plate VI: 3 is obtained, differed in
appearance at different levels. Sometimes a more vigorous callus
formation had occurred, as in Plate VI: 4, but generally union had
been established at an early stage on both sides of the graft, sometimes
between tissues originating from the cortex, sometimes between tissues
from the phloem and the cambial regions, or with a couple of transfusion



46 INGEGERD DORMLING

windows simultaneously, as in the sections photographed. Plate VI: 5
shows a section through the centre of the graft at the exposed wood
surface—there is no callus tissue between them. It is quite usual to
find that no cells have been formed between the wood surfaces when
the junction on the outsides is rapid. Plate VI: 11 shows an example
from a six-month-old graft.

When the cut surfaces of the stock and the scion have not been
properly fitted, the result is nearly always a callus formation which is
larger on one side, the least favoured side. (Endeavours have always
been made when grafting to fit the cambia to one side if the scion
has been weaker than the stock.) The scion is then extruded from the
stock, and a large slot is formed between the wood surfaces. The callus
mass penetrates between the wood surfaces e.g. as on one side of
Plate VI: 10. Proliferation from the pith of the scion, from cut leaf and
branch fraces in the wood (Plate IX: 4), from xylem resin ducts (Plate
IV: 8) and from xylem rays (Plate VI: 7—8), may contribute towards
filling up the space. However, it cannot always be said that it is the
presence of a large space that initiates great proliferation in paren-
chyma cells of the wood. In the four-week-old graft shown in Plate
VI: 7—8, the rays and the resin ducts of the stock have formed large
masses of callus. Before fixing, the lowermost part of the graft was
split into two halves, one of which was cross-sectioned, and the other
longitudinally sectioned. Plate VI: 8 shows one of the cross-sections.
The largest mass of callus has been formed at the boundary between the
last annual rings. The longitudinal section in Plate VI: 7 passes through
the other cut edge of the same annual ring. These masses of callus have
no connection with the parenchyma or the cambial layers external to
the wood. Plate VI: 7 shows the formation of a strand of cells of a
cambial character in the middle of the callus, with subsequent divisions
producing cells of a more uniform shape. The scion has been pushed
outwards by the vigorous callus formation, and there are only a few
weak points of union between the main part of the stock and the scion
in the cortex region. Higher up, where the annual ring boundary in the
stock was not cut and the callus formation remained less intensive,
the junction of parenchyma in cortex and phloem was good. The union
of the stock flap and the short, obliquely cut surface of the scion,
however, showed the greatest advance (cf. the next chapter).

The ability of the stock to proliferate from parenchyma in the wood
has appeared to vary considerably. To a certain degree this apparently
depends on the path of the cut—whether specially active parts have
been cut, as in the graft shown in Plate VI: 7—8, the boundary of



ANATOMY OF GRAFT UNIONS 47

the last annual ring, or, as in Plate IV: §, a large resin duct. A cut annual
ring boundary, however, does not always produce callus, cf. Plate
VI: 11. A comparison of the appearance of the annual ring boundaries
in Plate VI: 8 and 11 reveals quite large dissimilarities. In Plate VI: 11
the transition from the wood of one annual ring to that of the following
is fairly even, and it is possible to follow the rows of tracheids straight
through the boundary areas. In Plate VI: 8, on the other hand, the
border between the annual rings is interrupted. Broken rows of tracheids
are interpolated by parenchyma cells. This behaviour is the conse-
quence of some damage done to the cambium, probably caused by
drying in connection with the potting in the previous spring. Several
of the stocks potted simultaneously exhibit the same defect. There
were thus more parenchyma cells than normal at the periphery
of the annual ring, which might explain the great ability to produce
callus.

In the scions the power of the wood and pith parenchyma to form
callus varies, even among scions originating from the same tree.

When the cut on the stock of a veneer graft has been so superficial
that it touches the cambium only, the space between the components
is always filled, mostly by tissues emerging from the rays that have been
cut (Plate VI: 9), but also by the intrusion of tissues from the outer edges.
In the upper parts of the graft zones, the cuts are usually superficial.

In the side slit grafts it is less common that rays and other cambial
cells located in the stock opposite the cut xvlem of the scion form callus.
A large portion of the parenchyma cells at the wood surface become
crushed when the scion is inserted and tied. At the point where the pith
of the scion has been exposed opposite the wood of the stock, however,
callus formation, as mentioned earlier, occurs. This proliferation
opposite the cut pith seems to indicate that the contact with living cells
in the pith may initiate divisions in the rays and in incompletely
differentiated xylem cells in the stock. Another possible explanation may
be that several cells have been destroved where the wood of the scion
has been pressed against the stock. The space for proliferation has then
been rather limited, at least immediately after grafting and until callus
formation in more active areas has occurred to such an extent that the
scion has been raised from the stock as shown in Plate XIII: 1. There
are many instances where activity in one graft component has influenced
the other component to formation of callus and differentiation of the
newly formed cells. Plate VII: 5 shows an example from the lower part
of a veneer graft, where parts of the scion phloem and cortex have been
placed between wood elements in the stock. A branch trace has been
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cut in the latter, and the effect on the callus formation in the scion is
clearly visible.

We have seen earlier how the junction of parenchyma may be effected
by a few cell divisions on both sides when parts capable of prolifera-
tion are closely fitted together. When very active portions are cut, how-
ever, cell division immediately becomes so vigorous that the mass of
callus is able to push the graft components apart before union has been
established. The firmer the binding, the earlier the union. Thus when
a large space between the wood surfaces has been formed by vigorous
proliferation in the outer sides, the callus tissue intrudes and fills the
space, in so far as intensive divisions in the wood parenchyma and in
the pith of the scion have not occurred simultaneously. When the parts
of the graft components that are able to proliferate and unite (areas
outside the wood cylinder) have been less satisfactorily fitted together, a
large formation of callus always occurs before union has been possible.
A space between the wood surfaces which is filled with intruding
tissues is then a natural consequence. This is practically always the
case in side slit grafts where the insicion face has never been fitted
closely to the phloem and cortex of the scion (see Fig. 18 a). Callus
tissue enters the space between the wood surfaces both from the outer side
and from the vigorously proliferating tissues in the innermost corner.
Plate XII: 6 shows a 17-day-old graft where the innermost corner is
entirely filled with callus. The stock has formed phellogen at the in-
cision face and a vigorous callus formation has been initiated in the scion,
which, if continued, would have forced the scion outwards. The large
space between the wood surfaces would then be filled with callus from
both edges, and the whole graft would finally have about the same
appearance as that of the graft shown in Plate XIII: 10.

The tissues formed in different ways between two exposed wood
surfaces (alternatively the pith of the scion) and their fate when en-
gulfed by the cambia will be discussed in chapter V: D.

6. Union between vascular tissues

a. Veneer side grafts

After parenchyma union has been established, the coalescence of the
cambia of the graft components is the next stage in the progress towards
the complete healing of the graft wound.

In places where the cambia of the graft components have been well
fitted together and where the union of parenchyma has occurred at an
early stage in the surrounding area, it is possible after three weeks,
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sometimes earlier, to observe how short, more or less deformed tracheids
have differentiated close to the contact layers between the components.
There is no real junction between these newly differentiated cells.
Plate VII: 1 shows a longitudinal section of such a contact area between
the scion and the main part of the stock in a 17-day-old graft (the
contact surfaces have become separated during preparation of the ma-
terial). In sections from superficial parts of the same graft there are good
parenchyma unions. Plate VII: 2 is a cross-section of the flap side of a
three-week-old graft. Newly differentiated tracheids occur on both
sides, and the contact layer has just been broken outside the cambial
region, and a transfusion window has been formed.

In all grafts investigated where the buds of the scions have begun
to burst, the union of cambia has started.

At the time of the grafting the cell divisions in the cambia of the stock
had in most cases started, but only little growth had taken place,
possibly one or two rows of tracheids. At approximately the end of the
next three weeks, when fusion of the cambia of the two graft components
was about due, several rows of tracheids had been established and the
cambia thus moved outwards. The cambial activity was mostly very
moderate in the scions, partly because the scions were in dormancy
at the time of grafting, and partly because of the reduced supply of
water. If the cambia of the components are fitted accurately at grafting,
it happens that the cambium of the stock grows away from the scion
cambium. This is illustrated by some drawings in chapter V: E (Fig. 32
p- 73). Plate VI: 5 shows an example of a three-week-old graft where the
cambia had originally been fitted closely together on one side (on
the left in the photograph), while on the other side the cambium of the
scion had projected beyond that of the stock. Now, it is instead on the
last-mentioned side that the cambia are accurately placed and a
bridging might soon occur, whereas on the left side the increment of
the stock has forced them far apart. The cambium is pulled slightly
forward when a leaf trace emerges from the wood cylinder. Plate
VII: 3 is obtained from a section slightly subjacent to the section in
Plate VI: 5. A leaf trace in the scion has been severed with the result
that the cambia have nearly united on the side where the cambium of
the stock has departed from that of the scion by faster growth in other
parts of the graft.

The leaf traces are able to effect union between vascular tissues on
their course through the phloem and the cortex. Plate VII: 4 shows a
longitudinal section which has passed peripherally through a leaf trace
in the scion. Contiguous to the contact surface of the stock there are

4313381
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some recently differentiated, short tracheids. (In other sections of the
same series the newly formed tracheids will be seen in contact with
the main tracheids of the trace.) Here the graft cut of the stock has
passed through the cambial region. Straight opposite the leaf trace,
tracheids have been differentiated in the stock, but this is not the case
with the rest of the cut-surface. Plate VII: 6 gives another example of
the power of one graft component to influence the cells of the counter-
part to differentiate (the photograph is of a section just outside that
shown in Plate VII: 5). Opposite the cut branch trace in the stock
wood, tracheids are differentiated in the callus tissue of the scion. No
connection was observed between the stele of the scion and these newly
differentiated tracheids.

Plate VII: 7 is a longitudinal section of the same four-week-old graft
and shows a part of the union between the scion and the stock flap.
The cambial strand differentiated in the flap has united with the cambium
of the scion, and tracheids from both of them lie close to one another
without any contact layers in between. No union between cambia or
between newly differentiated tracheids in the scion and the main part
of the stock has been observed. The vigorous callus formation from
wood parenchyma in the stock of this graft, discussed in the previous
chapter (p. 46), has forced the scion outwards. This effect, however,
was greatest in that part of the graftwhich was longitudinally sectioned.
Here union has been established only in the cortex. In the cross-
sectioned part (Plate VI: 8) a junction in the cambial region is im-
minent.

Cross-sectioning puts a great deal of strain on the cambia and on still weak unions in
the cambial region. The heavy parenchyma junctions in the cortex and the phloem usu-
ally remain firm, whereas the first xylem unions easily rupture. Breaks often occur also
in the cambium. The transition from soft to hard material (easy and hard to cut respec-
tively) in combination with firm union in the external parenchyma causes a collapse in

the cambial region when cross-sectioned, e.g. Plates I1:4, VIIL: 1, Longitudinal sectioning
does not produce a similar strain, because it follows the direction of the tracheids.

Plate VII: 8 shows a complete fusion of cambia at the flap of a
five-week-old graft. Here the cambia have started to produce united
vascular tissues—both xylem and phloem. Vascular unions with the
main part of the stock have also occurred in this graft, but they
are so weak that they have been damaged in the sectioning (Plate
VIII: 1). The parenchyma unions in the same section are now so
complete that the union zone is difficult to detect, but some remnants
of the contact layers are discernible. (See the arrows.)

It is only in places where the cambia are well matched that the union
is as easily achieved as outlined above. When the cambia are farther



ANATOMY OF GRAFT UNIONS 51

apart, the picture becomes more complicated. A broken cambium
induces adjacent parenchyma cells to undergo dedifferentiation and re-
sume division. The entire process has been described by Braux (1958),
see pp. 14—15 above. Thus the cambium extends by induction from one
cell to another laterally as well as vertically (upwards and downwards)
through the callus tissue. It may therefore appear in a single cross-
section as if no junction had occurred between a meristematic strand
and a rather closely situated cambium. Upon studying adjacent sec-
tions, however, it becomes apparent that union has been established.

This does not imply that influence from an existing cambium is a
prerequisite for the formation of cambium in a mass of callus. Many
scientists working with callus cultures (e.g. BaLL 1950, GAUTHERET
1957, STEwARD ef al. 1958) have shown that a stele may be formed
gradually in a callus mass even when separated from the mother
organism. Even in the absence of contact with external tissues, cambia
may also occur in callus masses which have been formed between
the wood surfaces of the graft components. The meristematic strand
shown in Plate VI: 7 is probably a preparatory stage before the dif-
ferentiation of cambial derivatives has been initiated (see also chapter D).

It is definitely clear, however, that a cambium strand originating in a
callus mass in front of a broken cambium is a result of an induction
from this old cambium. Plate VII: 10 shows how the cambium of the
stock has turned outwards to establish contact with that of the scion.
Plate VII: 11 is another section from the same graft, approximately
2 mm below the previous one. Here, too, a union is achieved between
meristematic strands from both sides. In the section first mentioned,
tracheids have been differentiated in connection with the cambium of
the stock. In the last-mentioned section there are newly formed tracheids
in tissues originating from a leaf trace in the scion. No junctions,
however, have occurred in any of the adjacent sections between the
new tracheids developed from both components; only various degrees
of parenchyma union and part unions of cambial strands and of
phellogen. Plate VI: 2 shows how callus from the cambial region of
the scion has united with the callus in a resin cyst in the stock flap. A
strand of elongated meristematic cells now passes through this callus
tissue in the direction of the stock flap cambium, and a union of the
strands from both sides is established. Originating from the scion
differentiation of tracheids has started in the stock flap callus close to
the junction with the scion.

The nature of the undifferentiated callus cells is the same wherever
they are developed. Each broken cambium tends to expand in .an
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adjoining callus tissue, and when a union is established with callus of
different origin, the cambia advance from both sides through the
tissues, irrespective of their origin. It also seems possible that a stimulus
may be transferred through parenchyma tissues from one edge of
cambium to another, thus influencing the directions of the expanding
cambia.

The direction of the cells in the union zone has been studied also in
longitudinal sections. Even in very smooth unions the direction of the
first cells to unite is oblique. Tracheids of anomalous shape may be
knotted together onto cyst-like formations with a number of parenchyma
cells in the cenire, which often constitutes a point of origin for new rays.
The direction of the tracheids is with few exceptions from the scion down-
wards to the stock, and to a minor extent from the stock upwards to the
scion (Plate IX: 3). This point will be further discussed in chapter VII: E.

In the cases described above, the cambial union has taken place
without interference, in spite of the relatively large distance between
the cambia. Plate VIII: 2 shows an example where the cambial fitting
between the main part of the stock and the scion was initially good. The
callus formation has been vigorous in the stock, but weak in the scion.
A firm binding has forced the callus mass to extrude towards the scion,
some tissues of which have been compressed. It is noticeable how the
heavily pressed cambium of the scion has produced compressedtracheids
arranged in oblique rows. The cambium of the stock has followed
the callus mass outwards, but turns in towards the advancing cambium
of the scion.

A parenchyma union with the other graft component and its cambium,
however, should not be regarded as a prerequisite condition for the sub-
sequent turning inwards of a cambium that initially turns outwards. In
a normal wound-healing process, too, the cambium usually turns out-
wards first, because of the stronger tissue formation at the edge of the
wound. Very soon, however, it deflects inwards to follow and cover the
wood surface. On one side of Plate VIII:3 (at the top of the photograph)
the union of the cambia of the scion and the stock, both in the main part
and in the flap, has taken place in the same way as shown in Plate VIII:2.
On the opposite side junction has been established on the flap side only.
There the cambium of the main part as well as in the union zones
previously mentioned has first turned outwards and then inwards. A
clear difference, however, can be observed: In the union zones in the
upper part of Plate VIII: 3 the first cells to turn inward are laterally
extended toward the scion but in the lower part the cells have their
normal vertical orientation. In Plate VIII: 2 the undifferentiated cells in
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the cambial union are extended towards the scion cambium. It appears
as if the cell orientation in these cambial bridges is influenced by the
cambial region of the counterpart. Wherever cambia become united
laterally by differentiation of connecting parenchyma tissues, the cells
extend in the way described above.

No real unions between vascular tissues occurred in the seven-
week-old graft shown in Plate VIII: 2, but the parenchymatous unions
were mostly satisfactory. The rather vigorous growth in the scion
cambium (7—8 rows of tracheids in Plate VIII: 2) has been possible
without any junction with the vascular tissues of the stock.

The cambial activity is always more vigorous near a wound surface
than in the rest of the stem. This has been observed in many previous
investigations (e.g. HeErste 1908) and is also confirmed here. In the
scion, too, the cambial activity close to the wound starts earlier than
in the other parts. The cambia of the graft components usually meet at a
certain angle. Through the more vigorous cambial activity at this
point, the angle is soon filled, and the united cambia form an even
cylinder round the two components, vide Plate VII: 9.

When the cambia are located far apart and a meristematic strand is
developed through a uniting callus mass, its derivatives in the zone of
union usually retain their parenchymatous nature longer than the con-
tiguous cambia. Differentiations on the xylem side are easier to study
in an early stage of development than those on the phloem side. Un-
doubtedly the junction on the phloem side, too, is frequently maintained
by parenchyma cells, even when united tracheids have developed on the
xvlem side. There are, however, examples indicating the reverse. Plate
VII: 12 shows a detail of the zone of union eight sections above that
shown in Plate VII: 10. Union of the newly differentiated tracheids on
both sides has not occurred, but on the phloem side, the unionis complete
and sieve cells are differentiating. The nuclei of the new sieve cells have
started to degenerate (at this stage they are heavily stained by safranin).

When the stock flap is cut as shown in Fig. 17 a (¢f. also Fig. 30),
union between the flap and the scion can take place in lateral direction
only. Straight inward-upwards there is a piece of the stock wood
which constitutes a barrier. All the newly formed cells in the stock
flap will therefore be directed towards the edges where the unions
occur. This also applies to the scion in places where its cambium
fits up with the wood surface of the flap. Plate X: 1 shows a longitud-
inal section passing near the centre of such a graft. The longitudinal
axis of the newly formed cells in the flap has not the same direction as
that of the cells formed during the previous year. Most of the new trach-
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eids are cross-sectioned or obliquely sectioned, whereas the older ones
are cut longitudinally. Plate X: 2 shows the heavy growth at the outer
edge of the union zone of the same graft. On the other hand when the
stock flap has been cut as shown in Figs. 17 b and 31, union can occur
between the whole of its cambium and the cambium along the entire
short cut surface of the scion. A successful union then has the appear-
ance as in Plate X: 5, which shows a section through the centre of the
graft. Complications that may arise during union with the flap will be
discussed further in chapter V: E.

To obtain a sucessful grafting result, it is not necessary that cambial
unions or even parenchyma unions shall be established on both sides
of the graft during the first growing season. When the scion is smaller
than the stock, the cambia have always been fitted rather accurately
on one side, and often at least if the cut surfaces differ greatly in size,
the graft components unite on one side only. Several years may then
pass until union on the other side is established. The newly formed
tissues in both components cover their surfaces with heavy cork and
a great deal of force is needed to break this layer (see e.g. at the top
of the photograph in Plate VIII: 4).

In the upper parts of the graft zones, and occasionally also in some
places further down, both the stock and scion may heal over their own
cut wounds without uniting with their counterpart. The scion must be
completely united with the stock at some point to be able to further
growth. Gradually, however, the pressure becomes so great that the
cork layers are broken. The living cells underneath the cork layers
appear to be able to contribute to the breakage by decomposition and
absorption of cork material. Plate VIII: 5 shows both sides of a two-
year-old graft some distance above the middle of the graft zone. On
the side turned downwards the cambia were united in the second year,
whereas only parenchyma junctions occurred on the other side. Plate
IX:1 is obtained still further up. The wound surfaces of both the
components have been healed over in the first year. Increasing
pressure has forced the cells to turn outwards, and the cork layers
have broken at the point where the pressure was heaviest. During the
next growing season, the cambia would have united. The union
proceeds here in the same way as the union of so called natural grafts,
where two stems with closed cambial rings have been pressed against
each other. The cambial ring divides, and the two edges turned out-
wards to unite with the cambial edges of the counterpart. A rather
interesting phenomenon concerning the direction of the cells has been
observed in a couple of cases, in which a cambium has divided and
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united with that of the other component. Cells developing straight
opposite the counterpart are parenchymatous, horizontally elongated
(like the ray cells), and arranged with their long axis towards the other
graft component. On the sides of this ““division layer” the cambia have
turned outwards (cf. Plate IX: 2).

Generally there are two possibilities for a union of the cambia in a
veneer graft, 1) The broken cambia of both components are so close to
each other that an almost direct bridging may occur. Only a few, short
cells produce the first parenchyma union, and the new cells adhering to
the broken cambia of the components continue to divide. The divisions
in the union zone soon acquire the same character as that of the adjacent
cambia in the stock and the scion. 2) Meristematic strands from the
cambia of both parts develop towards each other through a conjunctive
parenchyma tissue. The two growth processes described cannot be
clearly distinguished.

b. Side slit grafts

The cambial union takes place principally in the same way as in
veneer side grafts, except that the picture mostly becomes more compli-
cated because of the differences in the mutual position of the cambia.
After grafting by the method used in the series investigated (radial inci-
sion in the stock), the first cambial unions are obtained with the part of
the scion cambium seated in the inner corner. Mostly it is in the lower
part of the graft zone that the first cambial union is established. If, how-
ever, the scion has been shaped so that no cambium is left in the lower
part of the wedge that is inserted between the bark flap and the wood,
the first unions occur higher up, where cambium is present in the inner
part of the scion. ‘

The union of the cambia in the corner is seldom entirely free of
complications. After the grafting, the cambium of the stock may be found
more or less intact on the phloem side (flap) or the wood side. The
major portion of the cambial region follows the flap when the cambium
is in the active stage at grafting, which was the case in most of the grafts
investigated. Some of the cambial cells may be damaged in grafting,
so that no complete cambium is present in the corner of the stock im-
mediately after the operation. The scion has two free cambial edges
directed inwards to the corner, one faces the wood side of the stock, the
other its flap. (To facilitate the discussion of cambial union in side slit
grafts, these two cambial edges and the other two places where the cam-
bium of the scion may be exposed have been numbered from 1 to 4
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Fig. 21. Side slit graft. The four places where the scion cambium may be exposed are
numbered. Cf. Plate XI: 1.

Sidsticksymp. Numrering av ympkvistens fyra blottade kambiekanter. Jir pl. XI: 1.

according to the drawing in Fig. 21.) The width of the part of the scion
cambium which faces the corner (distance between 1 and 2), appears to
have been important for the mode of development of the connecting
cambial strand in the corner,.

In the 20-day-old graft shown in Plate XII: 7, the stock cambium
has followed the flap and produced some tracheids and sieve cells in
the inner part of the flap. A meristematic strand running in an arch
towards the cambium of the bark flap, has emerged from the part of
the scion cambium (1) which faces the wood side (¢f. Fig. 22 a). No
tracheids have differentiated, and divisions appear to have ceased in
the part of the bark flap located between the point of union with the
meristematic strand from the scion cambium 1 and the point of contact
at 2. At point 2 the cambium of the flap has nearly united with that of
the scion, and has developed some groups of tracheids, which have no
connection, however, with the newly formed tracheids in the scion.In
the flap cambial activity and differentiation is apparent also in the con-
tact with the scion pith. Further out in the flap and external to the
scion pith, there is no continuous meristem (Plate XII: 8). Solitary
parenchymatous unions occur at point 3. Plate XII: 9 originates from
a section approximately 2 mm above the previous ones. Here the corner
is not entirely filled with cells. The stock cambium follows the flap, and
(beyond the limits of the photograph) it turns inwards in the same way
as in Plate XII: 7. In this and the following 200 sections (3 mm)
there was no union between the stock and the scion at point 2. At a
higher level, union was again established by the advancement of tissues
from the scion between the flap and the scion wood, which connect a
meristematic layer further out in the flap. Still higher up, Plate XII: 10,
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tissues from the scion at point 2 are seen protruding underneath the
flap, although meristem is lacking at its inner surface. Divisions have
started farther out in the phloem of the flap in the same way as in the
graft shown in Plate XII: 5.

In the 24-day-old graft shown in Plate XIII: 1, the major part of the
inner corner has been filled with callus from all directions. Plate
XIII: 2 is a detail of an adjacent section showing the union of cambia
at point 2. United vascular tissues are also present. Meristematic
strands had developed in several places in the callus masses at the
corner. It was still impossible to determine which one of them would
take the lead at various levels. Both sections have been obtained from
the middle of the graft zone. Lower down, where the inner part of the
scion was smaller, cambial strands developed from point 1 in the same
way as shown in Plate XII: 7.

When there is no cambium on the inner part of the scion, the cambium
in the stock mostly follows the flap, as shown in Plate XIII: 4. Devia-
tions from the straight course of the cambium may occur if tissues in
the flap have died, as in Plate XIII: 3, which was obtained from a
section lower down on the same graft. (Plate XIII: 3 is located 2.5 mm
from the bottom of the scion, Plate XIII: 4 approximately 11 mm
above.) In the lower part of the graft zone the phloem side has con-
tributed vigorously to the callus formation in the corner. Meristematic
strands have developed in several places in the callus, particularly in
the parts at the bottom of the grafting zone (Plate XIII: 3). The leading
strand follows the flap. Plate XIII: 3 also shows a complete union of
the scion and the stock at point 3. The cambium of the scion spreads
into the flap. The cell layers situated between this and the meriste-
matical strand in the inner part of the flap are more of a phellogen
character. About 1 mm above the section just discussed there is no
longer any union at point 3, and the phellogen continues unbroken
inwards to the pith of the scion.

No vascular tissues have yet been developed in connection with the
cambial strands in the lower part of the graft (Plate XIII: 3). The
vigorous fracheid formation higher up (Plate XIII: 4) from an almost
normally active cambium consequently has no connection with the
tracheids in the stem underneath—except laterally.

Approximately 4 mm above the section in Plate XIII: 4, cambium
is present in the inner part of the scion (Plate XIII:5). Emerging
from point 1 of this cambium, meristem extends in an arch similar
to that shown in Plate XII: 7. The stock cambium, however, passes
unbroken along the side of the inner corner in the flap, and the meristem
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Fig. 22 a—c. Side slit grafts. The principle of the cambial union in the innermost corner.
At grafting the stock cambium accompanies the bark flap. Callus tissue fills
the corner (not shown in the drawings).

a. The inner part of the scion is narrow. The cambium at pt. 1 (c¢f. Fig. 21)
extends semicircularly towards the cambium of the flap. Between their point
of union and the less complicated union at pt. 2, the cambial activity in the
flap is suppressed.

b. The scion is wider. The cambium in the corner forms a wider arch.

Still wider scion. Long distance for the cambia to bridge.

Key to signs on page 135.

Sidsticksympar. Principen fér kambiernas forening i inre vinkeln. Vid ympningen foéljer
underlagskambiet med barkfliken. Kallusvavnader fyller vinkeln -— ej markerat i teck-
ningarna.

a. Ympkvisten smal i sin inre del. Kambiet vid pt. 1 (se fig. 21) utbreder sig halveirkel-
formigt mot kambiet i fliken. Mellan deras forenmgsstalle och den mer okomphcel ade
foreningen vid pt. 2 undertrycks kambieverksamheten i fliken.

b. Ympkvisten bredare. Kambiet i vinkeln beskriver vidare bage

c. Annu bredare ympkvist. Lang stricka for kambierna att éverbrygga.

Teckenforklaring pa sid. 135,

from point 1 has instead joined up with the scion cambium at point 2
Immediately above, however, the cambium in the flap has been broken.
The meristem strand from point 1 has reached the stock cambium in
the same way as described earlier (vide the section shown in Plate
XIII: 6 which is located 0.3 mm above the one in Plate XIII: 3). /
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point 2 complete union has been established between vascular tissues.
Plate XIII: 7 shows a section at a further 1 mm higher level where
the meristem from point 1 has taken a shorter path toward the stock
cambium. The wider the cambium of the inner part of the scion, the
wider is usually the arch formed by the meristem from point 1, see
Fig. 22. When the inner part of the scion cambium is wide, a large
portion of the external tissues are involved as well: phloem, cortex, and
portions of cork. The cambia usually unite inside a large mass of this
kind. Tissues of a phellogen character are developed around the dead
parts by the phellogen present in the scion and by the ray and phloem
parenchyvma in the flap. In most cases the phloem elements in the flap
that have been in contact with the cork also become incorporated in
the dead tissues, and thus become isolated from the organism.

When the stock flap is loosened from the wood at grafting, it may
happen that a large portion of the cambium adheres to the wood
surface, particularly at the innermost corner. This frequently occurs
when the cambial activity has not yet started. In such cases the cambium
follows the wood surface and turns towards the scion at point 1. Plate
XIII: 8 shows an example from a six-week-old graft. The scion cambium
at point 1 has first turned inwards to achieve contact; at point 2 it has
turned towards the flap, which contains a complete cambium united
with that of the scion at point 3. A more vigorous cambial activity in
the stock occurred in this graft only in the graft zone and contiguous
to it. In the vest of the stem there are at most only signs of initiated
differentiation in the first tracheid row of the yvear. This is shown by
a photograph of the region of the incision face (Plate XIII: 9).

It usually takes rather a long time before junctions are established
between the incision face of the stock and the scion at point 4. The
cambia are far apart, and tissues capable of division are seldom placed
exactly opposite each other. The Plates XII: 3 and 6, XIII: 4 and 9 show
examples of the mutual position of the cambia of scion and stock at
the stock incision face and the scion at point 4 in different grafts. All
the photographs originate from sections 10—16 mm above the base of
the scion. When the wound tissues established on both sides have no
possibility of uniting, they develop a cover of cork layer. Growth,
however, continues in the cambial regions. At point 4 the scion is lifted
from the wood surface of the stock by its own proliferation. Callus
enters from this point between the graft components, and the same
tissue from other sources may also assist. Callus from the cambial
region of the incision face may also enter the space. Masses of callus
tissue from both sides will eventually unite. A union has thus been
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established in the eight-week-old graft shown in Plate XIII: 10, and the
cambium has entirely encircled the graft zone for a short distance. In
this case the scion has not been inserted to as great a depth as in several
of the grafts shown previously. In many grafts union at the incision
face may occur at the lower part of the graft zone where the scion has
usually been placed more superficially than at the upper part, vide
Plate XIII: 3.

The first cambial union in side slit grafts carried out according to the
method shown in Fig. 18a occurs between the cambia in the flap and
the inner part of the scion. If the flap is entirely loosened from the stock,
which is usually the case when a stock is in growth at the time of grafting,
the cambium follows the flap to begin with. It is soon broken, however,
by a meristematic strand emerging from the scion cambium at point 1.
The scion cambium at point 2 establishes direct union with the cambium
of the flap. The latter gradually develops further, and eventually
establishes connection with the cambium of the outer part of the scion
at point 3. Cambial union usually occurs at the incision face only after
a long time has passed, when extensive formation of tissues from both
sides has taken place.

7. The healing of the cut stock

After the scion has started to manifest firm union with the stock by
developing new shoots, the stock is trimmed successively. When the
growth of the scion is good, the stock is already cut back entirely
in the first summer; otherwise this is postponed until the next season.
The last piece above the scion is removed by a slanting, upward-
pointing cut. The wound surface heals in much the same way as that of
the wounds left by lopped branches. Callus masses enter from all sides
over the exposed wood surface. Some photographs will be shown here
of grafts as they appear three growing seasons after grafting (the stocks
were cut back in the second season).

Figs. 23—26 are all from the same graft. An almost radial section
through the centre of the graft is shown in Fig. 23 where only a slight
extrusion of the external tissues of the scion is visible. The next photo-
graph of a section 0.4 mm outside the previous one shows, however,
that these extruding tissues are not the ones that are going to produce
the layers covering the wood surface (Fig. 24); instead the covering
tissue originates principally from the stock itself. The next section
(Figs. 256—26) has been taken a further 0.6 mm closer to the periphery
from the upper and the lower side of the oblique surface respectively.
The callus mass on the upper side is extensive here, and the cambium
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Figs. 23—26. Healing over the cut stock of a
3-year-old Scots pine graft. Longitudinal
sections. x 22.5. The drawing shows positi-
on of photographs as seen in a cross-section.
23: No healing at all. 24: Healing tissue
originates from the stock only. 23: Most
vigorous growth from the outermost part of
the stock in contact with the scion. 26: Poor
healing at side turned away from scion.
Overvallning av det avskurna underlaget hos
3-arig tallymp. Langdsnitt. x 22,5. Skissen visar

i snittens lage i ett tvarsnitt. 23: Ingen overvall-

ning. 24: Overvallningsvavnaderna harstammar fran underlaget sjilvt. 25: Kraftigaste tillvaxten

i yttre kontaktomradet med ympkvisten. 26: Svag overvallning vid den sida som &r vand fran
vmpkvisten.




Figs. 27—28.

INGEGERD DORMLING

Healing of the cut stock of a 3-year-old Scots pine graft, somewhat more
advanced than that shown in Figs. 23-—26. x 16.5. 27: Cross-section—lateral
healing. 28: Tangential longitudinal section—complete healing.

Overvallnmg av det avskurna underlaget hos 3-drig tallymp, néagot langre kommen
4n den i fig. 23—26. x 16,5. 27: Tvéarsnitt. Overvallning i sidled. 28: Tangentiellt
langdsnitt. Fullstandlg overvallning.

in it has begun to extend. Callus tissue has started to grow over the wood
surface from the lower side of the stock facing away from the scion.
Straight opposite the latter, the healing is still very slight, but becomes
increasingly vigorous on the sides.

The sections shown in Figs. 27—28 are obtained from another graft
where the healing was slightly more advanced. Tissues from all sides

will eventually cover the entire wood surface. The cambial
edges unite, and a closed stem will be developed as shown
in Fig. 28. Fig. 27 shows a cross-section from the lateral
healing rather high up on the oblique surface.

The healing over has always appeared to be most vigo-
rous from either side of the stock (right and left as seen
from the scion) and slowest from the side facing away
from the scion. The drawing in Fig. 29 shows the progress
of the healing as seen from the outside.

Parenchyma in the wood can never participate in these
growth processes, since the few living cells that occur at
the cut surface will immediately wither and die. For the

Fig. 29. Healing of the wound surface of the cut stock.
Overvallning av sarytan hos det avskurna underlaget.
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same reason there are never any connections between tissues in the old
wood and the healing masses, which are moreover covered by an in-
sulating cork tissue themselves.

C. The terms intermediary tissue and ecallus

The term intermediary tissue (intermediires Gewebe) used for
tissues located between two graft components, was first introduced by
GOpPERT (1874). The term was accepted by OnmaxN (1908) and
Soraver (1875, 1921). The latter, however, preferred the term ‘<Kiti-
gewebe”’, bul the meaning of the word remained rather obscure. The
original term, intermediary tissue, was again used by Krenke (1933)
and in the sense of the word applied by him, adopted by Braun
(1958), as well as SEvErRova (1958), and others.

Regarding union after splice grafting of two Sorbus species, GOPPERT
wrote on p. 2 in his treatise that union was achieved by means of a
rather thick-walled parenchymatous tissue. In the second year the
annual rings in the two branches had united directly and enclosed this
cell tissue. '

Because of its connecting properties and its position, he called the
tissue “intermedifires Zellgewebe”. When he subsequently showed
intermediary lissue in his illustrations, they always referred to old grafts
and tissue seated between the originally exposed wood surfaces of the
grafts. OumaNN used the term intermediary tissue exclusively for tissues
between the two wood surfaces.

SorAUER’s definition of “Kittschicht’ is to be found in his “Hand-
buch der Pflanzenkrankheiten’ (in the 4th edition on p. 825): ““Das neu
entstehende, teils von der Unterlage, teils vom Edelreis gelieferte Gewebe,
welches die Verkittung der beiden kiinstlich verbundenen Glieder be-
wirkt, wird ‘Kittschicht’ oder, nach GOppPERT, ‘intermediires Gewebe’
gennannt.” An account of SORAUER’s concept of wound callus and
“Kittschicht”” formation in bud grafts and rind grafts was given in the
literary review (p. 7). In his account of grafting tissues located between
two exposed wood surfaces were also called ¢“Kittschicht’.

KreENKE explains on pp. 356—357 in his treatise his concept of inter-
mediary tissue. He definitely denounces the words “Kittschicht” and
callus in this connection. He might possibly accept the term primary
callus (according to his classification of callus tissues quoted below)
but he was of the opinion that the regeneration tissues developed after
grafting differ from those produced at the healing of an open wound.
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The term intermediary tissue (or ‘‘Zwischengewebe’’), however, would
indicate both its place of formation and its morphological and physio-
logical importance—it is a true intermediary stage before subsequent
differentiation.

In the preceding account of the process of union I have intentionally
avoided the word intermediary tissue or any other term that would
distinguish the new formation at the wound surfaces of grafts from those
contiguous to other wound surfaces. On the contrary, there seem to be
no fundamental differences. It has appeared that all cells, irrespective
of their origin, have the power to effect union of graft components, and
to obtain union with cells in the other graft components whatever their
origin may be. Vascular cambia as well as cork cambia may develop in
tissues of any origin. It is true, certainly, that new formations between
two graft components may assume different appearance to that of the
callus at an open wound surface. The callus tissues in grafts have a
relatively protected position against excessive drying. More tissues than
those which usually profilerate in an open wound participate in the
callus formation, e.g. the wood parenchyma and superficial cells in
the cortex. The new cells are often large and have thin walls. Differentia-
tion occurs in callus tissues independent of their position—in the
junction of a graft or in an open wound.

KrENKE states (loc. cif., p. 357) that union of two graft components
can occur not only by means of the intermediary tissue mentioned but
also by means of true callus in the periphery of the graft wounds. This
statement was apparently not founded on any of his own observations.
KrENKE worked only with herbaceous plants, and he was consequently
only rarely confronted with phellogen formations in the cortex. It is
probable, therefore, that the formation he thought to be true callus in
the periphery of the graft wounds’ was actually callus produced by the
cortex, which finally brings about a healing of a phellogen type.

HEeRrse, too, stated that no distinction could be made between callus
and what he called wound cork. I myself would prefer to define a
callus formation as a “wound cork” or a ““wound periderm” when the
divisions in it have assumed a regular pattern. A phellogen has thus
developed, and suberized products have been deposited externally.

Tissues between exposed wood surfaces did not occur in KRENKE’s
herbaceous graft material. These tissues are originally of the same
character as all other newly formed tissues at the wound surfaces. It
is only the conditions for their further development that change when
the cambia close up on the outside. They will then remain as realinter-
mediary tissues such as observed by GOPPERT.
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KreNKE defined callus as follows: “Kallus ist jede durch Wundrei-
zung hervorgerufene interorgane Bildung, die durch Wachstum und
Zellteilungen enstanden ist”’. The same author also considered all living
cells capable of participation in the formation of callus. The latter has
been found true also in respect of pine. Referring to this statement and
to what has been said above, it must be unrealistic to make a definite
distinction between tissues formed at graft wound surfaces and those
found at open wounds.

Naturally there is nothing to prevent tissues developed from the wound
surfaces of both components in a graft zone from being called inter-
mediary tissue, as long as one realizes that the formations are nothing
but an ordinary wound-healing process going on from both sides under
particularly favourable conditions, and that the intermediary tissue
could just as well also be called callus. The concept of intermediary
tissue should, however, in my opinion be limited only to such tissues
as in one way or another are formed between two exposed wood sur-
faces (cf. the next chapter).

The term callus is, no doubt, somewhat diffuse, and is used to
indicate wound-healing tissues of various kinds and at various stages
of development. KRENKE used a classification of callus tissues (loc. cit.,
p- 234). According to this classification a callus is called primary until
a cambium is formed within it. When the callus cambium has developed
derivatives, the callus is called secondary. In the primary callus an
immediate cell transformation may occur, e.g. by suberizalion and
lignification. It is then reasonable to call it a transformed primary callus.
If no regular cambium is developed in the callus, and irregular meristem-
atic elements which continue to transform are established, KRENKE
calls this differentiated primary callus. KRENKE himself considers this
classification directly applicable to “intermediary tissue”.

The first formations at the wound surfaces of grafts should un-
doubtedly be called primary callus. When cambia start to develop within
these formations, they advance towards the secondary stage. In rapidly
healing grafts one finds nothing but primary callus, which first produces
the parenchyma union and then the cambial union. As soon as the
cambial junction has been achieved one can no longer speak of callus
tissue in this context. The formations which heal the cut stock must be
regarded as entirely secondary. In accordance with SorauER, it would
be better to speak of healing edges (‘‘Uberwallungsrinder’”). When
primary callus formations at the cut surfaces of the two components do
not unite with each other very rapidly, the divisions some distance
inside the surface of this tissue assume a phellogen character. The

5—313381
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cambium from the unwounded part advances into the callus, which
then passes into the secondary stage. The callus cells on the outside
of the phellogen are suberized, and may be called “‘transformed primary
callus”. In the tissues enclosed between the wood surfaces of the graft
components, immediate cell transformations (transformed primary
callus) occur, as well as irregular meristematic elements (differentiated
primary callus). Also secondary callus is sometimes present: vascular
nodules may be formed and cambia which have first turned in between
the wood surfaces may be cut off by the fusion of cambia outside the
wood surfaces (cf. next chapter).

D. Tissues between the wood surfaces of the graft components

In the following all tissues which are established in one way or another
between the cut or exposed wood surfaces (on the scion side also the
cut pith) will be called infermediary tissues. The term will apply here
only to the special position of the tissues.

Often there is already a minute space between the wood surfaces
from the outset. It is not necessary for a successful grafting that this gap
should be filled with cells, as is shown by the six-month-old graft in
Plate VI: 11. Indeed, the case is often the reverse, in that a very rapid
healing often results in a lack of tissues between the wood surfaces. Nor
is it necessary that there should be an initially large space for the
development of tissues, since very strong proliferation may force them
apart. If the surfaces are pressed firmly against each other, however,
the development of cells will be inhibited.

It has appeared in an earlier connection that the intermediary tissue
can develop from parenchyma in the wood of bhoth components, from
exposed pith in the scion, from cut leaf and branch traces, and from
tissues seated outside the wood eylinder. The cells which intrude from
various directions into the space between the wood surfaces seldom
achieve complete union with each other. Remnants of the contact
layers mostly appear here and there (cf. Plate IX: 4 and 7). The callus
masses developing from various points cover their surfaces with thin
cork layers, as will be seen in Plate VI: 10. The intermediary tissues
naturally cannot establish any true junctions with the exposed wood
surfaces, but their cells sometimes adhere closely to the wood and fill
in the cut tracheids. Generally, however, the intermediary tissues
develop thin cork layers on the surfaces adjacent to the wood. These
layers are only broken in places where the wood parenchyma has
participated in the formation of callus. After the cambia have closed
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on both sides, the intermediary tissue may retain parenchymatous con-
nections with the tissues on the outside through rays in the newly
formed wood.

Most of the cells in the intermediary tissue do not retain their strictly
undifferentiated form for any appreciable length of time. The surface
cells are suberized, as mentioned. above; many others soon lose their
living contents, and their walls lignify, but do not assume a tracheid
character. Others which remain alive are incrusted with tannin, but a
few in common with the ray cells, may long retain an unchanged
character. It also happens that callus cells assume a more or less
tracheidal appearance although they have no contact with any meri-
stematic zone. The cells which are seated far outin contact with the rays
of the new wood, stay alive longest. Plate IX: 7 shows intermediary
tissue from a three-year-old graft. Most of the cells are dead, but a
few, mainly at the outer margins, are still alive.

Not infrequently cambial strands occur in the intermediary tissues
without having any connection with the cambium on the outside.
Regions in which the meristematic activity continues may in cross-
sections assume the appearance of islets surrounded by dying and
tannin containing tissues. A region of this kind may be seen in the
middle of the intermediary tissue in Plate IX: 4. Sections immediately
above and below that in Plate IX: 4 show several cell divisions in the
region. Plate IX: 5 and 6 are obtained from the same graft. The section
in Plate IX: 6 is approximately 13 mm above that shown in Plate IX: 4,
and the section in Plate IX: 5 is situated between the two. In the inter-
mediary tissue in Plate 1X: 5 only a few cells with living contents are
left, mainly at the edges, and in contact with some rays at the wood
surfaces. The section in Plate IX: 6 is passing through another meri-
stematic centre in the intermediary tissue, which centre is not connected
with that shown in Plate 1X:4. A number of tracheids have been
differentiated.

Several meristematic centres may occur close to each other in the
intermediary tissue (cf. Plate IX: 8). The cells in the nodule-like forma-
tions are extended and bent, but entirely closed circles are rarely seen.
A remarkable fact about these structures is that the xylem is always
seated on the outside of the cambium, and the phloem inside. Differen-
tiation of xylem elements continues as long as space is available, but
the formation of new tissues on the phloem side gradually decreases,
and the existing sieve cells are compressed.

These formations in the intermediary tissues cannot be regarded as
synonymous with the nodules (‘‘sfdroblasts” according to LAGERBERG
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1943) that occasionally appear in the outer parts of the stem. In this
case the meristem is established as a ring, but an entirely closed ring
with phloem on its outside. More accurately it is a sphere, since the
formation is round like a ball (¢f. LAGERBERG). A broken leaf or branch
trace may constitute the centre around which the formation starts. The
nodule may continue its growth for a long time—aslong as the surround-
ing cells are able to supply water and nourishment. Plate IX: 10 shows
a section through the centre of a nodule obtained from a one-year-old
veneer graft. The nodule occurred in the uppermost part of the stock
flap, which was shaped as in Fig. 17b, and was completely united with
the scion. Measurements have shown it to be nearly spherical. This
structure, as well as the formations in the intermediary tissues men-
tioned earlier, all lack connection with the cambium of the stem or its
vascular elements. They are consequently entirely dependent on the
surrounding parenchyma for their supply of water and nutrients.

Cambia between the wood surfaces of the graft components may
become isolated by the cambium of one component turning into the
space between the wood surfaces and subsequently establishing junction
with the cambium of the counterpart—mnot with its end, however, which
lies between the wood surfaces, but at a place further outwards. The
cambium part thus cut off from outward connection continues to grow
as far as space permits, and it may also spread downwards and up-
wards in the intermediary tissue. Plate IX: 11 shows how a cambium
emerging from the stock has been intercepted by the union of an outer
part of this cambium with that of the scion. How large a part of the
xylem in the intermediary tissue has developed after the union on the
outside can be clearly distinguished. The position of the stock cambium
at the time of union with the cambium of the scion is marked with
arrows. The pith of the scion has been compressed to make room for
the expanding tissues. Approximately one mm further down, the stele
in the intermediary tissue is entirely isolated from the vascular tissues
on the outside (Plate IX:12). The cambium has developed an arch,
with the small phloem part turned inwards.

No cambial strands have yet been developed in the intermediary
tissues of the 15-week-old graft shown in Plate VI: 10, but the division
activity is vigorous in the three clearly separated callus formations. The
cambium from the scion on the left side in the photograph has first
started to expand inwards and then bends outwards in order to meet
the advancing stock cambium. There has been no union at all higher
up on this side, and the entire cambium developing from the scion
enters between the wood surfaces. When cambia of both the graft
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components have finally united, some cambial tissue will definitely
remain inside and become isolated in the same way as described above.
In the two other parts of the intermediary tissue, cambia would probably
have developed spontaneously.

Needless to say, one has also to consider the possibility that some of
the spontaneously developed cambia in the intermediary tissue may
establish union with the cambium of either component, even though no
direct evidence to this effect has been found in this material. After such
a junction has been established, it would not differ in appearance from
a cambium turning inwards from the outside. There is certainly no
fundamental difference between the cambia developed spontaneously in
the intermediary tissue and those from the exposed cambial edges.
Thus the union between the cambia of two graft components through
a callus mass need not necessarily be achieved solely by the advance-
ment of the cambial edges; it can also be established by the participa-
tion of cambia developed in the callus.

In side slit grafts the intermediary tissues often reach a great volume.
The callus originates mainly from the innermost corner and the outer
part of the scion (point 4 according to Fig. 21), but parenchyma and
less differentiated cambial derivatives on the wood surface of the stock,
as well as wood parenchyma in the scion, may participate. The tissues
continue to expand, thus forcing the scion away from the stock until a
union between cambia from point 4 and the incision face is achieved
(Plate XIII: 10). When the pith of the scion has been cut through in the
part turned towards the wood side, its callus formation is often con-
siderable, as is also that from the rays in the stock situated straight
opposite.

The longevity of the intermediary tissues is highly variable, and
depends on the completeness of the connections with the tissues on the
outside. The cells seated at the extreme edges of the intermediary tissue
and connected with rays in the wood in the union zone, should have the
same possibility of continuing living as the cells of the pith, which are
fairly long-lived in pine. The isolated cambia remain active as long
as the space and the supply of water and nutrients permit. For how
long a time after grafting living cells may be found has not been estab-
lished, since the oldest grafts examined were only three years old.

E. Some observations on the shapicg and fitting of the graft components

Two methods of cutting the stock flap of veneer side grafts are shown
in Figs. 3—7 and 17. In the case where the flap is shaped with an up-
ward cut, the resultant wound surface will not be covered by the scion,
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and wood will adhere to the entire flap. When the flap is cut according
to the other method, the wound surface will be turned inwards and
placed against that of the scion. There will be no wood to prevent a
good union between the flap and the scion. The drawings shown in
Figs. 30—31 present the original status as appearing in cross-sections at
various levels.

When the flap is cut as in Fig. 30, union between it and the scion
can only occur on the sides (Fig. 30d), since the wood in the flap
forms an obstruction elsewhere (¢f. Plate X: 1 and 2, which are ob-
tained from the centre and the edge respectively of such a graft). The
cambial edge of the scion will not remain passive, however, if it fails
to achieve contact with the cambium of the stock, neither will the
cambium of the stock flap. On the contrary, the cells of these cambia
seem to be stimulated by such failure. Plate X: 3 shows a longitudinal
section through the centre of a three-vear-old graft where the original
situation was as illustrated in Fig. 30. The tissues of the scion have
grown enormously, and the tracheids are extended laterally towards
the junctions on the sides—in the present section they have been cross-
cut. The flap has been forced into an increasingly horizontal position,
and its cambium has been very active. After one or more years of growth
the cambial edges may possibly have united outside the wood that now
separates them. An already large knot on the stem would have reached
considerable dimensions by that time. Plate X: 4 shows a cross-section
from graft contemporary in age with a flap cut in the same way. The
section passes straight through the horizontally extruded wood in the
flap. Tissues from the side penetrate where the wood of the scion has
been cut, while higher up, the intact scion cambium is advancing
outwards. The old wood in the flap may be either forced out by the
growth, or more likely embedded. When the wood part of the flap
is so large as to make even lateral junctions difficult, the picture may
become more complicated. The cambium of the scion may bend out-
ward-upwards along the flap (cf. Plate IX: 14 showing a section through

Figs. 30—31. Sections of lower part of veneer gratts showing relations between cambia of
scion and stock flap when the latter is shaped with an upward cut and a
downward cut respectively (just grafted, simplified). a: Radial section, cf.
Fig. 17. b—d: Cross sections at the levels marked in a. 30: Wood adheres
to flap at all points only lateral unions possible (d). 31: Parenchyma union
may be established along the whole flap. Cambia may unite completely.
Snitt genom nederdelen av liggympar visande relationerna mellan kambierna i
ympkvisten och underlagsfliken, da den senare tillskurits med uppdatriktat resp.
nedatriktat snitt (utgangsliaget, schematiserat). a: Radiara snitt, jfr fig. 17. b—d:
Tvarsnitt p4 olika nivder markerade i a. 30: Ved ut igenom hela fliken. Samman-
viaxning mojlig endast i sidled (d). 31: Parenkymférening kan ske utefter hela
fliken och kambieférening kan ske utan komplikationer.
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the centre of a 4!/,-months-old graft). Unioncan be achieved atthe edges
in two ways, and the same graft can be used to exemplify both. On one
side the cambium both of the stock flap and the scion have grown
laterally (that of the scion has first curved upwards and then united
outside the old wood, Plate IX:13). On the other side the cambia
have united above the wood of the flap (Plate IX:15). The general
direction of the cells has become extremely complex here, and it would
have taken a long time before the cambial activity assumed a normal
course of growth. ‘

Complications of this kind are seldom found in grafts where the flap
is cut according to the second method. As the drawings in Fig. 31 show,
tissues capable of proliferation are meeting at each level, and cambial
unions are usually established as easily as in the graft shown in Plate
X:5. It may happen, however, that the union does not immediately
become complete on both sides as in the graft in Plate VIII: 3. This may
also be the case when the stock flap is cut with an upward stroke, but
it is somewhat more common when the flap is cut as in Fig. 31, the
reason being that it is not so firmly pressed against the scion as in the
first case. If the flap is made with an upward cut, it has a certain flexi-
bility due to the wood sliver, which acts like a spring in pressing to-
gether the scion and the stock. If the flap has been made with a down-
ward cut, however, the surfaces of the scion and the stock {fit together
better; the flexibility given by the wood sliver can be compensated for
by a firm and steady binding.

The heavier growth of the stock cambium in relation to the weaker
growth in the scion during the period shortly after grafting has been
discussed on p. 49. The cambium of the stock frequently outgrows that
of the scion if the cambia are fitted accurately from the outset. The
position of the cambia of veneer grafts immediately after grafting, and
their mutual position after 3 or 4 weeks, are shown in the drawings
in Fig. 32. One might therefore conclude that it would be better to have
a scion that is bigger than the stock, or at least to make the cut in the
scion wider than the cut in the stock. With the material usually available
this is impossible if the grafting is to be done at the lower part of the
stock.

In side slit grafts, the most complex step in the healing process has
proved to be the union between the scion at point 4 and the incision
face of the stock. The surfaces are seldom placed so that they cover
each other completely or even partly. When the incision into the stock
is nearly radial, as was the case in the grafts investigated, the exposed
wood surface and the incision face are nearly perpendicular to each
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Fig. 32. Simplified illustrations of the cambial growth in veneer side grafts. Cross

sections.

a—b. Large stock, small scion.

a. A common situation when just grafted, the cambia matched on one side,
the cambium of the scion inside that of the stock on the other side.

b. After about three weeks. The cambium of the stock, growing faster, has
left that of the scion behind on the upper side. On the lower side vigorous
development of callus—the graft components have been pushed apart.
Cork cambia united on the upper side.

c—d. Stock and scion rather equal in size. .

c. Ideal situation. The cambium of the scion outside that of the stock on
both sides.

d. After about three weeks. Opposing cambia ready to unite. Cork cambia

united.

Key to signs on page 135.

Schematiska illustrationer av kambietillvixten hos laggympar. Tvirsnitt.

a—Db.

a.

b.

c—d.

c.
d.

Grovt underlag, klen ympkvist.

Vanligt utgangslage hos nyympad planta — kambierna sammanpassade i en sida,
ympkvistens kambium innanfor underlagets i den andra.

Efter ca tre veckor. Kambiet hos underlaget vixer starkare, har vuxit ifrin ymp-
kvistens i den ovre sidan. I den undre kraftig kallusutveckling — ympkomponen-
terna skjuts fran varandra., Korkkambier forenade i dvre sidan.

Underlag och ympkvist av ungefiar samma grovlek.

Idealiskt utgangslage, Ympkvistens kambium utanfér underlagets i bada sidorna.
Efter ?ja tre veckor. Kambierna mitt f6r varandra redo att forenas. Korkkambier
forenade.

Teckenforklaring pd sid. 135.
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other. The scion is mostly inserted in its entirety inside the incision face.
There are only the dead tissues of the outer bark facing the latter, and
the cambia to be united will be kept far apart (¢f. Fig. 18a). In order
to obtain improved cambial agreement, it would be better to make a
tangential incision in the stock, as shown in Fig. 18b. (The reason for
the scion in Fig. 18b being inserted from the opposite side in relation to
Fig. 18a is that the grafting in the two cases has been performed from
different working positions, compare Figs. 10—11 with Figs. 12—14.
The mode of operation is, of course, in principle of no importance for
the shaping of the cut.) The contact surfaces fitted at the incision face
after a tangential incision would correspond to those of a veneer side
graft. Plate XIII: 11 and 12 show examples of union under such
circumstances. In hoth cases the junction at the incision face (the lower
part of the section) is very good.



VI. Norway spruce
A. General

As already mentioned in the chapter on ‘‘Material and methods”,
the results of union in spruce grafts performed for the present investiga-
tion were not so good as those obtained with pine. In the first series
of 1959, six out of ten remaining grafts were dead at the time of trans-
ferring out of doors. Only one of the four surviving grafts had developed
a shoot, and the other three had only the green needles from the year
before. The other series was more successful. The four grafts that had
not been fixed were all alive, three of them, however, carrying only
last vear’s green needles. Both series were comprised of veneer side
grafts, the flaps of which were cut as shown in Figs. 3—5 and Fig. 31.

In addition to the series mentioned above a few side slit grafts from
the spring of 1960 have been investigated. They had been executed
according to the method demonstrated in Figs. 12—14 and Fig. 18b.
Parallel with the series of 1939, some side slit grafts were also per-
formed according to the method in Figs. 10—11 and Fig. 18a, although
with negative results.

B. The normal course of union
1. Insulating dead tissues on the cut surfaces of the scion and the stock

As in pine grafts, contact layers develop over all the cut surfaces of
spruce grafts containing living tissues. However, they can never be
distinguished in the parenchymatous tissues in the wood of spruce (the
ray cells, the epithelial cells of the resin ducts, and the cells of the leaf
gaps), since they have a more firm, lignified wall structure. The pith,
too, remains entirely passive. Some of the large, thin-walled cells
subsequently collapse, but the pith cells do not participate at all in
the callus formation, and for that reason the dead tissues cannot be
regarded as an insulation layer. In the cortex, phloem and cambium,
the picture is largely the same in both the species. Plate XIV: 5 shows
an example of the formation of a contact layer.
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2. Cell enlargement and the first cell divisions

The most active cells adjacent to the wound surfaces soon begin to
enlarge. Plate XIV:1 from a two-day-old graft shows expanded ray
cells in the stock flap and enlarged epithelial cells in a severed resin
duct in the cortex of the scion.

The first cell divisions follow immediately. They occur at about the
same time in the rays outside the xylem, the resin ducts in the cortex,
and in the ordinary cortex cells (¢f. Plate XIV:2—4, which shows
examples of cell divisions in the scion of a four-day-old graft). Quite
considerable callus masses may have developed after a further couple
of days, as in the six-day-old graft shown in Plate XIV: 5. There the
stock has been most active, particularly the rays that have been severed
in the phloem. Some phloem parenchyma cells have also participated.
A resin duct immediately inside the wound surface in the scion has been
entirely filled up with cells, and some divisions have occurred in the
external cortex. Higher up, the cell division activity was considerable
also in the scion.

The epithelial cells of the resin ducts in the cortex of the scion react
intensively. Some days later the ducts opened by the graft cut have
been closed again by cells that have enlarged and divided. The stimulus
is transmitted upwards in the ducts. A resin duct of a scion which
was studied four days after grafting, had been severed in the extreme
lower end of the scion. The duct was entirely filled up to 1 cm above the
cut, and at this point cells were dividing. A few centimetres higher up,
effects of the graft cut in the form of enlarged epithelial cells could be
observed.

The examples shown indicate that the scions react at least as quickly
as the stocks, often even more rapidly. In the four-day-old graft from
which some of the photographs discussed above have been obtained,
dividing cells were observed in the scion only. Enlarged cells and cell
groups were found here and there in the stock.

No divisions in cells of the rays or resin ducts of completely differen-
tiated wood have been observed in spruce. There is thus an essential
difference here between spruceé and pine. In the latter species vigorous
callus formation frequently occurs from wood and pith parenchyma.
The fact that no proliferation can occur in spruce depends in all prob-
ability on the structure of the tissues concerned, which has been
described in chapter IV: a and b. The parenchymatous ray cells cannot
contribute to callus formation in spite of their living contents. The
heavily thickened cell walls constitute a directly visible obstacle. When
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the graft cut has been shallow, so that the wood is exposed at the
cambial region, no callus will be formed even from this exposed wood
surface (see Plate XIV:9).

However, the thickening of the walls in the ray parenchyma does not
proceed as rapidly as in the surrounding tracheids. If the stocks have
been so far advanced before grafting that their cambia have been
active for some time, it may happen that solitary ray cells in newly
formed xylem enlarge and start dividing (cf. Plate XIV: 6). Taken as a
whole, however, this is of minor importance.

The pith of the scion does not either show any sign of cell division
when it is severed. The number of thin-walled living cells in it is low.
These cells do not become activated for division even when proliferat-
ing tissues in the stock have been seated close to the pith; the callus
masses from the counterpart intrude and compress the pith cells (cf.
Plate XIV: 8). In old grafts it is quite usual to find the pith shrivelled
and mutilated (if it has been cut in the grafting), particularly when the
union fails to become complete fairly soon after grafting (cf. Plate
XV: 7).

As in pine, all the cells of the cambial region may participate in the
formation of callus. However, the change in the mode of cell division

Table 1. Intensity of cell division in different tissues of grafts of Scots pine and
Norway spruce.

Tissue Pine Spruce
Periderm. . ...t i i e e - —_—
Cortex, ground tissue. . .........coiiiiiiii i, + 4 f* + b
Cortex, resin ducts. .......cvuvuvineiirenrinninennns B s o ool B e S
Phloem, rays vt it e s + 4 * B ke o
Phloem, vertical parenchyma.......................... ¥ 4Rk
Phloem, completely differentiated sieve cells............ — -
Cambial region, rays. . ..o vuiiiii it o -+t
Cambial region, other undifferentiated or incompletely dif-

ferentiated cells........ ..ot o+ - 4+

Kylem, TaYS. oottt i e e e s -+ —(-+)
Xylem, resin ducts. . ... .oviir i -+ —
Xylem, completely differentiated tracheids............. — —
Pith, leaf and branch gaps......... ... ... ... .. ool + - —

*Tissues influenced by leaf and branch traces show greater activity than others.
-~ + - -+ very high intensity of cell division
+- -+~ high intensity of cell division

e intensity of cell division varies, in pith, leaf and branch gaps of pine divisions
occur at an early stage, otherwise not until neighbouring tissues have started to
divide.

-+ divisions in variable amount can occur but often fail to appear.

(+) when late gratfted, ray cells in the newly formed xylem may divide

_ no divisions
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described on p. 39 has to take place first. The most extensive prolifera-
tion takes place, at least in the beginning, from rays and other paren-
chymatous tissues outside the cambium.

Table 1 shows a comparison of the cell division intensity in various
tissues of Scots pine and Norway spruce.

The youngest side slit graft investigated was 17 days old. The photo-
graph in Plate XVI: 9 of this graft shows a remarkably weak activity
in both the stock and the scion (cf. the equally old pine graft in Plate
XII: 6). In all investigated samples of spruce the space in the innermost
corner was considerable. This is a consequence of the low tissue
flexibility both of the stock bark and of the scion. No divisions have
occurred in the bark flap of the graft shown in Plate XVI: 9. The tend-
ency to form callus from the bark flap varied widely in the grafts
studied. It appears as if thick bark has greater power toproliferate—the
small number of specimens investigated, however, does not allow of any
definite conclusions on this point. The air-filled space in the corner
undoubtedly causes some drying of the flap tissue, which is perhaps of
minor importance when the bark is thick. When cell divisions occur in
the flap, allthe living cells participate in the manner described above for
pine. No callus formation has been observed from the wood side of
the grafts. The incision face, and the part of the scion that covers it,
are entirely on a par with the wound surfaces of a veneer side graft.

3. Phellogen formation

The development of periderm over the wound surfaces in the cortex
proceeds largely in the same manner in spruce as it does in pine. In
spruce, however, the first divisions, with only a few exceptions, occur
some distance inside the wound surfaces. The greatly enlarged cells
that are common in pine when a leaf trace is present contiguous to, or
immediately inside the wound surface (p. 41), are never found in spruce.

Complete union of cortex-derived cells has been established on the
left side of the 16-day-old graft shown in Plate XIV: 8. New phellogen
is developing (at present most visibly in the stock). Well developed
phellogen occurs in the 18-day-old graft in Plate XIV: 9 over the wound
surfaces of both stock and scion, and the union between them is
complete. The divisions creating the phellogen start far inside the edge
of the wound surfaces when these are exposed and do not cover each
other. The left part of Plate XIV: 9 shows how phellogen in the stock
has been formed by callus originating from rays in the phloem. Large
parts of old phloem are now located outside the phellogen.
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4. Further callus formation and the union between parenchymatous tissues

The importance of leaf and branch traces for the formation of callus
as discussed in the corresponding chapter on pine, applies equally to
spruce. The leaf traces in the scion are numerous. Several of them will
in each graft be so placed in relation to the cut surfaces that they will
exert influence on the formation of callus and the union. Some of the
first parenchyma unions observed have apparently occurred through
the influence of a leaf trace (c¢f. Plate XVI: 7 from a ten-day-old graft).
The callus formation initiated by the leaf and branch traces of spruce
never assumes any complicated forms; there are never any large
“inflated’” cells as in pine (c¢f. Plate V: 8). The role played by the leaf
and branch traces in the final union of grafts is possibly even greater
in spruce than in pine. This will be discussed more comprehensively
in a later chapter.

As in the case of veneer grafts on pine, the first parenchyma unions
mostly occur outside the cambial region between tissues originating
from phloem rays and the cortex; 10—15 days after grafting the first
junctions have been established.

Union soon occurs between the scion and the stock flap where tissues
capable of proliferation meet. In the contact zone between the scion
and the stock flap, the callus development was in most grafts more
vigorous in the scion than in the stock. Plate XIV: 7 shows a tangential
section through the phloem of the scion of an eleven-day-old graft
where the phloem is in contact with the stock flap. Vigorous new forma-
tion from the rays in the scion can be observed, whereas the stock is
almost passive. The graft in Plate XV: 1 is twice as old. It shows a
complete union between callus tissues over the entire line, from which
it is clear that the scion has produced the major portion of the callus,
particularly in the outer parts.

It appears that it is more difficult to obtain a good fit between scion
and stock with spruce than it is with pine. The spruce scions are
mostly much thinner than the stocks. It is especially the parts between
the wood and the periderm which are capable of proliferation and they
are essentially smaller in the scions than in the stocks (cf. the width
of the bark of the scions and stocks in Plates XIV: 8, 9, and XV: 9).
In grafting one always endeavours to fit together the cambia at least on
one side. In the grafts studied, however, it is mostly the outer edges
that have been fitted together, with the result that the cambium of the
scion projects outside that of the stock on one side, and is far inside
on the other, frequently so far inside that tissues capable of prolifera-
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tion do not meet (cf. Plate XV: 9). Parenchyma union has occurred
rapidly on the left side of this graft, and vascular coalescence has also
been established without any great difficulty. On the right side, how-
ever, large masses of callus have developed from both parts, and it is clear
that union would hardly have taken place during the first growing season.

As already mentioned, the callus development in side slit grafts is
poor. In many of the specimens investigated, the proliferation is most
extensive along the incision face and the adjoining part of the scion.
Good union is soon established there, as shown in Plate XVI: 9—11.
Some of the circumstances influencing the callus formation from the
flap are discussed on p. 78. In several side slit grafts the bark flap dies
fairly rapidly after grafting. Occasionally some cell divisions have occur-
red before then, but sometimes it withers without previous activity. Plate
XVI: 9 shows a small part of the flap in which most of the cells have
lost their living contents. The scion persists by means of the union
with the stock established at the incision face. In the graft in Plate
XVI:11 the scion has achieved junction with both the incision face and
the flap. The innermost corner, however, has still, after four weeks, not
been filled with callus. An example where proliferation has been
vigorous from the flap, however, is shown in Plate XVI: 12.

5. Union between vascular tissues

Union between vascular tissues occurs in the same way in spruce as
in pine, at least as far as the immediate junction of the cambia in the
stems of the graft components is concerned. Only a few examples,
therefore, will be given here. Plate XV:3 shows laterally extended
tracheids in the stock directed towards the newly differentiated xylem
cells of the scion. The cambial union is not yet complete. A longitudinal
section from the lower part of the same 22-day-old graft illustrates the
uniting trends occurring between the cambium of the stock flap and the
cambium in the lower, obliquely cut part of the scion (Plate XV: 2). It
will be seen how tissues from the cambial region of the latter enter
between exposed wood in the scion and some less active parts in the
stock flap (mainly non-functional phloem). Further down in the flap,
the formation of new tissues is vigorous, and some short tracheids have
been differentiated in the callus of the flap. Four weeks after grafting
the junctions may in parts have the apparance as in Plate XV: 4,
A prerequisite condition is that the cambia are well matched. The
radial section in Plate XV: 5 shows a good junction of the latter at the
flap. Such a union is possible only when the flap has been made with a
downward cut as in Fig. 31.
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The first cambial unions in side slit grafts made with a' tangential
incision in the stocks occur at the incision face, where the tissues are
closely fitted and proliferation is vigorous.

The part played by leaf and branch traces in the achievement of
vascular unions in pine grafts was mentioned on p. 49. Their importance
appears to be still greater in the grafts of spruce. In this species the leaf
traces are more numerous, and they furthermore leave the stele of the
scion at a more acute angle than in pine (¢f. p. 26 and Fig. 15). This
means that the possibility of a leaf trace ocurring close to the wound
surface is considerably greater in spruce than in pine. Unions achieved
through leaf and branch traces are most usual in cases where the cut
in the scion is relatively superficial. Plate XVI: 8 shows a union pro-
duced by a leaf trace in the scion. Junctions of this kind generally
extend some millimeters above and below the leaf trace during the
first growing season, whereafter they continue to extend more and
more.

The picture becomes more complicated when leaf traces situated far
out in the cortex of the scion produce vascular unions with the stock
(after having previously contributed to the parenchyma union). Plate
XVI:'1—6 shows a series of sections from a graft at the beginning of its
second growing season. The first photograph shows a leaf trace in the
cortex of the scion. Heavy cork formation occurs on both sides between
the graft components. The second photograph was taken 18 sections
further up (section thickness 15 1), and shows a parenchyma junction
between the components. Yet another 18 sections higher up, the leaf
trace is seated half-way between the cambia of the graft components
(Plate XVI: 3). Fifteen sections higher (Plate XVI: 4), it is seen moving
towards the cambium of the stock subsequently to be incorporated
with the vascular tissues of the latter (Plate XVI: 5 and 6, the sixth
and 13th sections respectively above the one shown in Plate XVI: 4),
This has happened within a distance in height of approximately 1.5 mm.
The distance between the cambia of the graft components at the time of
investigation varied between about 1.6 mm at the level where the leaf
trace is leaving the stele of the scion, and about 1.0 mm where the leaf
frace is incorporated with that of the stock. The more vigorous dividing
activity of the parenchyma cells around a leaf frace near a wound
surface has produced a union between the graft components at a rela-
tively early stage at the higher level. Failing this early connection, the
tissues farther down have developed periderm on their surfaces, and
the continued growth has moved the cambia apart. The meristematic
activity around the leaf trace has obviously induced the potential

6—313381



82 INGEGERD DORMLING

cambium in the leaf trace to start producing new vascular elements,
and this stimulus has been communicated to the uniting callus mass.
For a union to take place such as shown in the photographs, impulses
also from the stock must be presumed. In Plate XVI: 2, the direction
of the leaf trace already appears to be affected by the stock. The mutual
arrangement of elements in the vascular bundle of the leaf trace has
also been influenced, the trace having twisted half a turn before its
incorporation with the stele of the stock. Fig. 33 shows in principle
such a ““moving leaf trace’ as seen longitudinally. In another series of
cross-sections studied, a leaf trace has emerged straight opposite the
stock (the cut in the scion has consequently been so superficial that the
cambium remains unaffected). One can see how the phloem, mainly
seated on the exterior of the trace, and facing the stock, divided gradu-
ally, and moved over to the sides of the trace, until finally, at the
entrance into the stock, it becomes entirely reversed in relation to its
original direction.

The moving leaf traces are of a common occurrence in spruce grafts
and they have been observed even in places where a regular union of
the cambia has taken place.

C. Tissues between the wood surfaces of the graft components

When tissues occur between the wood surfaces of spruce grafts, it is
always a case of their having entered from regions outside the wood
cylinder. Thus there are never any unions between these tissues and
rays or leaf gaps at the wood surfaces (e.g. Plate XV: 8). Differentia-
tion of xylem and phloem from cambia in arches also takes place here,
but these cambia always appear to have, or have had, connection with
the cambium on the exterior. Two formations of this kind are found in
the intermediary tissues in Plate XV: 11. The uppermost formation is
that which is best developed at the level at which the photograph was
taken. It is obvious that a part of the scion cambium has been isolated
inside the union produced by a leaf trace and has bent inwards. About
one mm higher up it has connected with the outside cambium, which
then developed a narrow arch between the wood surfaces. When the
union occurs rapidly on both sides, no tissues are formed between
the wood surfaces. However, since the fitting together of graft compo-
nents, frequently differing in size, has been difficult, the union in many
grafts has not been completed on more than one side during the first
year. Tissues from both of the graft components may enter the space
from the other side and become cut off from their mother cambia
when the final union occurs (c¢f. the corresponding chapter on pine).
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Fig. 33 a and b

Fig. 33 a and b. “Moving leaf trace” in spruce graft. Longitudinal sections (outlined in
principle). a: situation just at grafting, b: drawn from the series of cross sec-
tions of a 14 months old graft presented in Plate X'VI: 1-—6. The trace describes
a bow laterally (not shown in this drawing).

a. A leaf trace of the scion cut in cortex. The cut into the stock deep, in the
present section wood borders upon the scion cortex.

b. Stock wood surface healed over. Callus formation around leaf trace of scion
has been vigorous which stimulated the adjoining tissues of the stock to
increased activity. Parenchyma union was established. The potential cambium
in the leaf trace has started to produce vascular tissues and influencing the
callus tissues outside to regular divisions and differentiation. Some kind of
stimulus has been communicated between both cambia through connecting
parenchyma. Vascular tissues have been differentiated in fixed directions
from both sides. The dotted line marks the approximate border between scion
and stock.

Key to signs on page 135.

»Vandrande bladspar» hos granymp. Lingdsnitt, schematiserat. a: utgangslaget, b:
konstruerat efter den serie tvarsnitt fran en 14 manader gammal ymp, som presenteras
i pl. XVI: 1—86. Sparet beskriver en bage i sidled, tas ej hansyn till i denna principskiss.
a. Bladspar hos ympkvisten avskuret i kortex, Snittet i underlaget djupt. Ved griansar
har till ympkvisten.

Underlagets vedyta overvallad. Kring ympkvistens bladspar har kallusbhildningen
varit livlig, vilket stimulerat intilliggande underlagsvavnader till 6kad aktivitet —
parenkymforening har etablerats. Det potentiella kambiet i bladsparet har tratt i
funktion och @ven influerat kallusviavnader utanfor till ordnad delning och differentie-
ring, Genom det sammanbindande parenkymskiktet har nagon form av stimulans
formedlats mellan de bada kambierna. Ledande vavnader har differentierats i bestamd
riktning fran bada hall. Streckade linjen markerar ungefarliga gransen mellan ymp-
kvist och underlag.

b

Teckenforklaring pa sid. 135.
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D. Some observations on the shaping and fitting of the graft components

The discussion concerning the shape of the flap of veneer side grafts
in pine (pp. 69—70)is also applicable to spruce. The existence of a large
wood sliver in the stock flap may give rise to many strange formations.
The advantage of cutting the flap downwards is clearly shown in
Plate XV: 5.

Usually it is more difficult to get a good fit between the cambia of the
stock and scion in spruce than it is in pine. Last year’s shoots are often
very slender in spruce, and are moreover enclosed in a relatively deep
layer of dead tissue which cannot contribute to callus formation.
Another difficulty which has been discussed earlier is that the bark
layer of the scion is generally thinner than that of the stock, and their
cambia will not match if the outer edges are fitted together. The cut in
a stock that is thicker in relation to the scion is moreover rather shallow,
and as the bark is cut almost tangentially, its width at the surface of
the cut is increased still further. The graft in Plate XIV: 8 shows an
example where a good fit could have been arranged by placing the
scion straight opposite the wood surface of the stock instead of seating
it on one side. If, on the other hand, the cut in the stock had penetrated
deeper into the wood, it would have been necessary to place the scion
at the side (not so far, however, that its outer edge would run parallel
to that ot the stock) in order to get a fair fit at least between the cambia
on one side. This way of cutting must be avoided, however.

The consequences of too deep an incision into the stock are shown in
Plate XV: 10, which is obtained from the lower part of a one-year-old
graft. The flap and the main part of the stock have united outside the
scion on one side, but still the cambium of the scion has not been placed
sufficiently far out on the other side to render an immediate union
possible, The xylem in the scion has had two growth periods, the second
one affer union with the stock had been obtained. It can be observed as
a false annual ring in the scion. Grafts as poorly fitted as this one
usually fail to develop.

A relatively superficial incision into the stock has consequently ap-
peared to be advantageous in the grafts investigated. (All stocks in
these grafis have been thicker than the scions.) An incision in the stock
which barely exposes the wood, or removes only a thin sliver of wood
provides a contact surface better suited to that of the scion. The spruce
stocks have not shown any tendency to proliferate from exposed wood
surfaces, not even from surfaces where the grafting knife has only peeled
off the bark close to the cambium, see Plates XIV: 9 and XV: 6. Nat-
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urally, the scion must be placed right opposite the stock as in Plate
XV: 6. There is no risk that the scion will be forced away from the stock
by abundant callus formation from an exposed cambium or from rays
in the wood. Firm binding, however, is necessary in order to prevent
lateral tissues from entering between the components and thus forcing
the scion away from the stock. Superficial cuts of this kind cannot be
recommended for pine grafts because of the vigorous proliferation
from the entire wound surface that would ensue.

A question that is often discussed is whether it is advisable to cut so
deep into the scion that the pith is exposed. This investigation does
not show any evidence that cutting through the pith would involve
great risk, particularly if a better fit between the cambia can be ob-
tained. In some cases where the buds of the scion have failed to develop,
the pith was found to have been cut through and to have shrunk. At
the same time, however, the fit of the cambia had been poor, and this
was probably the primary cause of the failure of the graft.

It is a common occurrence in spruce grafts that the scion persists
without developing any shoots during the first summer. The apical
bud of such a scion is normally dead and so too are mostly the larger
lateral buds. Scions which survive the first summer and winter in this
state occasionally develop shoots next spring from buds established
during the previous summer immediately below the dead buds, or
weak lateral buds that have grown stronger. Alternatively, and what
seems morve likely, is that these small buds had not been able to produce
any shoots last year, only new buds. In most grafts of this kind the
vascular connections have appeared to be established at a rather late
stage, and they have often been very weak. At the time of investigation
in the spring following on the grafting, some grafts contained only a few
solitary junctions produced by leaf traces. Parenchyma unions naturally
occurred over rather long distances in all the surviving grafts. Poor
fitting of the cambia mostly seems to cause the cambia to require a
longer time to effect junction, and this means in turn that the buds
receive too little water to be able to develop shoots. In the graft
shown in Plate XV:11, the fit between the cut surfaces of the scion
and the stock is very poor. On short distances there are cambial
unions, all of which are produced by leaf traces as in Plate XV: 11.
The scion has now (the second spring) developed a shoot from a
lateral bud.

The ability to develop adventitious buds is poor in spruce. It happens
quite frequently, therefore, that grafts which survive the first summer
without developing shoots have no possibility of continuing to grow
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after the first buds have died. They may persist for a few seasons by
means of the green assimilating needles they bore at the grafting.
Plate XV: 13 is obtained from a similar graft after its second summer.
A superficial cut in the stock has been matched with an all too super-
ficial cut in the scion. Only weak vascular union was established in the
first year. During the second year the union was sirengthened.

Poor fitting of graft components, however, could not have been the
cause of all the cases in which the scions persisted without developing
shoots. It appears that some frees are more difficult to propagate by
grafting than others, and their proportion of grafts on which the buds
do not burst in the first year is also larger. This may be due to the fact
that the cells in the scions from these trees have lower ability than
normal to start a division, that the buds of the scions are poorly develop-
ed, or that the scion-material has been damaged in some way before
or after collection from the mother trees. Incompatibility between
certain mother trees and the stock, i.e. too great physiological dif-
ferences, may also be a possible cause, although it is very rarely, if
ever, observed in grafts between components of the same species (cf.
BraDFORD & SitToN 1929).

Experience has shown that scion-wood of spruce from northern
Sweden is more difficult to graft successfully. The annual shoots are
usually so short that the graft cuts must be made in the two-three-
year-old parts of the twigs. Grafts of this kind are not included in the
ordinary series, but they are included in the group of grafts investig-
ated with regard to union difficulties. In the latter group there were
cases in which the cambial fit of the components appeared to be
good, but the union was still slow and incomplete, and no shoots
developed in the first summer. Plate XV: 12 is obtained from the lower
part of one of these grafts. The scion contained two annual rings at
grafting. The incomplete union can be explained as due to the fact that
the parenchyma cells of the two-year-old scions possess considerably
lower vigour and therefore have a lesser capacity for renewed division
activity than scions of ordinary one-year-old shoots. The factor of light
may perhaps also play a réle in this context—the trees in the north
develop their shoots during 24 hours of light. The transfer to the region
of Stockholm implies great differencesinrespect of the light conditions.

In the introductory chapter it was mentioned that the side slit grafts
of spruce performed according to the same method as used for the
series of pine side slit grafts, did not heal. The incisions made in the
stocks were radial, and the entire scions were placed inside the cut
surface as in Fig. 18 a. The investigations of grafts with tangential
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Fig. 34. Side slit graft. Tangential incision effecting part of the wood of the stock.
Sidsticksymp. Tangentiellt insnitt som tar med del av veden i underlaget.

incision in the stock (Fig. 18 b) have shown that the main union oc-
curred at the incision face and that proliferation has been poor else-
where. The method first used did not allow of any junctions at the inci-
sion face in the early stage, which caused the failure of the graft. For
grafting spruce, it would certainly be useful to make a tangential
incision which included also a part of the wood (¢f. Fig. 34). This
would provide a better contact surface for the scion, and the empty
space in the inner corner would be reduced.



VII. Discussion
A. Conditions initiating cell division. Callus formation
1. Growth substances

The basic mechanism initiating cell division when a plant individual
has been wounded appears to be of a very complicated nature.
HaserLANDT (1923) suggested the presence of special wound hormones
developed from the decomposition products of damaged cells. BONNER
& Encrisa (1938) and EncrisH, BoNnNER & HaacEnN Smir (1939)
proceeded on the basis of this hypothesis, and finally succeeded in
isolating from wounded tissues an active substance, a dicarbonic acid,
which they called iraumatic acid. ENxcrisH (cited by Brocu 1952) has
later isolated an additional number of dicarbonic acids which appeared
to be variably active as wound hormones. However, it has lately been
questioned strongly whether any special hormone or auxin is active in
wound healing, cf. e.g. Aubus (1959). Instead, growth substances of the
kind (indoleacetic acid and the like), which are active in all cell repro-
ductions, appear to possess a stimulative effect also on the callus forma-
tion at wound surfaces. Although many attempts to facilitate the union
of grafts by treatment with auxin have failed, Aupus mentioned some
successful experiments with apple and plum, experiments with Juni-
perus and Rhododendron conducted by KruyT, and experiments with
grapes carried out by MULLER-SToLL. In both of the last-mentioned
cases root initiation was reported to have occurred in the region of
junction as a result of the auxin treatment. Kinetin, isolated in 1955 by
MiLrEr and his co-workers, is a substance which has attracted great
interest in recent years. It has a strong influence on the cell division
activity, but only in the presence of indoleacetic acid. Skooe & MILLER
(1957) compared the effects of kinetin and indoleacetic acid in tissue
cultures inoculated with these substances. Indoleacetic acid produced
increased callus and root formation, but inhibited the shoot develop-
ment, whereas kinetin stimulated the shoot development, but produced
fewer roots. Experiments with auxin on spruce grafts have been initiat-
ed at this Institute, but no positive results have yet been obtained. The
réle of auxin in xylem differentiation will be discussed under the head-
ing “Union of vascular tissues and cambia’.
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It has long been known that the cambial growth in a stem is always
stronger close to a wound than elsewhere, ¢f. e.g. HERSE (1908). The
same author also stated that the divisions in the cambium in spring
started earlier in the proximity of wounds than in other parts of the stem.
The investigations reported here have shown that divisions in the cambia
of scions which were dormant at the time of grafting, always started
first close to the wound surfaces. The entire cambial growth was
strongest near the wound surfaces in both scion and stock. Apparently
the conduction of growth substances and, of course, nutrients to the
wound area is increased. The factors releasing the cell division at
wound surfaces are still far from fully explored.

2. Regions at the wound surfaces with superior callus formation

The present investigation has shown the initial cell division to be
most vigorous in regions which are known as storage places for nutrients
and best suited for conduction. Parenchyma cells in rays, and in leaf
and branch traces, constitute storage places for plant nufrients. The
rays that connect with leaf traces (rays emerging from leaf gaps) must
be held to be the most suitable ones for conduction, and the quantities
of nutrients stored in their cells are large. In the boundary between
cortex and phloem, where the oldest rays end, vigorous callus formation
is frequently observed, especially in rays emerging from leaf gaps.
KrenkE (1933) found that in the herbaceous plants with scattered
vascular bundles which constituted his experimental material, the most
vigorous formation of new tissue emerged from parenchyma adjacent
to vascular bundles. KaBus (1912) had already made the same observa-
tion, but did not wish to ascribe this to the nutrient conditions. HABER-
LANDT (1923) also stressed the importance of the vascular bundles for
the cell division activity, and considered that the phloem was of the
greatest importance in this context, because of its production of what
he called lepto-hormone. KRENKE showed that the entire vascular bundle,
phloem as well as xylem, has the power of inducing divisions in the
surrounding parenchymatous tissues.

The leaf and branch ftraces in conifers may be compared to the
scattered vascular bundles in certain herbs when passing through the
phloem and the cortex. The parenchyma cells surrounding them also
divide vigorously when the tissues have been wounded.

The rays maintain the lateral connections between the various parts
in the stele of the stem. From the point of view of conduction, their cells
are consequently better situated than e.g. the vertical parenchyma cells
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in the phloem. The vertical parenchyma certainly plays a part in the
production of callus, but I have never observed divisions in the vertical
parenchyma that had not been preceded by a division of the ray cells.
It would thus seem probable that the vertical parenchyma is activated
by induction from cells under division.

In most cases it is not the ray cells exposed in the functional part
of the phloem which are most apt to divide but sooner the cells of rays
that have been cut further out in the stem. The stock of the spruce
graft in Plate XIV:5 and 6 shows an example of the ray activity in
various positions. Possibly an explanation is to be found in the exten-
sion of cells associated with the normal development of the stem. The
further out in the stem a ray cell is moved by the cambial growth, the
larger is its volume and the nearer the time when it will be ready to
take partinthe formation of a new scale of periderm. The outer cells in the
rays would thus appear to possess a greater potential power of division
through wounding than is the case with the inner cells. Great activity
from the outermost parts of the rays is frequently seen in the boundary
zone between phloem and cortex. Some additional viewpoints on the
part playved by the rays in the formation of callus and phellogen will be
discussed in the following.

The epithelial cells of the vertical resin ducts in the cortex and of the
horizontal canals in the phloem have appeared to react very rapidly,
and they often develop large amounts of callus. GAuTHERET (1957)
suggested that parenchyma cells in connection with secretory canals
were less differentiated (e.g. they contained no starch) than other
parenchyma cells, which may explain their great power of dividing.
The importance of the epithelial cells of the formation of callus is
discussed in a special chapter (p. 103).

3. The mutual influence of the graft components before union

The intensity of the cell division is to some extent dependent on what
kind of cells in the counterpart adjoin a certain part of the wound
surface. The graft components seem to be able in one way or another
fo exercise some influence on each other long before any unions occur.
Camus (1949) showed that such an induction is possible, and that
active tissues in e.g. a bud (= one graft component) could induce tissues
in a counterpart to dedifferentiate and start dividing. Without this
contact, the counterpart (old parenchymatous tissues without connec-
tion with vascular elements) would certainly have remained entirely
passive. Simon (1930) followed the same line of reasoning (c¢f. p. 10
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above) when he suggested the possibility of an induction transfer
between the graft components without previous union. The formations
at the wound surfaces of the stock and the scion are consequently not
wholly influenced by the qualities and changes in their own part only,
but are highly dependent on the activity in their counterpart as well.
This is the essential difference between the healing of an open wound
and the formation of a graft union.

In normal cases divisions in the external regions of the stock cortex
start some distance inside the wound surface, c¢f. p.41. Under theinfluence
of a very active region in the scion, however, also superficial cells may
be induced to divide, cf. e.g. the spruce graft in Plate XVI: 10, where
the cortex of the stock is influenced by the aclivity around a leaf
trace in the scion.

The stocks of side slit grafts in pine do not proliferate uniformly
over the whole of their exposed wood surface, cf. p. 47. No callus at all
is formed where cut wood in the scion is in contact with the exposed
wood surface, whereas both ray cells and incompletely differentiated
xylem cells form callus when placed in contact with cut pith in the
scion. The pith cells of pine are active in callus formation and may
influence the opposite stock tissues. In places where scion wood has
been placed against the stock, most of the tender tissue on the surface
of the latter must have been destroyed. This has not been the case
opposite the pith, where the newly formed cells also have more space
to expand since the pith cells may be compressed (Plate XIII: 1). The
conditions in side slit grafts are discussed further on p. 93.

The experiments carried out by KrenNke showed that the entire
vascular bundles can affect the surrounding parenchyma. If the vascular
bundles were severed by the graft cut, however, only the parenchyma
of the phloem, but not of the xylem, would participate in forming callus.
Yet the xylem as well as the phloem are able to induce cell division in
the counterpart. No such influence from the xylem has been observed
in pine and spruce—plants with a closed wood cylinder. In pine, however,
it happens that branch traces that have been severed in the wood of
the stock, where the traces are composed of tracheids and parenchyma
only, proliferate vigorously, and are able to affect the parenchymainthe
counterpart (¢f. p. 50 and Plate VII: 5—6).

4. Callus formation from wood and pith parenchyma

Callus formation in pine also occurs from parenchymatous cells in
in the wood. Such proliferation is not found in all grafts, however, and
where it does occur, it is only rarely that all of the parenchyma tissue
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touched by the graft cut participates. It is mostly found in the stocks,
and particularly in those with vigorous growth. Multiseriate rays,
verlical resin ducts, and regions where more parenchymatous cells than
normal have developed because of some damage in the cambium,
together with branch and leaf gaps are the most common points of
origin for callus formations from the wood surfaces. This largely agrees
with the observations made by BARKER (1954) concerning prolifera-
tions from parenchyma in basswood, ¢f. p. 13 above. MERGEN (1954 a)
found that the space between the wood surfaces of grafts of young
malerial of Pinus elliotti was filled with callus mainly originating from
“medullary rays”, apparently identical with leaf gaps. The pith of the
scion is often severed, when it nearly always exhibits cell divisions.

In spruce, however, I have never observed any callus formation from
parenchyma in the wood. The major portion of the parenchyma cells of
the spruce wood exhibits heavily lignified walls.BLocu (1952), however,
stated after studies of a large number of works on the subject that
most of the living cells can be dedifferentiated even if the walls are
heavily lignified (p. 12 above). The lignified parenchyma cells in the
spruce grafls investigated have never undergone any dedifferentiation
leading to resumed division. No callus formation from the pith of
spruce has ever occurred in the material studied.

According to the findings in many previous investigations of grafts,
the woody plants differ considerably with respect to proliferation from
wood and pith parenchyma. Differences between individuals may
occur within one particular species. Thus, for instance, Sass (1932)
found no callus formation from parenchyma in the wood or the pith
in grafts of apple, but he mentioned that another research worker
(Fisk, unpubl.) had described proliferation from parenchyma in the
wood of that species.

5. Callus formation from the cambial region in veneer grafts

Bsrker (1954) suggested on the basis of his investigations thatthe
cells of the cambial region, and not the ray cells, are the most active
in the healing of wounds (¢f. p. 13 above). His investigations, however,
covered the regions of xvlem and cambium only. The investigation
reported here, as well as earlier investigations by e.g. SHARPLES &
GuN~NERY (1933), Juriaxo (1941), and MERGEN (1954 a), have shown
that rays in the phloem play a decisive réle in the healing of grafts in
several species. The callus formations which effect the first unions
between parenchyma tissues in veneer side grafts of pine and spruce,
originate with few exceptions from rays in the phloem and/or from the
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cortex. Thus the first parenchyma unions generally take place outside
the cambial region.

The contribution by the cambial region to the formation of callus is
very slight in well-matched veneer grafts. The conditions in the forma-
tion of callus from the cells of the cambial region have been discussed
on p. 39. All cells in the cambial region may contribute to the callus
formation, but the fusiform initials, and the xylem and phloem mother
cells, have to pass repeated transverse divisions before they are ready
to divide in the irregular way characteristic of primary callus. In well-
matched grafts, callus tissues originating from tissues external to the
cambium of the two components had united before this process was
completed. The new formations at the wound surfaces in the cambial
regions will therefore effect an almost immediate fusion of the vascular
tissues provided the cambia are seated so that they face each other
reasonably well. The first cells to unite in the cambial regions are
always short and isodiametric, and they consequently differ from the
normal, fusiform cambial cells.

Considerable callus formation originating from the cambial region
occurs in veneer grafts of pine and spruce only when the cambial
regions of the graft components have not been able to reach union
relatively soon in the manner described above. Several scientists
(MERGEN 1954a, Sass 1932, SHARPLES & GUNNERY 1933, JuLiano 1941),
who worked with veneer grafts or other kinds of grafts with similar
wound surfaces (tongue grafts, cleft grafts), found in several different
woody species that the cambium is less active as a callus producer
than the tissues on its exterior. Braunx (1959), however, found in
Populus that the major portion of the callus mass originated from the
cambium and the youngest parts of the phloem and the xylem.

6. Callus formation in side slit grafts

The tissues in the stocks of the side slit grafts have been exposed
in a different way. An incision is made in the bark, which is then
loosened from the wood. If the cambium is in full activity when the
operation is performed, the bark loosens in the youngest parts of the
xylem. If the cambium is dormant or less active, it may attach to the
wood, either completely or partly, which is less favorable in grafting.

Sax & Dickson (1956) produced an excellent illustration showing
how the cambium follows the bark when loosened from the wood. A
bark ring was removed from an apple tree with white wood, and re-
placed with an equally large ring from a tree with red wood. All the
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new wood formed inside the grafted bark ring was red. White wood,
however, was developed in the vertical seam, which shows that a new
cambium can be formed in a callus, mainly developed, according to
SHARPLES & GUNNERY, from the rays in the exposed wood surface.

In side slit grafts of pine, ray cells and xylem mother cells, as well as
incompletely differentiated, not yet lignified tracheids can participate in
callus formation on the wood side of the stocks. Activity first becomes
visible in the rays. In most cases it is only in the innermost corner and
straight opposite the severed pith of the scion that the tissues mentioned
above proliferate, see p. 91. On the bark flap side, too, proliferation may
occur from all living elements. On this side it is not so important which
parts of the scion are situated straight opposite the bark flap as itison
the wood side, but an obvious stimulation to increased division in the
flap may be observed in places where it is in contact with living elements
in the scion.

In side slit grafts of spruce I have not found any proliferation at all
from the wood side of the stock. As in pine, the cambial region mostly
followed the flap, but its cells appeared to have been extensively
damaged in the grafting operation. Later on the cambial region also
began to wither, probably due to the large, empty space left in the corner.
As the scion is hard, it does not conform to the wood surface of the
stock. This may be the explanation of the remarkable passivity of the
flap. A minor change in the method of grafting, which would reduce
the empty space in the corner, has been described on p. 87.

In principle I agree with the earlier research workers who contended
that all living parts of plants can start division and formation of callus
under suitable conditions. Neither in pine nor in spruce, however, have
I observed any divisions of living cells with lignified walls, or any
definite proof that tracheids that are already visibly lignified, would
be able to dedifferentiate. It is clear, however, that tracheids that have
not yet reached such an advanced stage in their differentiation as to
become lignified, are able to dedifferentiate and develop callus. These
observations agree entirely with those made by JicEr (1928). I do not
wish, however, to reject entirely the contention that dedifferentiation of
lignified cells might also be found in pine and spruce, as well as in
many other species (¢f. BLocu 1941, 1952). Sieve cells lose their power
of dividing when differentiation has proceeded so far that their nuclei
have started to degenerate, although the cells remain alive (Esau 1953,
1960).

Braun’s investigations (1958) of side slit grafts in Populus species
showed callus formation from all exposed living cells in the stock, and
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most vigorously from the wood side, where the early wood has usually
been cut through. When the cut had instead passed through last year’s
wood, however, proliferation occurred from the sides only, and union
was delayed. A method of incising the stock as used by Braun is re-
commended on p. 00 for side slit grafts in spruce. Proliferation from
the wood surface never occurs in spruce stocks whether the cut in the
wood is deep or superficial. The main concern here is to arrange the
best possible contact surface for the scion, and the smallest possible
empty space in the corner. At the same time the cambia of the scion
and the stock should be fitted together fairly well at the incision face,
cf. Fig. 34. This lastmentioned point was not observed by Braun,
but it is probably not so important in Populus, where unions are always
preceded by vigorous callus development and growth in the stock,
while the scion remains almost passive. This leads to a change in the
mutual position of the graft components. In spruce, where the callus
formation is rather moderate in both the components, is it necessary
to fit the cambia together fairly well. The cambium of the scion may be
placed slightly outside that of the stock so as to compensate for the
more vigorous growth of the stock, but never as far outside as shown
in Braun’s drawings of Populus grafts.

The description given by Buck (1953) of the callus formation in rose
bud grafts is no different to the conditions I have found in side slit
grafts of pine, except for the fact that the cambium of pine mostly
follows the flap without suffering much damage. This, however, does
not imply that the cambium will continue ifs division activity unchanged.
According to the conditions present some parts of the cambium may
be suppressed, while other parts continue their cambial growth pattern.
Cambial unions with the scion can be achieved by differentiation of
new cambial strands through the callus tissues in the corner. An excel-
lent illustration of this development will be found in a series of sections
(Plate XIII: 3—7) from a graft describedon pp. 57—59. See also Fig. 22.

It was mentioned on p. 40 that it is fairly common for divisions to
occur in side slit grafts of pine some distance inside the wound surface
in the flap. This means that the cells from the cambial region that
adhered to the flap when this was severed from the wood, have died as a
result of damage received in the grafting operation or from shrivelling
on account of an insufficient supply of water. Ray cells and vertical
parenchyma cells in the nonfunctional phloem may give rise to con-
siderable amounts of callus in the flap (c¢f. Plate XII: 5). When phellogen
is formed in the phloem of old stems, it proceeds in the same way.
The remarkable thing about these divisions in the flap is that the rays,
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he cells of which undergo divisions, lack any connections inwardly
with the functional phloem, cambium, and xylem. If the flap attains
junction with the outer part of the scion (point 3 according to Fig. 21),
cambium from the scion may spread through the newly formed tissues.
The section in Plate XIII: 3 shows an example of this. There was no
junction some millimeter higher up in the same graft (above the branch
trace in the scion) and the phellogen was intact right through to the
pith of the scion, where callus masses from both components were
united.

This course of events in the flap may provide some further elucida-
tion of the part played by the rays in the formation of callus in the
phloem. Here the rays lack any connections whatsoever with the cam-
bium and vascular tissues, but they are still able to proliferate. The
vertical parenchyma also participates, but the rays apparently react
first (p. 90). These cells can hardly be said to be well placed from a
point of view of conduction. Some water and nutrient must be assumed
to be conducted through the parenchyma cells. This is, inter alia, a
pre-condition for the life and growth of the nodules that occasionally
occur in the outer parts of the stems (p. 68). In bark flaps, the outer parts
of which have no junctions with the scion over long distances, lateral
conduction through the parenchyma must be assumed a prerequisite,
to prevent the flap from shrivelling. This often occurs in pine whereas
in spruce the flap dies if no union has been established at an early
stage. Tissues which continue to live, are always bordered on the exterior
by periderm developed from phellogen originating in the cortex and
phloem parenchyma.

7. The intensity of callus formation in the two graft components. Parenchyma
unions

Previous investigations of graft unions have shown differences in the
species in respect not only of the tissues in the graft components that
may contribute to the callus formation, but also in the extent of the cell
divisions in both the graft components, and in the mode of union
induction (cf. literature review). In pine and spruce, divisions at the
wound surfaces start almost simultaneously in both scion and stock
after 3 or 4 days, sometimes even earlier in the scion than in the
stock, eventhough the latter component had been growing at the time of
grafting, whereas the scion was still dormant. Generally, however, it is
the stock that produces the largest quantities of callus, but the scions
may be very active within limited areas (when leaf fraces adjoin the
wound surfaces). It also happens that the scions produce very large
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amounts of callus, after the first parenchyma junctions with the stock
have been established.

It has repeatedly been stressed by Braun (1958, 1959, 1961, 1962 a)
that the first parenchyma unions are effected by activity in the stock
only. In grafts of pine and spruce, however, the unions are obviously
established by reciprocal activity, but in occasional cuts a superior
activity in one graft component may give the impression of its being the
sole source of union in the area. It must also be regarded as having
been proved that active tissues on one of the graft components may stir
the other component to an activity that would not occur otherwise. The
influence on the stock of the activity around the leaf traces in the scions
is most clearly noticeable. The generally rather great activity in thestocks
may influence the scions, provided the contact layers on the surfaces
of the graft components are not too heavy.

Braun (1958, 1959) stressed the great importance of the pressure for
the union of two graft components. In the Populus grafts he investigated,
increased pressure between the components was developed by a vigor-
ous formation of callus almost exclusively from the stock. The union
developed only when the pressure grew sufficiently strong. In grafts of
Scots pine and Norway spruce, however, union is usually established
after only a few cell divisions on both sides. There is no great increase
in the pressure in such cases, but a pre-condition is that tissues capable
of proliferation have been closely fitted together and that the graft has
been tied firmly. The relatively early unions between the stock flap
and the scion often found in grafts of pine and spruce are certainly a
result of the flap being forced outwards by the scion, which has caused
them to become pressed closely together.

Where tissues capable of proliferation have not been fitted together
at grafting, or where the binding of the graft has been unsatisfactory,
large masses of tissue are gradually formed from both the stock and the
scion (from the latter, however, only provided junction with the stock
has taken place in other places in the graft zone). A pressure greater
than that obtaining at the early unions is required for these tissues to
unite, since their surfaces are coated with heavy corklayers. Independent
of pressure and position in relation to the counterpart, vigorous formation
of callus at an early stage may occur in specially active areas in both
the graft components, cf. above. This callus effects a rapid union, if the
graft components are well matched and securely ftied.

Eight to fen days after grafting the first parenchymatous unions
may be expected to have been established in well matched and firmly
tied grafts of Scots pine. The healing in Norway spruce is usually

7—313381
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somewhat slower. Fifteen days after grafting there are parenchymatous
unions in all the greenhouse grafts that have any prospects of develop-
ing further.

B. Phellogen formation

The formation of phellogen at a wound surface may be preceded by
a vigorous development of callus composed of large, irregular cells, a
layer of which some distance inside the surface starts to divide regularly,
producing tissues characteristic of a periderm. The cell divisions may
also proceed from the beginning according to a regular pattern (often,
however, with the exception of the very first division, regarding which
see below). This is usually the case when divisions start some distance
inside the wound. The new formations then assume entirely the same
character as that of the phellogens which would have been established
in these tissues a few years later. (The normal development of new
phellogens is described on p. 27.)

It has often been stressed that the first divisions in a wound meristem
always occur parallel to the wound surface (cf. e.g. BLocn 1941, 1952).
The very first divisions in the cortex, especially in pine (c¢f. p. 42),
however, have appeared to occur without any such predetermined
direction. When divisions start superficially, an irregular cell mass is
often formed in which divisions may occur in all directions. The first
divisions in rays often proceed with the new cell walls perpendicular to
the direction of the ray; in the cambial regions the fusiform cells first
divide transversally, the new cell walls running fairly perpendicular to
the wound surface. In those regions, however, where the first divisions
have not been able to achieve union between the graft components, the
divisions soon assume a regular character, and the newly formed cells
will be arranged in rows. Divisions take place according to the same
pattern as in a phellogen, but mostly more rows of cells are produced
than in an ordinary phellogen. Brocu (1952) also pointed out the
similarities between the cell arrangement in periderm and wound
tissues, and that the cell walls in both cases were often positioned
straight opposite each other, so that four cell walls met at one point.

The similarities that have been observed between normal phellogens
and periderms on the one hand, and wound phellogens and periderms
on the other, lead to the assumption that there is no fundamental dif-
ference between these formations. Further, when new phellogens are
formed in unwounded stems, the dedifferentiation, the cell enlargement,
and the first divisions of cells in the cortex and phloem may be regarded
as callus formation. According to XRENKE (cf. p. 65) callus formation
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is a result of stimulation from a wound. The nature of the stimulus is
not fully known (see pp. 88—89). It is probable that a stimulation of
the same kind is present in normal phellogen formation, possibly
arising from breaks in the tissues as a consequence of cambial ex-
pansion.

After the first callus fusion has occurred in the outer parts of the
graft zone, the cells in the united tissues soon start to divide regularly
more or less parallel to the wound surface. Already before the union
of the callus has been established, there are mostly fairly distinct de-
posits of phellogens along the wound surfaces in the cortex of the graft
components, and they now achieve union. In most cases the cork
cambia unite earlier than the vascular cambia, which Soke (1959) has
found true also in some species of deciduous trees after scoring in
the stem. The cork cambia of pine and spruce grafts are often well
united after 15 to 20 days, while the first signs of unions of well matched
vascular cambia appear after 20 days, and often a week or so later.
Braun (1958) stated regarding side slit grafts of Populus that the wound
periderms mostly united only after the vascular cambia had achieved
union, while in veneer side grafts (Braux 1959) the union of cambia
and phellogens occurred about simultaneously. In Populus, as well as in
pine and spruce, the old periderm in the periphery of the stems did not
participate in the formation of the wound periderm, and union of old
and new phellogens was not established until the wound periderm was
almost complete. Also in grafts of apple, the old periderm has appeared
to be inactive (Sass 1932).

C. Dedifferentiation and differentiation

As it is possible in principle for most living cells to lose their specif-
icness (to dedifferentiate), to divide and form callus, all newly formed
callus cells are initially entirely unspecified. They may differentiate in
various directions under different influences. Callus tissues may unite
irrespective of the type of the original tissues, and cambia and phellogens
may differentiate through callus tissues of any origin. When entirely
dissimilar tissue parts adjoin each other, e.g. the cambial region of the
one component and the cortex of the other, parenchyma union may
occur quite soon and the cambia from both sides spread through the
uniting tissue. Newly formed cells, that have reached a certain degree of
specialization, can again dedifferentiate under the influence of an ad-
vancing cambium. This is a common occurrence when union in some
part of a graft has proceeded slowly—DPlate XIII: 3 shows an example.
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Before the union between the outer part of the scion and the park flap
was established, the formations in the flap had developed a periderm
character. Now, when the scion and the flap have united, the flap cells
in contact with the scion cambium are dedifferentiated successively,
and the cambium extends through the flap tissues. The vascular dif-
ferentiation will be further discussed in the following.

D. The formation of vascular nodules in the intermediary tissue

Differentiation in the intermediary tissue of pine was shown in
chapter V: D. In his studies on tissue cultures of Jerusalem artichoke
GAUTHERET (1957, 1959) found nodules with the same cell arrange-
ment when the original explant was a fragment of xylem. The nodules
occurred in secretory canals, the centre of which differentiated into
phloem, while the peripherical cells became tracheids. The latter
consequently are formed in contact with the old tissue, i.e. xylem.
Finally, a cambium is formed between the phloem and the xylem.
GAUuTHERET (1959) observed that new cambia in tissue cultures are
generally formed in connection with newly differentiated phloem
strands and then turned towards the original explant if this is of a
xylem character but turned away from the explant if this consists of
phloem.

In pine, the intermediary tissue is developed mostly from parenchyma
in the wood. Plate IX: 9 shows in a higher magnification one of the
nodules in Plate IX: 8 where some phloem cells have been differentiated
and a cambial strand has developed in an arch with the phloem on the
inner side of the arch. In the other two nodules shown in Plate IX: 8,
several tracheid layers have been deposited but most of the phloem
cells appear to have been crushed.

As mentioned in chapter V: D, it is not only spontaneously develop-
ing cambia that extend in such inverted arches, but also cambia, which
have been enclosed between the wood surfaces (Plate IX: 12). Arches
with the same tissue arrangement are found also in the innermost
corner of side slit grafts (Plate XI1I: 5).

E. Union of vascular tissues and cambia

A broken cambium always tends to spread and form a closed unit.
It was mentioned on p. 93 that divisions at the cambial regions are
almost immediately able to effect a union of the vascular tissues when
the cambia of the graft components are placed close to each other.
The short cells on the xylem side are often differentiated immediately
to tracheidal elements, and newly formed tracheids of this kind from
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both the graft components may adjoin each other without to unite. A
real union of tracheids (= tracheids with mutual pits) is formed by
the fusion of young, undifferentiated cells which then differentiate simul-
taneously. An initial xylem union of this kind often occurs between
cells which have not been deposited from any distinct cambial zone.
This is in agreement with the findings by Simon (1908), KaaN ALBEST
(1934), SixvorT & Brocm (1945), and Jacoss (1952). The first cells
connecting the two cambial edges are parenchymatous. The complete
vascular union is a result of influence on these cells emitted from the
nearby unwounded tissues. The fact that auxin is the factor stimulat-
ing xylem differentiation has been made definitely clear by Jacoss
(1952, 1961). When the cambia have been well fitted together, the
uniting tissue may be composed of a very small number of cells.

Sass (1932) and Braun (1958, 1959) have observed cambial bridg-
ing achieved by a meristematical activity that extends tangentially from
the cambial edges of both the stock and the scion (see ‘‘Literature
review”’,pp. 11 and 14—15respectively). The twoinvestigators have stated
that a connecting strand of meristematical cells is present before union
between vascular tissues has been established. In the present investi-
gation a “homoeogenetic induction’ like that described by Bravn and
Sass has been found in cases where the cambial edges of the compo-
nents were separated by a larger mass of parenchyma. Even before
parenchyma union a stimulus may be transferred between the vascular
tissues of the graft components, and thus determine the direction of
cambial extension (Simox 1930, Haywarp & WEeNT 1939). The cells
of the advancing cambial zones, which are influenced by another
cambium, are in cross-sections observed as laterally extended towards
the source of induction (Plate VI: 2, VIII: 3).

When longitudinal sections are studied it is obvious that the direction
of the first uniting tracheids is mainly oblique from the scion down-
wards to the stock, and to a minor extent from the stock upwards to
the scion (Plate IX: 3). Jacoss (1952, 1961) has shown the close rela-
tionship between xylem differentiation and auxin movement. The
auxin moves mainly basipetally in the stems, but there is also a small
acropetal movement, the. relation between downward and upward
transport being about 3: 1. Several scientists have found the xylem
regeneration around a wound to be strictly basipetal (Stmox 1908,
Kaax ArnpesT 1934, Jost 1942, SinvoTrT & BLrock 1945). Jacoss,
however, have found that the acropetal auxin movement is paralleled
by a slight acropetal xylem differentiation. The cell arrangement in
the studied graft junctions in pine and spruce confirms this statement.
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Differentiation on the phloem side is mostly slower than on the
xylem side, which has been stated earlier also by Simox (1908), Kaax
AvpEsT (1934), and ARTscHWAGER (1951). The first sieve cells do not
appear in the region of union until the divisions have assumed a cambial
character. The union in the phloem is therefore maintained for some
time by parenchyma cells. ARTSCHWAGER (1951) found this phenomenon
in grafts in the Compositae family, where these parenchyma cells,
however, are narrow and elongated. In pine and spruce grafts the cells
were of a callus character, often slightly elongated, but shorter than
normal sieve cells. The first sieve cells mostly had approximately the
same outer dimensions as the callus cells.

So far we have only discussed the union of cambia in which the con-
tinuity has been broken. Also a completely intact cambium, however,
can be broken up under the influence of another intact or broken
cambium. In so called natural grafting, intermediary parenchyma
tissues will be extruded. The cambia of the components divide and bend
outwards to the sides where they unite. It was described on pp. 8182
how leaf traces exposed in the bark parts of spruce scions activate
parenchyma tissues in the stock to differentiate into vascular tissues,
finally to become incorporated with its stele. The cambium of the stock
divides to receive the leaf trace. Often the cambial edges of the graft
components do not achieve union with each other in certain parts of a
graft zone, especially in the upper parts of the zone, and in one side of
grafts consisting of components of widely differing thicknesses. In such
cases one or both of the cambia enter between the wood surfaces.
Upon continued growth the cambia will unite in the same way as in
natural grafting.

Even without influence from another cambium, a broken cambium
always spreads through contiguous parenchyma tissues, but these new
cambial cells do not extend laterally. As a result of the great activity
at the wound surfaces, broken cambia mostly turn outwards to begin
with (¢f. HeErse 1908). This may be seen most clearly in the stock,
which is the component with the faster growth. At the wound edge the
cambium grows faster than in the rest of the stem. If union with the
counterpart fails to materialize, or is too weak, the parenchyma tissues
extend over the exposed wood surface of each part, and the cambium
follows. The healing over of the cut stocks proceeds according to the
same pattern.

The importance of various methods of cutting and fitting together the
scions and the stocks for the result of the union has been discussed in
chapter V: E (pine) and chapter VI: D (spruce). Although more difficult
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to apply in practice, a good cambial fit is much more important in
grafts of spruce than in pine, the reason being that the callus develop-
ment in spruce grafts is usually weaker. The greater the ability of the
graft components to produce callus, the better are the conditions for
cambial unions over long distances. Populus is an example of a species
possessing great power of proliferation. In the side slit grafts studied
by Braun (1958), cambial union could be achieved thanks to the
vigorous callus formation from the stocks. Extremely vigorous callus
formation from the stocks sometimes occurs in pine grafts, but has
mostly proved less desirable, in that the scion may simply be extruded.
This can be prevented to some extent by binding the graft firmly,
particularly if the grafting has been done carefully by fitting the cambia
well together. It was also mentioned on p. 85 that too superficial cuts
in the stock should not be made when applying veneer side grafts in
pine, since they easily produce heavy callus formation over the entire
wound surface, which may lead to the extrusion of the scion.

F. The epithelial cells of the resin duets

The epithelial cells of the resin ducts in the cortex and the phloem
often play a great part in the production of callus in grafts of pine and
spruce. The distribution and direction of the resin ducts in various
tissues of both species has been described in chapter IV. According to
this description vertical ducts occur in xylem and cortex only. The
statement made by Esav (1953, 1960), among others, that vertical
ducts may be present in the phloem of conifers, is wrong, at least
in respect of Scots pine and Norway spruce. Horizontal resin ducts en-
closed in rays occur in both xylem and phloem, and are directly connect-
ed viathe cambium. The resin cysts, developed when the horizontal ducts
expand in the phloem, may possibly be conceived as vertical ducts in
single cross-sections. In three Pinus species investigated, inel. Pinus
silvestris, Bagpa (1956) found neither vertical nor horizontal ducts in
the phloem. However, he observed ‘“‘dilatation” of many rays in the
phloem after the second vear, and stated that most rays are uniseriate
during the first year. Upon investigating tangential sections through
the voungest phloem and the cambium, one will find that some rays
are fusiform, i.e. they are two (or more) cells wide in the middle,
but one cell wide in the upper and lower edges. These rays constitute
connections between the horizontal resin ducts on both sides of the
cambium. TroMsoN & SirTon (1925) interpreted this to mean that no
anastomoses occur between the horizontal resin ducts of the xylem and
the phloem, and that there is continuity in the tissues only. The dilata-



104 INGEGERD DORMLING

tion of rays observed by Bagpa is probably the same phenomenon as
that described above (p. 25), i.e. an expansion of the resin ducts in
multiseriate rays into resin cysts. One of the illustrations in the paper
written by Bacepa, called “Mik. 4”°, would also seem to justify this
assumption (the ray is marked “‘Mstr’").

The epithelial cells around the resin ducts in the phloem are con-
sequently ready to divide without any wounding of the stem. THoMsoN
& Sirron (1925) also discussed the occurrence of “‘cambial” activity
around the resin cysts in the phloem, and around the vertical duets in
the cortex. When the ducts are wounded, resin is first excreted, where-
upon the epithelial cells almost immediately start to expand, and very
soon divide. Primarily, it appears to be a function intended to close the
ducts from the environment, but these new formations seem to be of
identically the same character as the callus formations from other
tissues, and they nearly always contribute to unions when suitably
positioned in relation to the counterpart.

G. How and when should grafting be carried out?

In the chapters dealing with “observations on the shaping and fitting
of the graft components” (p. 69 and p. 84 respectively) some recom-
mendations have been given concerning the method of grafting with a
view to obtaining the conditions most conducive to a good union from
an anatomical-histological point of view. A repetition of these recom-
mendations is therefore unnecessary, but some supplementary view-
points may be added.

The water conditions in stems and scions have been closely investi-
gated by Braun (1961, 1962 a). Until parenchyma unions are estab-
lished with the stocks, the scions are restricted to their own water
reserves. The water in the scions moves from the inner to the outer
tissues, and from the basal parts towards the top. Accordingly, the
lowest parts of the scions, that are in contact with the stocks, are most
exposed to drying. It is consequently of great importance that the union
occurs rapidly, and that the atmosphere around the grafts is kept
humid until the junction is complete, in order to prevent the scions
from drying out.

Of the two graft components, it is actually only the stocks that can
be chosen and treated before grafting. The scion-wood usually has to be
accepted as it is, the matter simply being to propagate certain trees. It
goes without saying that the scion-wood should be as fresh as possible
when grafted, or, when this is not possible, stored in the best way. It is
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also clear that the scions should have no growing annual shoots at the
grafting, since this would mean too great a loss of water.

The stocks, however, may be treated in various ways. The stocks
mostly used when grafting in the greenhouse are four years old, in the
field they are often somewhat older. The stocks are consequently
generally much thicker than the scions. The difference in the size of the
components of spruce grafts is often very great, which renders it difficult
to obtain a good fit (¢f. chapter VI: D). Young, smaller stocks are
therefore to be preferred. It has also appeared that young cells have a
greater power of dividing, which is an additional reason for using
young stocks. The treatment of the material during its growth is cer-
tainly of the greatest importance, since stocks in good. condition produce
callus more vigorously than poor stocks.

The scions of the graffs investigated here have been placed as far
down on the stocks as possible. This is the usual practice when grafting
in the greenhouse, and also the most common procedure when grafting
in the field, at least in Sweden. The interesting investigation carried out
by Nass-ScaMipT & SgEGaARD (1960) on Douglas fir (Pseudotsuga
taxifolia) showed that the result of union in “‘high grafting”’, 91 per cent
survival, was considerably superior to that of “‘low grafting’’, 46 per cent
survival. On the basis of information obtained from the anatomical
investigations of grafts, it may be assumed that the young tissues in the
upper parts of the stocks have had greater power of proliferation. It is
also probable that the size of the graft components was more equal in
these positions.

Methods for grafting succulent or semi-succulent material (young
twigs with incompletely lignified woody cylinders) have been described
by MEeRrGEN (1954 D), Zax (1955), FowLer (1959), and LESKINEN
(1960). From an anatomical point of view such a technique is advan-
tageous—only young cells capable of proliferation are present in the
healing zone. Good results have been reported, but obstacles to a
wider use are e.g. the time of grafting, and difficulty in collecting the
scion material. Sometimes, however, this possibility could be of great
value. :

The time of grafting and the treatment of stocks prior to grafting are
other interesting points. The stocks of the grafts investigated here had
been forced so far that they had all developed 1—2 cm long, new shoots.
It appeared, however, that the cell division activity at the wound
surfaces started at least equally as early in the unforced scions, which
probably shows that it is unnecessary to force the stocks before graft-
ing in order to obtain successful results. A small, comparative experi-
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ment comprising 48 pine grafts and conducted in the spring of 1960
also provided similar indications, and an even slightly superior incre-
ment of the scions grafted on the unforced stocks. The NIENSTAEDT
(1959) investigation on spruce (Picea abies and P. glauca) grafted in
the autumn, also showed that activity in the stocks at grafting is of
minor importance. The stocks were given various treatments during
the months prior to grafting: long day (i.e. in growth at the fime of
grafting), short day (i.e. in rest, although soon interrupted after the
transfer of the plants into the green house). The number of successful
unions obtained from the differently treated stocks wase about equal.
The continued development of the scions, however, may be affected
by variations in day length and temperature after grafting.

Braun (1962 a) has made thorough investigations into the most
advantageous time for grafting poplar in the field. Two periods of
excessive cambial growth is observed during the growing season, and
grafting is best carried out just at the beginning of these periods (in the
mentioned case from the end of April to mid-May and from the end
of June to early July). This agrees with the practice in greenhouse
grafting of conifers. The grafts are made when the buds of the stocks
have just begun to burst, and the cambial activity has been found to
start simultaneously.



VII. Summary*

The majority of the grafts investigated were made in a greenhouse
in the spring of 1958 and 1959, with a minor supplementation in 1960.
Being forced, the stocks, mostly four years old, had new annual shoots
measuring 1-—2 cm at the time of grafting. The scions consisted of one-
year-old shoots in complete dormancy.

Two different methods of grafting were applied: veneer grafts and
side slit grafts. Each type of graft was done in two ways and investigated,
¢f. Figs. 1—14 and 16—18. After having been fixed in CRAF (for
recipe see p. 21) for the purpose of anatomical studies, the graft zones
were embedded in paraffin and cut in 15 g thick cross-sections and
longitudinal sections, which were stained in safranin and fast green,
and mounted in Canada balsam.

From the grafts of 1958 three specimens were taken for examination
every week during 5 weeks, and then at intervals of 14 days to one
month for the rest of the summer. In order to follow the course of
growth accurately during the first stage, specimens for examination were
taken daily from the grafts of 1959 for the first 14 days, and then every
other day for a further period of 14 days. The process of union growth
has been followed completely during the first season after grafting. A
number of 1—3-year-old grafts were also investigated.

The main features of the anatomy of voung stems of Scots pine and
Norway spruce have been reviewed in chapter IV, with particular
attention paid to the ability of the various tissues to contribute to the
union of graft components and to differences between the species in
this respect. The various anatomical details such as observed in cross-
sections as well as in tangential and radial longitudinal sections are
presented in the drawings in Figs. 16—17. Plates I and II: 1—5 show
full pictures and details of both the species.

Resin excretion from severed resin duets is the immediate reaction
al the wound surfaces. There is nothing to show that the resin consti-
tutes a barrier between the graft components; on the contrary, it serves
as a sealing. As it has mostly been dissolved and removed from the
material by fixing solvents and alecohols, no resin was found in the
microscope slides.

Contact layers consisting of directly or indirectly damaged cells are
developed on the cut surfaces in the cortex, phloem, and cambium of

* A short summary concerning experiences of importance for practical grafting was given
in the author’s publication “Grafting Methods for Scots Pine and Norway Spruce’ (1962)
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both the graft components. In the phloem, both the functional and the
non-functional, a large number of sieve cells will constitute a part of
the layer, on account of their inability to participate in callus formation.
In Scots pine, contact layers also occur over severed parenchyma tissues
inside the cambium, viz. rays, resin ducts, and pith.

Enlargements of cells adjacent to the wound surfaces is the first
noticeable reaction from the living cells. The epithelial cells of cut
vertical resin ducts in the cortex react specially quickly (Plate III: 1—3).
As early as one day after grafting they are clearly enlarged, and they
soon clog the duct entirely, often at a long distance from the place
where the duct has been wounded. Cell enlargements at an early stage
are also common in practically all thin-walled, parenchymatous cells
situated adjacent to the wound surfaces.

Cell divisions appear close to the wound surfaces in both stock and
scion 3—4 days after grafting. The scion often shows the first divisions
and most activity during the first days after grafting. In Scols pine, it is
quite clear that the first cell divisions occur in rays of the phloem, some-
times also in cambial parts of the rays, but some later epithelial cells
of resin ducts in the cortex and ordinary cortex cells divide as well.
In Norway spruce, divisions occur simultaneously in all the tissues
mentioned above.

The initial cell division is most vigorous in regions known as storage
places for nutrients and best suited for conduction. The cells surrounding
leaf and branch traces, and the cells of rays that emerge from leaf gaps
are particularly active in the formation of callus (Plate II: 6—8). On
the whole, the stocks produce a larger volume of callus before union
than the scions, but leaf traces adjacent to the cut surfaces of the latter
component induce a locally larger formation of callus.

Rays that have been cut far outin the phloem mostly form more callus
than those which have been cut closer to the cambium, or in the
cambial zone (Plate XIV:5—6). The boundary between phloem and
cortex is a very active zone (Plate V: 11).

The very first cell divisions do not occur at any special angle in
relation to the wound surface; especially in Scots pine (Plate V:
1—3 and 5), where the initial callus formation is often very extensive.
Soon, however, divisions proceed according to a definite pattern, in
which the new cells are established with their walls almost parallel
to the wound surface (Plate V: 6—8). This is the first stage in the dev-
elopment of cork cambium (phellogen).

The cambial region plays a subordinate réle as a callus producer in
veneer grafts. Generally callus tissues from both the graft components
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outside the cambium unite before the necessary change in the mode
of cambial cell division (p. 39) has occurred. In the stocks of side
slit grafts, however, the bark has been loosened from the wood in the
cambial region, the cells of which can give rise to vigorous callus
formation in Scots pine. This process is initiated by ray cells, but soon
the major portion of the cambial cells participate to such extent as they
have not been damaged in the grafting. The Scots pine stocks produce
callus from both the wood surface and the bark flap (Plate XII: 1),
whereas callus production in Norway spruce stocks has been reported
to occur from the flap only, and even there it is mostly sparse (Plate
XVI: 11). If the incision in the stock is made tangential to the cambi-
um, the conditions at the incision face are equal to those in veneer
grafts (Plate XVI:10). Radial incision gives usually rise to essential for-
mation of callus from the cambia of both the components in conse-
quence of the poor cambial fitting.

Callus formation from parenchyma of the wood or pith occurs only in
Scots pine, where it can sometimes be quite extensive. The scion pith
is particularly active when severed. In the stocks, vigorous callus
formation has been observed in some cases when more parenchym-
atous tissues than normal were present in the wood as a result of
some damage suffered by the cambium during growth. In some of the
cases investigated, this occurs in annual ring boundaries (Plate VI: 8).

A comparison of the tendency of various tissues to produce callus in
both the species is presented in Table 1 (p. 77). Great activity in one graft
component has appeared to induce contiguous tissues in the counterpart
to increased activity already before direct union is achieved between the
tissues concerned. It is consequently a matter of influence communicated
through a not too heavy contact layer, and without plasmatic connec-
tions between the cells.

Unions between parenchymatous tissues have been reported 8—10 days
after grafting. Fifteen days after grafting there are parenchyma unions
in all the greenhouse grafts that have any prospect of developing further.
Only cells newly formed after grafting are able to unite. In veneer grafts,
the first unions occur between cells originating from tissues outside
the cambial region. They are mainly developed from the cortex and the
phloem part of the rays. In side slit grafts with a radial incision in the
stock bark (Fig. 18 a), the first unions develop between the callus from
the stock cambial region in the bark flap, and between callus from the
cortex, the phloem rays, and the pith of the scion (Plates XII: 1, X: 11),
In side slit grafts with tangential incision in the stock (Fig. 18 b).
unions also occur at the incision face in a way similar to that in veneer
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grafts. Newly formed cells may unite irrespective of the nature of the
tissues from which they originate.

Union of phellogen. Through the parenchyma unions in the outermost
parts of the graft wounds, phellogen is differentiated which connects
the cork cambia that have developed, or are in process of development
on the wound surfaces of the graft components. Complete unions of
phellogen occur 15—20 days after grafting. The phellogens at the
periphery of the stems do not participate in the formation of the new
ones, and a union of new and old phellogens occurs only gradually.

Unions of vascular tissues have been reported after approximatively
three weeks in well-matched grafts. When the fit has been less satisfac-
tory, union may take 5—6 weeks. In well-matched grafts it is common
that divisions in the cambial region are able to promote the union of
vascular tissues almost at once. Only a small number of short, irregular
cells are then formed. It is often noticeable that newly formed tracheids
have united before any true cambial union has been established. When
the cambia are situated farther apart, they spread through intermediate
parenchyma tissues towards each other by induction from one cell to
another. This causes the cells to dedifferentiate and start dividing again.
Differentiation of tracheids on the wood side often follows the cambial
strands, while connection on the phloem side is maintained for some time
by parenchyma cells which only gradually differentiate into sieve cells.

Since the stock cambium had already entered the active stage at
grafting, and since the stock furthermore has a greater supply of water
and nutrients than the scion, its cambium will be able to deposit several
new rows of tracheids until such time as union is possible. This means
that the cambium of the stock outgrows that of the scion when the two
cambia are placed right opposite each other at grafting. If the scion
cambium is placed outside that of the stock, the cambium of the laiter
will soon catch up with it (Fig. 32, Plate VI: 5).

The first unions of vascular tissues in veneer grafts are often found
between the stock flap and tissues situated at the short, cut surface of
the scion (Plate VII: 2, 7).

Neither parenchyma unions nor cambial unions occur simultaneously
over the entire cut surfaces of the grafts; the first unions occur where the
tissues have been placed closely together, and where the most active
tissues adjoin the cut surfaces.

Leaf traces appear to play an important part in the establishment of
vascular connections, especially in Norway spruce, where they occur in
large numbers and remain long in the cortex tissues before departing
from the stem (Plate XVI: 1—6, 8, Fig. 33).
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The cambial unions in the innermost corner of side slit grafts become
more or less complicated depending on the mutual position of the tissues
in the graft components. When the flap is loosened from the wood, the
cambium usually sticks to the flap. In its upper part, at least, the scion
has two free cambial edges directed inwards to the corner, one towards
the flap and one towards the wood side. Fig. 22 shows how cambial
unions are achieved, cf. Plate XIII: 5—7.

Intermediary tissues. It is not necessary that the space between the
wood surfaces of the graft components should be filled with callus
tissues (Plate VI: 11). On the contrary the space usually remains empty
when the tissues heal rapidly. The intermediary tissues which neverthe-
less occur, originate in Norway spruce exclusively from tissues on the
exterior of the wood cylinder which have expanded in between the
wood surfaces. In Scots pine, parenchyma cells in xylem resin ducts,
xylem rays, leaf and branch gaps, and pith, as well as tissues external
to the wood cylinder, participate in the formation of intermediary
tissues (Plate VI: 7—10). Vascular nodules are often formed in the
intermediary tissue, particularly in pine. On these nodules, xylem is
situated on the exterior and phloem on the interior of the cambial
sheath (Plate IX:8—9). The tissues that intrude between the wood
surfaces are often followed by cambium which becomes separated
from its original cambium when this unites with the cambium of the
other graft component. These isolated cambia form arches with the
same cell arrangement as that of the spontaneously developed nodules
(Plate IX: 11—12).

Healing of the cut stocks. In the summer of the vear after grafting,
the stocks are cut back with an oblique cut immediately above the
uppermost point of contact with the scion. The wound thus caused is
healed over from all sides in the same way as the wound of a cut
branch (Figs. 23—28). In the cases investigated, only tissues originating
from the stock have participated in the process. The edge of callus
is most heavily developed on the two sides adjoining the scion; it is
weaker in front of the scion and weakest on the side facing away from
the scion, cf. Fig. 29.

Shaping the stock flap of veneer grafts. The flap may be shaped in
two ways, as demonstrated in Figs. 3—4 and 6—7, respectively. Of
these two, the downward cut in Figs. 3—4 is definitely to be preferred.
In the second case, a sliver of wood will adhere to the entire flap and
will obstruct a smooth union between the flap and the short cut surface
of the scion, c¢f. Figs. 30—31. Plates IX:13—15, and X:1—4 show
examples of disturbances that occur when the flap is made with an
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upward cut. The wood sliver must either be walled in or expelled by
the expanding tissues. Plates X: 5 and XV: 5 show examples of a smooth
union obtained from a downward cut in the flap.

Fitting the cambia of veneer grafts. Good fitting of the cambia is in
veneer grafts a prerequisite for a rapid union of the graft components.
This does not imply, however, that the cambia of the scion and the
stock should be placed exactly straight opposite each other from the
outset, as mentioned above. It is better that the cambium of the scion
is placed so that it extends a short distance outside that of the stock, so
as to compensate for the more vigorous growth of the latter component
(Fig. 32 c—d).

It has proved to be considerably more difficult to arrange a good fit
between the graft components of Norway spruce than between those of
Scots pine. Difficulties arising in the grafting of Norway spruce are
primarily due to the fact that the stocks have been considerably bigger
than the scions. It has been possible to obtain a good fit, however, by
making a very superficial incision in the stock-—an incision which
merely touches the wood—and then placing the cut surface of the scion
straight opposite that of the stock. In Scots pine, however, such super-
ficialincision in the stock is not advisable, since it promotes a vigorous
callus formation over the entire cut surface, which impedes the union
of cambia, or may even cause an expulsion of the scion. This, however,
has not been experienced with Norway spruce. It goes without saying
that the graft components must always be tied firmly, so as to prevent
the callus from the stock from healing over the wood surface from the
sides before connection with the scion has been established.

Common faults made in the grafting of Norway spruce include too
deep an incision in the stock, and fitting together the outer edges of the
graft components on one side in order to match the cambia. Because
of the thicker bark of the stock as well as the more tangential cut made
in the latter, the cambia of the stock and the scion do not fit together
on either of the sides (Plate XIV: 8 and XV: 9).

A comparison bhetween the one-year-old shoots of Scots pine and
Norway spruce has shown that the bark of the latter species contains a
considerably smaller portion of living tissues (see pp. 26—27 and
Plate I: 1 and 2). The Norway spruce shoots are surrounded by a heavy
layer of dead cells and the cortex between the ridges formed by the
leaf traces is very thin. Since the extent of tissue capable of proliferation
is comparatively limited in the scions of Norway spruce, a good cambial
fit is more important in Norway spruce than in Scots pine. The in-
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vestigation has clearly shown that young and small stocks are to be
preferred in the case of veneer grafts.

The incision in the stock of side slit grafts has been made in two
ways: radially and tangentially (Figs. 10—11 and 12—14, respectively).
When the incision has been made radially, the entire scion will be
seated inside the incision face (Fig. 18 a), and the cambial edges at this
point will be placed far apart (Plates XII: 3, 6, and XIII: 4, 9). With a
tangential incision (Fig. 18 b) there are possibilities of fitting the cambia
so as to obtain unions corresponding to those of veneer grafts (Plates
XIII: 11, 12 and XVI: 10, 11). Of the side slit grafts of Norway spruce
used in this investigation, only those with a tangential incision in the
stock have succeeded. The major part of the unions then occurred at
the incision face, whereas the bark flap often failed. By cutting the stock -
so that it also includes part of the wood (TFig. 34), a better contact
surface for the scion would be obtained, and less empty space in the
corner.

Veneer side grafting is clearly the superior of the two methods tested
and the only one to be recommended for Norway spruce. The flap
should be done with a downward cut. Side slit grafting may be recom-
mended for Scots pine when large stocks are to be grafted with small
scions. Tangential incisions in the stocks then improve the prospects
of a successful grafting.
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Sammanfattning®

Anatomisk och histologisk undersékning av sammanviixningen mellan
ympkvist och underlag hos ympar av tail (Pinus silvestris L.)
och gran (Picea abies (L.) Karst.)

Huvudparten av de ympar, som varit foremél f6r undersdkning, ympades
i vaxthus vararna 1958 och 19539. En mindre komplettering gjordes 1960.
Underlagen var mestadels fyra ar gamla och hade drivits fore ympningen sa
langt, att de nya arsskoften utvecklats 1—2 em. Ympkvistarna var ettars-
skott i fullstidndig vila.

Tva olika ympmetoder har tilldmpats: ldggympning och sidsticksympning.
Ympar enligt bada dessa metoder har utférts och undersskts i tva varianter,
se fig. 1-—14 och 16—18. For de anatomiska studierna fixerades ympzonerna
i CRAF (recept se sid. 21), bdddades i paraffin och snittades i 15 p. tjocka tvir-
och ldngdsnitt. Snitten fidrgades i safranin och »fast green» och monterades i
kanadabalsam.

Fran 1958 ars ympar togs tre exemplar ut till undersékning varje vecka
under 5 veckors tid, sedan med 14 dagars—en méanads mellanrum under resten
av sommaren. For att noggrant kunna £6lja hidndelseforloppet den forsta tiden
togs fran 1959 ars ympar ut tva exemplar till undersékning varje dag under
de forsta 14 dagarna, dérefter varannan dag under ytterligare 14 dagar.
Sammanvixnings- och tillvaxtiorloppet under forsta sisongen efter ympningen
har f6ljts i sin helhet. Dessutom har ett antal 1—3-4riga ympar undersskts.

Den anatomiska strukfuren hos unga tall- och granstammar sa som den ter sig
i tvérsnitt och tangentiellt resp. radidrt lingdsnitt Aterfinns i feckningarna i
fig. 16—17. I sina huvuddrag dr stammarna uppbyggda pa likartat sétt men
det finns nagra anmirkningsvirda olikheter som &r av betydelse for kallus-
bildning och ympsammanvixning. Parenkymet innanfér kambiet (mérg,
blad- och grenluckor, stralar!, hartskanalernas epitel) bestar hos tall av tunn-
viggiga celler medan de flesta av dessa celler hos gran har férvedade viggar.
Antalet hartsférande stralar ér storre hos tall 4n hos gran och saknas helt i
ettarsskotten hos gran. Den férkorkade delen av peridermet hos unga skott
Ar tjockare hos gran #n hos tall. Det finns fler bladspar i grankvistar &n i
tallkvistar. PL. I och II: 1—35 visar helhetsbilder och detaljer fran bada tridd-
slagen.

* T uppsatsen »Ympningsmetoder £or tall och grans (1962) har erfarenheter avbetydelse
for praktiskt ympningsarbete sammanfattats.

1 1 Sverensstimmelse med bruket i engelskan anvidnds hir ordet »strale» i stéllet for
det oegentliga »mirgstrales. Prefixen »xylem-» och »floem-» anvédnds for att ange laget
i stammen,
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Hartsavséndring frdn genomskurna hartskanaler &dr den férsta redan for
blotta 6gat synliga reaktionen vid sarytorna. Det finns ingenting som tyder pa
att hartset utgor ndgot hinder f6r sammanvéaxningen, tviartom tycks det tjdnst-
gora som ett skydd. Huvudparten av detta harts har 16sts fran materialet av
fixeringsvitskor och alkoholer och har ej funnits med i de mikroskopiska
preparaten.

Isoleringsskikt bestaende av direkt och indirekt skadade celler utbildas ¢ver
snittytorna i kortex, floem och kambium hos bada ympkomponenterna. I
floemdelen, i savil den aktiva som inaktiva, kommer dessutom en stor del
silceller att inga i skiktet beroende pé deras oférmaga att delta i kallusbhild-
ning. Hos tall forekommer isoleringsskikt dven over skadade parenkymviv-
nader innanfér kambiet: stralar, hartskanaler och mirg.

Férstoring av celler intill sarytorna #dr den forsta méirkbara reaktionen fran
de levande cellerna. Epitelcellerna hos genomskurna vertikala hartskanaler i
kortex reagerar sirskilt snabbt (pl. II11: 1—3). Redan dagen efter ympningen
ir de tydligt forstorade och sluter snart till kanalen helt, oftast ldngt ovanfor
det stdlle, dér kanalen sarats. Cellférstoringar pa tidigt stadium &r dessutom
vanliga i praktiskt taget alla intill sarytorna beligna tunnviggiga parenkym-
celler.

Celldelningar borjar upptridda intill sarytorna hos bade underlag och ymp-
kvist 3—4 dagar efter ympningen. Ofta &r det ympkvisten som visar de
forsta delningarna och den stérre aktiviteten under de foérsta dagarna efter
ympningen. Hos tall har det varit fullt tydligt att de tidigaste celldelningarna
upptritt i stradlarnas floem- och kambiedelar, men bara nigon dag senare har
delningar féorekommit dven i kortex — savil i hartskanalernas epitelceller som i
vanliga kortexceller. Hos gran har delningar konstaterats i alla de ovanndmnda
viavnaderna samtidigt.

Celldelningsaktiviteten #r stérst i omraden, som ligger vil till ur nirings-
och transportsynpunkt. Celler kring blad- och grenspar, liksom celler i stralar,
som utgar fran bladluckor, dr speciellt aktiva kallusbildare (pl. II: 6—8).
Som helhet bildar underlagen stérre kallusméngder fore sammanvixningen
an ympkvistarna, men bladspar intill snittytorna hos de senare kan orsaka
lokalt stor kallusbildning.

Stralar, som blivit avskurna ldngst ut i floemet, bildar oftast mer kallus
an sadana som avskurits ndrmare eller i sjdlva kambiezonen (pl. XIV: 5—6).
Grénsen mellan floem och kortex utgér en mycket aktiv zon (pl. V: 11).

De allra forsta celldelningarna sker inte i ndgon bestdmd vinkel i férhallande
till sdrytan, i synnerhet inte hos tall (pl. V:1—3 och 5), dir den forsta kallus-
bildningen ofta &r av ett mycket extensivt slag. Snart inordnas dock del-
ningarna i ett bestdmt monster dér de nya cellerna anldggs med de nya cell-
vaggarna mer eller mindre parallellt med sarytan (pl. V:6—38). Detta regel-
bundna meristem utvecklas i kortex till ett korkkambium (fellogen).

Kambiezonen spelar en underordnad roll som kallusbildare hos liggympar
(pl. V: 7). I allménhet hinner kallusvidvnader frdn bada ympkomopnenterna
utanfér kambiezonen foérena sig, innan den noédvindiga omstdllningen i kam-
biecellernas sétt att dela sig 4gt rum. Hos sidsticksymparnas underlag utgérs
storre delen av kontaktytan med ympkvisten av blottat kambium, och dérifran
forekommer hos tallsidsticksympar mycket livlig kallusbildning. Initiativet
tas av straleceller, men mycket snart kan man se stérre delen av kambie-
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zonens celler delta, i den man de inte skadats vid ympningen. Tallunder-
lagen bildar kallus bade fran den blottade vedytan och fran barkfliken (pl.
XII: 1), medan hos granunderlagen kallusbildning endast konstaterats fran
fliken och #ven dar mestadels sparsamt (pl. XVI: 11). Om insnittet i under-
laget gjorts tangentiellt mot kambiet sa blir férhallandena vid inskdrnings-
ytan desamma som hos liggympar (pl. XVI:10). Radiért insnitt medfér van-
ligtvis livlig kallusbildning fran bada komponenternas kambiezoner till f51jd
av den daliga sammanpassningen mellan kambierna.

Kallusbildning fran parenkym innanfér kambiezonen férekommer endast hos
tall och kan dir ibland bli ridtt omfattande, sdrskilt fr&n mirgen och fran
omraden i veden, ddr det funnits mer parenkymvédvnader dn normalt beroende
pa nagon skada som tillfogats kambiet under tillvéxten — i vissa undersokta
fall vid arsringsgranser hos underlagen (pl. VI: 8).

En sammanstillning av olika vidvnaders benégenhet att bilda kallus hos de
bada tridslagen aterfinns i tabell 1. Stor aktivitet hos den ena ympkompo-
nenten har visat sig kunna péaverka intilliggande vdvnader hos motparten till
Gkad aktivitet redan innan direkt forbindelse foreligger mellan vdvnaderna
ifraga. Det dr alltsi friga om en paverkan som overférs genom ett naturligtvis
inte alltfér kraftigt isoleringsskikt och utan plasmatiska forbindelser mellan
cellerna.

Tabell 1. Celldelningsintensitet i olika viivnader hos ympar av tall och gran.

Véavnad Tall Gran
Periderm. . ... ..ot e — —
Kortex, grundvivnaden........... ... + -+ + 4+ *
Kortex, hartskanaler............... ... ... ... R + =t +
Floem, stralar......... .ottt e e e L *
Floem, vertikalt parenkym............ ... ... ... ... + ¥ + +*

Floem, fullt differentierade silceller...................

Kambiezonen, stralar............. ... o, :
Kambiezonen, 6vriga odifferentierade eller ofullstindigt

differentierade celler. ... ....... .. ... + - -+
Xylem, stralar. .. ... ..o + — ()
Xylem, hartskanaler............... ... o i -+ —
Xylem, fullt differentierade trakeider................. — —
Mirg, blad- och grenluckor................. .. ... .... -+ -+ —

*  Vidvnader under inflytande frdn blad- och grenspar visar storre aktivitet 4n mot-
svarande andra.
+ -+ + -+ mycket stor celldelningsintensitet

[

+ + stor celldelningsintensitet

+ + celldelningsintensiteten varierar, men kan betrdffande tallens mérg och blad-
luckor borja pa tidigt stadium, eljest forst sedan intilliggande védvnader borjat
dela sig

+ delningar av varierande omfattning kan férekomma men uteblir ofta

(+) ndr ympningen skett sent kan xylemstralar i drefs ved bilda kallus

inga celldelningar.

Sammanvdzningar mellan parenkymatiska vdvnader har konstaterats 8—10
dagar efter ympningen. 15 dagar efter ympningen finns parenkymforeningar
hos alla vixthusympar, som har forutsidttningar att utvecklas vidare. Endast
celler som nybildats efter ympningen har mdjlighet att f6renas. Hos liggympar
sker de forsta foreningarna mellan nya celler som hirstammar frdn vivnader
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utanfér kambiezonen, huvudsakligen fran kortex och floemstralar (pl. V: 7,8 och
12). Hos sidsticksympar, som utforts med radidrt insnitt i underlaget s attinga
direkta kontaktytor finns mellan inskdrningsytan och ympkvisten (se fig.
18 a), sker de forsta féreningarna mellan kallus fran underlagets kambiezon
i barkfliken, framst stralar och kallus fran kortex, floemstralar och mérg hos
ympkvisten (pl. XII: 1 och X:11). Hos sidsticksympar med tangentiellt
insnitt i underlaget (fig. 18 b) sker foreningar dessutom vid inskirningsytan
pa samma sétt som hos ldggympar. Foreningar mellan nybildade celler kan
ske oberoende av fran vilka vdvnader de har sitt ursprung.

Fellogenbildning. Genom det forenade parenkymet ytterst i stammen dif-
ferentieras mycket snart fellogen som férenar de korkkambier som redan har
bildats eller dr under uthildning utefter sérytorna hos ympkomponenterna.
Fullt utbildade féreningar mellan fellogen upptrider 15—20 dagar efter ymp-
ningen. De gamla fellogen, som ytterst omgirdar stammarna, deltar inte i
bildandet av de nya. En forening dem emellan sker forst sd smaningom.

Forening mellan ledande vdvnader har konstaterats efter c:a tre veckor
hos vil sammanpassade ympar. D4 sammanpassningen varit mindre god, kan
5—6 veckor erfordras for denna slutliga férening. Hos vil sammanpassade
ympar dr det vanligt att delningarna i kambiezonen néistan omedelbart bidrar
till féreningen mellan ledande vivnader (pl. VII: 2—3 och XV: 4). Endast
ett litet antal korta mer eller mindre oregelbundna celler bildas darvid. Man
ser ofta, att nybildade trakeider férenats innan egentlig kambieférening fore-
kommer. Nir kambierna ligger ldngre isér, sprider de sig genom mellanlig-
gande parenkymvidvnader i riktning mot varandra genom en induktion fran
cell till cell, som medfor att cellerna dedifferentieras och ater boérjar dela sig.
Differentiering av trakeider pa vedsidan foljer oftast kambiestraken at, me-
dan forbindelsen pa floemsidan till en tid uppehalls av parenkymceller, som
forst s4 smaningom differentieras till silceller.

Eftersom underlagets kambium redan vid ympningen befinner sig i verksamt
stadium och dessutom har god tillgdng pa vatten och niring hinner det fram
till den tidpunkt (3—4 veckor), dd kambieférening kan ske, att avsitta flera
nya trakeidrader. Vid samma tidpunkt har kambieverksamheten hos ymp-
kvisten just kommit i gdng. Om ympkomponenternas kambier sammanpassas
exakt vid ympningen kommer dédrfér underlagets kambium att »vixa forbi»
vmpkvistens,vilket forsvarar deras férening. Annu simre blir utgangsliget om
ympkvistens kambium lidggs innanfor underlagets. En sammanpassning med
ympkvistens kambium nagot utanfér underlagets ar den allra bésta ur kambie-
foreningssynpunkt. Se fig. 32 och pl. VI: 5.

De forsta féreningarna mellan ledande vdvnader hos ldggympar aterfinns
mycket ofta mellan underlagsfliken och vévnader vid den korta snittytan i
ympkvisten (pl. VII: 2 och 7).

Varken parenkymforeningar eller kambieféreningar sker samtidigt utefter
hela snittytorna hos ymparna — forst sker dylika féreningar, dir vivnaderna
legat vil samman och speciellt aktiva vdvnader funnits invid snittytorna.

Bladspar har visat sig spela stor roll som férmedlare av ledande férbindelser,
speciellt hos gran, dir de forekommer i stort antal och lidnge ligger kvar i
kortexvdvnaderna, innan de ldmnar stammen (pl. XVI: 1—6 och 8; fig. 33).

Kambieféreningen i den inre vinkeln hos sidsticksympar 4r komplicerad
beroende pa vidvnadernas inboérdes ldgen hos ympkomponenterna. Nér fliken
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1 underlaget; det medfér nédmligen hos detta trddslag livlig kallusbildning
over hela snittytan — #dven den blottade veden vilket férsvirar samman-
véaxning mellan kambierna eller {. o. m. orsakar att ympkvisten stéts bort.
Négot liknande behover inte befaras, nir det giller gran. Man maste natur-
16ses fran veden, f6ljer kambiet som regel fliken. Ympkvisten har atminstone
isin 6vre del tva fria kambiekanter riktade inat vinkeln — en mot fliken och
en mot vedsidan. Fig. 22 illustrerar hur kambieféreningen gar till vid olika
bredd pa ympkvistens kambium, jfr. pl. XIIT: 5—7.

Mellanvdvnader. Det dr inte nddvindigt, att springan mellan ympkompo-
nenternas vedytor utfylls av kallusvdvnader. Det dr tvirtom vanligt, att den
forblir tom, ndr vdvnaderna utanfor ldks ihop snabbt utan storre kallusbild-
ning. De mellanvdvnader, som dock férekommer, hirstammar hos gran ute-
slutande fran védvnader utanfér vedcylindern, vilka expanderat in mellan
vedytorna. Hos tall deltar i mellanvivnadsbildningen savél parenkym innan-
for kambiet (celler i hartskanalernas epitel, xylemstralar, bladluckor och mérg)
som vivnader utanfér vedeylindern (pl. VI: 7—10). Mellanvivnaderna kan
underga differentiering. Meristemstrak av kambiekaraktidr uppstar ofta spon-
tant, i synnerhet hos tall, och avsétter en tid — sa linge utrymmet medger —
ledande element. Kambierna ligger i bagar och avsitter xylem utat, floem inat
(pl. IX: 8—9). De viavnader, som utifrin tringer in mellan vedytorna, atfsljs
oftast av kambium, som rétt snart avstdngs fran sitt ursprungskambium, da
detta, forenar sig med kambiet hos den andra ympkomponenten. Dessa »av-
snorda» kambier bildar bagar pa samma sdtt som de spontant uppkomna
(pl. IX: 11—12).

Qvervallning av det nedskurna underlaget. Under sommaren aret efter ymp-
ningen skérs underlagen ner med ett snett snitt strax ovanfér den &versta
kontakten med ympkvisten. Det uppkomna saret vallas 6ver fran alla sidor
pa samma sétt som en avskuren kvist (fig. 23—28). I de understkta fallen har
enbart vivnader hérstammande fran underlaget sjalvt deltagit i processen.
Overvallningskanten utbildas kraftigast i de bada sidor som grinsar till ymp-
kvisten, dr svagare mitt f6r densamma och allra svagast i den sida som &r
viand fran ympkvisten, se fig. 29.

Tillskdrning av underlagsfliken hos liggympar kan ske pa tva sétt som
framgatt av fig. 3—4 resp. 6—7. Av dessa bada dr det nedatriktade snittet i
fig. 3—4 tydligt att foredraga. Nir snittet gérs uppatriktat kommer en flisa
av ved att ligga med &nda ut i spetsen av fliken och utgéra ett hinder fér en
jamn sammanvixning mellan den och den korta snittytan i ympkvisten (jfr
dven fig. 30 och 31). Pl. IX:13—15 och X: 1-—4 visar exempel pa de stor-
ningar som uppstar, da fliken tillskurits med uppatriktat snitt. Vedflisan
maste antingen wvallas in eller stotas bort av de expanderande vidvnaderna.
Pl. X: 5 och XV: 5 visar exempel pd jimn sammanvixning efter nedatriktat
snitt i fliken.

Sammanpassning av kambierna hos ldggympar. God sammanpassning mellan
kambierna dr hos liggympar en forutsittning for en snabb ldkning mellan
ympkomponenterna. Darvid bor ympkvistens kambium placeras en bit utan-
f6r underlagets; se ovan under »Forening mellan ledande vavnaders.

Det har visat sig betydligt svarare att astadkomma god sammanpassning
mellan ympkomponenter av gran dn av tall. Svarigheterna vid granympningen
har framst berott pa att underlagen varit betydligt grévre dn ympkvistarna.
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En god sammanpassning har dock visat sig mojlig att dstadkomma genom
att gora ett mycket ytligt insnitt i underlaget — ett snitt som endast tangerar
veden -— och att ligga ympkvisten med sin snittyta mitt framfér snittytan
i underlaget. Hos tall dr det didremot inte lampligt att gora sa ytliga insnitt
ligtvis alltid tanka pa att binda samman ympkomponenterna val, s& att under-
laget inte far tillfdlle att valla 6ver vedytan fran sidorna, innan férbindelse
etablerats med ympkvisten. Vanliga fel, som bhegéatts vid granympningen,
har varit att snittet i underlaget lagts allt £6r djupt, och att ympkvistens och
underlagets ytterkanter sammanpassats i ena sidan, varvid ympkvistens
kambium kommit att ligga langt utanfér underlagets i denna sida och langt
innanfér i den andra (pl. XIV:8 och XV:9). Snittet genom underlagets
barkdel dr namligen storre én motsvarande snitt hos ympkvisten.

En jamforelse mellan ettarsskotten hos tall och gran har visat, att barken
hos den senare innehéaller betydligt mindre del levande vdvnader (jfr pl. 1. 1
och 2). Granskotten omges av ett brett skikt déda celler. Dessutom ér kortex-
vivnaderna starkt »veckade». I dalarna mellan de &sar, som bildas av blad-
sparen och dem omgivande kortexvivnader, dr kortex mycket tunn. P4 grund
av att de prolifieringsdugliga vdvnaderna har jamforelsevis liten omfattning
hos granympkvistarna, dr det av storre vikt att astadkomma god kambie-
sammanpassning hos granympar &dn hos tallympar.

Undersokningen har klart utvisat, att yngre och klenare underlag borde vara
att foredraga for laggympning.

Insnittet i underlaget hos sidsticksympar har utforts pa tva sitt: dels radiart,
dels tangentiellt (fig. 10—11 resp. 12—14). Nér insnittet gjorts radidrt kommer
ympkvisten i sin helhet att ligga innanfér inskdrningsytan (fig. 18 a) och de
kambiekanter, som si sméningom skall férenas, att ligga 1angt isér (pl. XII: 3
och 6; XIII: 4 och 9). Vid tangentiellt insnitt (fig. 18 b) har man storre moj-
ligheter att sammanpassa kambierna och far sammanvixningsytor motsva-
rande dem hos ldggympar (pl. XIII: 11 och 12, XVI: 10 och 11). Av de sid-
sticksympar av gran, som ympats fér den hir undersdkningen, har endast
sadana med tangentiellt insnitt i underlaget lyckats. De huvudsakliga samman-
viaxningarna har skett vid inskdrningsytan medan barkfliken ofta dott. En
snittforing i underlaget, som tar med en del av veden (fig. 34), skulle ge en
plan yta som béttre passar till ympkvisten och dven medféra mindre tomrum
i vinkeln.

Ldggympning dr den klart overldgsna av de badda ympmetoderna och den
enda som kan rekommenderas for gran. Fliken bér skiras till med ett nedat-
riktat snitt. Sidsticksympning kan rekommenderas for tall dd grova under-
lag maste ympas med klena ympkvistar. Insnittet i underlagets bark bor goras
tangentiellt.



Pesome

AHaTOMUYECKOE U TUCTOJIOTUYECKOEe UccieldoBaHUde MO
cpacrTaHMI0 MeJKAY NpPHUBOEM ¥ MOIABOEeM y NMPUBUBOK
cocHbl (Pinus silvestris L.) n enu (Picea abies (L.) Karst.)

IIpeoGaanalomas 4acTe M3 NPUBWBOK, KOTOPBIe OB O0O'BEKTOM MCCIeoBa-
Hull, GbIM MPUBUTH B TemuIe BecHoio 1958 m 1959 rr. Hefonbluoe KoMIIeK-
TUpoBaHue Ob1I0 caesano B 1960 r. ITogBoii B cBoeM ogaBisA0IIEeM GONBIINHCTRE
OBITI YeThipeX JIeTHero BospacTa U OblI JOBeeH 10 Hadaja IPUBUBRU 0 TAKOTO
COCTOSAHUSA, YTO €ro HOBLIE FOXMYHBle MO0ern JOCTUrIH IiauHbl 1-—2 oM, A
TIPUBOIl IpefcTaBIAd c000i OHOTOTUYHEE T0Gern B afCOIIOTHOM TIOKOE.

Brriu npuMeHeHbl ABa Pa3IMUHBIX MeToda IPUBUBKU: NPUEUSKA eNPUKIAD U
npusuekra nod kopy. IIpusBuBKa mo cmocoly 3THUX ABYX METONOB OBIIA IIPOU3-
BedeHa U MCCIefoBaHa B IBYX BapuaHtax, ¢M. puc. 1—14 un 16—18. Huasa
aHATOMHYECKUX HCCIeTOBAHUN 30HE NPUBUBKU (PUECHUPOBAIIICHE B PACTBOpE
XPOMOBOI U YKCYCHOH KUCIOTEL M (opmanuHa (peienT cM. crp. 21), zareum
VRIAIBIBATHCE B IapafuH u paspesajnuch HA o0pasibl MOMEPEYHOro U
NIPOIOABLHOTO CeUeHUs TOJIMUHOHA B 15 (. O6pasus! oxpamnBann B cappaHuHe
u T. H. skecThoM rpuse (fast green), a moTom MOHTHPOBAIM UX B KAHANCKOM
0anbsae.

113 npuBuBor 1958 r. ©OpL10 B3ATO 3 JK3EMIIApa I8 MHCCIeTOBaHUIT
RayKIYI0 Heleslo B TeUeHHU 5 Heelb, 4 TOTOM BCE OCTATIbHOE BPeMs 710 ROHIA
JeTHero nepuojga MHTEPBAI UCCIeoBaHUIl ObLI NBYXHeIeJdbHBIH — OOHOMECAU-
HBIfl. A Toro 49ro0Bl TOYHO NPOCIeUTH KaR Y IPUBUBOK B IIepBOe BpeMms
IIpoTeKaeT Ipolece coOBITHH §blJIO B3ATO W3 NPUBHBOK 1959 r. 2 sK3eMIasApa,
KOTOpHle IIOABePradich HCCIAENOBAHUI0 KaMKOBIH JeHb B TedeHHHM MepBmix 14
AHell, a IMOTOM Ka:KIBI BTODOiIl JeHb B nociaenylomue 14 gueii. Hpome storo
OBIJIO HCCIIETOBAHO HEKOTOPOe KOaAN4ecTBO 1 — 3-TOTMYHBIX TPUBUBOK.

Anamomuveckue Oemaaul J M0A0061X CMBOAUKO8 COCHB! U eall, TAKOBEHIE
KaKuMY 4eJJOBEK BHINT HX Ha JoIepedyHOM M TAHTEHIHNANBHOM, a TaK:ke I Ha
paguanbpHOM (JIy4YeBOM) IIPONONBLHOM paspese, uMemoTcs Ha puc. 16—17. B
cBOUX O0MMX 4¥epTax CTBOAMKE 00eHX IIOPO NOCTPOeHBI 0 ONHOOOpPA3SHOMY
crocody, HO OJHOBPEMEHHO C HTHUM HMeeTCs HeCKOJIBRO PAas3ianduil, JoCToHHBIX
0co00TO BHHMAaHUA, T. K. OHHM MMeIOT 3HadeHHe B 00pa3oBaHUN KaJjIwca U IpH
npouecce cpacTaHuA y NPHUBUBOK. IlapeHxXum, ndeskamuili BHYTPb 0T KaMOHMA
(cepaueBuHa, CcepAlleBUHHBIE JIyYH, CMOJISHbIE XOiBl), COCTOUT y COCHBI U3
TOHKOCTEHHBIX KJIETOK, B TO BpeMA KaR 0O0JbIIag 4UacTh 3THX KICTOK V enn
HMEKT OfepeBAHEBIINEe CTEHKN. OJIuYeCTBO CepPALEeBUHHBIX JIyuel, BeIlyHIuxX
CMOJIAHBIE XOIBI, Y COCHBI 0OJIpllie HEMeJH Yy e, NpudeM IOCICIHAA COBCeM
He uMeeT UX B OJHOIOJIUUYHBIX ToGerax. ONpo0KoBeBIIaa (Cy0epUHU30BAHHAA)
YACTh TepuaepMuyMa ¥ MOJIOTBIX II00eroB €I TOoJIle HemeJIn y COCHEL.
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CyYbsi-BeTRH eIy MMeloT (oJbllle JIUCTOBBIX CJIEN0B Hesiedn cocHbl Jmmwcrp.
I u II:1—5 moraswpIBAIOT ITIOJIHBEIE KapTUHBEL U JeTann Kacawmuecs o0onx
9TUX JPEBECHBIX IIOPOJI.

Buideaertie cmoast M3 PAsPe3aHHBIX CMOJIAHBIX XO0J0B €CTh IlepBad, Yike
Tasie HEBOODYIKEHHOMY IVIady, BUZHMMas peaKIUA PaHeBBIX IIOBepXHOCTell.
Huuero me mmeercs, 4To MOTJ0 OBl HaMeKaThb Ha TO, YTO CMOJA IIpejicTaBJser
co0oif Karyo TO Iperpajgy Adsa cpacTaHus y IPHBHBOK, KaskeTcd Hao0OpOT,
YTO OHA B JAHHOM cjydae CIYHUT Kak OB 3amuToil. Boabmaa 4acTh CMOJE ¥
HCCIegyeMoro Marepuaia Obiia pacTsopeHa (QURCUDVIOMIUMU JKHIAKOCTAMHI W1
CIIUPTAMH, & CJIefOBATENIbHO I He UMesach B MUKDOCKOIMYECKHX IIpernaparax.

HaoaauuoHmslll ¢a0ll, COCTOAINNI U3 HEIOCPEICTBEHHO M KOCBEHHO IIOBPEH-
JeHHBIX KJIeTOK, ofpasyeTcsa Ha IOBEPXHOCTH Daspesa B KOpTekce, ¢uoaMe u
KaM0uyMme y o0OMX KOMIIOHEHTOB IIPUBUBEM. B (UIosMHON dYacTH, Kak B ee
AKTHBHOII TAK M HeaKTHBHON dYacTH, HMeeTcs KpoMe 3TOro OoJIbllIag 4YacTh
IPOBOIANINX KIETOH, KOTOPHEle OYAYT Tak/ke BXOTUTH B M30JIALMOHHEIN CIO,
TOTOMY 4YTO BTH KJIeTKH He 00.1a7ai0T CIIOCOOHOCTBIO Y4YacTBOBATh B 00paso-
BaHNN Kasljloca. ¥ COCHBI H30JAINMOHHBIA CIIOH BeTpeuaercs Tawr ke M Ha
mepepe3aHHbIX MAPEeHXUMHEIX TKAHAX, ¢ BHYTPeHHell CTOPOHBI KaMOUs: cepHRile-
BUHHBIE JIYUYH, CMOJIAHbIE XOAB U Cep/lieBUHA.

Veeauuenue xaemor, NpHIeIKAINNX K pPaHeBOil II0OBePXHOCTH, HABJIACTCA
nepBoil 3aMeTHOIl peaklMeil MRUBEIX KiIeTOK., OCO0eHHO OBICTPO pearupylor
SMUTEeNNAJbHEE KIETKH, V Ilepepe3aHHbX BeDTUKAIIbHBEIX CMOJSAHBIX XOJ0B, B
KopTekce (mamwcerp. I1I:1—3). Vike Ha BTOpOIl geHb IIOCIe NPUBUBKM OHU
OTUYETJINBO YBEJINYEHBI I IIPUMBIRAIOT BCKOPE BINIOTHYIO K CMOJIAHOMY KaHaly,
YacTo AAJTEK0 HaJ TeM MeCTOM I'Je 9TOT KaHall OblI paHeH. Y BeJnuueHUe KIeTOK
HA paHHell cTagum sABJIAETCA NPU 3TOM OOBIYHBIM ABJIeHHUEM, NPaKTHYeCKU
TOBOPHA, [JA BCeX TOHKOCTeHHBIX HApPeHXUMHBIX KIeTOK, Npuiae;Ralux R
PaHeBBIM IIOBEDXHOCTAM.

Henentte kaemor y TOABOS W IPUBOA HauHHAET NOABIATHCA HA 3 —4-1f geHb
Tmocye MPUBUBKY ¥ IPORCXOTUT BOIN3H NPHUIeraHnsa HX K PAHEBBIM IIOBEPXHOC-
TaM. llepBoe pelleHHe KIeTOK HacTylmaer 9acro y INIPUBOA, OH jKe HMeeT I
G0JIBIIYI0 AKTHBHOCTb B IepBHE JHHU II0CIIe IPUBUBKM. ¥ COCHBEI OBLNIO BIIOJIHE
OTUeTJINBO BHIHO, UTO caMoe paHHee JejleHHe KISTOK MOABIANOCH B (I03MHOIL
U KavOnanpHOH yacTH cepIUeBHHHBIX AydYell, a IIOTOM TOJIbKO HECKONbKO JHell
TO03/Ke IOABUIIOCH NelleHre KIeTOK Tak jie U B KOPTeKce — KaK B CMOJIAHBIX
X01axX TaR ¥ B O0BIYHBIX KJIETHAX KOPTeKca. ¥ eJH jeseHHe KIeTOK OBLIO
KOHCTaTUPOBAHO BO BCeX BHIIIle HA3BAHHBIX TKAHAX OJHOBDEMEHHO.

Hanbonpinaag aKTHBHOCTL JeJIeHHA HIETOR IIPONCXORHT B 00aCTU HAXOIA-
meficad B G1aronpUATHOM IOJOMKEHNH ¢ TOYRKW 3PEHHMsA NUTATeJbHOT0 U TpaHc-
TIOPTHOTO COCTOAHNA. HIIeTKN BOKPYT JIMCTOBBIX I BETOUHEIX CIIe0B, 4 TaR
e U KJICTHU B CePIIeBHHHBEIX JIyyaX, KOTOPBIe BBIXOAAT M3 T. H. JHCTOBBIX
STIOKOB, ABJIAIOTCA 0CO0CHHO aKTUBHEIMM KakK 00pasoBaTelil Kajaoca (U0 CTD.
II: 6 —38). B ofmiem u 11eq10M TOABOM 70 CPACTAHNA NPUBUBKU 06pasyveT (oJbllIee
ROJIUYECTBO KajIioca HesKeJaHd IIPUBOH, HO JIMCTOBOR ciel, NpUIeRalinil K
TMOBEPXHOCTY Cpesa, MOMeT IPUYUHATL JIOKAJLHO GoJbllee o0pasoBaHie
KaJAJI0ca IOCIeTHHIM.

CepAlleBHHHBIE JIy4M, OTpe3aHHble HA caMoil mepudepnu §aosMsl, 00pasyiorT
yame Bcero 0Onblie Kajjlioca HeRelIn TaKOBBIe, KOTODBIe OBINHM OTPE3AHBI
BOIM3N HIM B cMOil KamMOmadbHOH 30He (mmmoocrp. XIV:5—6). I'panuna
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MeHAY (I05MOM U KOPTEKCOM ABIAETCS OYeHb aKTWBHOII soHoil (MmIioctp.
V:11).

Camoe HaunepBelilllee [elleHNe RIETOK He IIOABNAETCS II0d RaRHUM Jubopa
oIlpefelIeHHEIM VYISIOM II0 OTHOILIEHWIO PaHeBOil IIOBEPXHOCTH, DTO OTHOCHTCH
0co0eHHO K cocHe (mitocrp. V:1—3 u 5), rie nepsoeo GpasoBaHue Kauroca
4acTo HMeeT OYeHb HKCTeHCHBHBIM xapakrep. Ho BCrOpe Bce-TaKM jelieHHe
KJIETOK IPUHUMAET OIPeleNleHHBIl Y30D H OT/0KeHHe HOBBIX KIETOK IIPO-
HCXOOMT YyiKe TaK, 4TO MX HOBHIe CTeHKHM IIPUHHMAIOT Gojlee HJIU MeHee
mapajilelIbHoe II0JIOjKeHHe II0 OTHOLIEHWI0O K PaHeBOW IIOBEPXHOCTH (UIi0-
crp. V:6—8). Ora 3aKOHOMepHAA MepHCTeMa DPasBHBAeTCH B KOPTEKce B
npoOroBhIiT KaMOuil (Qesmoreruil).

Hambnanbuasg 30HAa y NPUBUBOK BIPHRIAT HrpaeT NMOTYHHEHHYI DPOJIL B
Jeqe ofpaszoBaHuA Rajdooca (mmnioctp. V: 7). KammocHble TRaHE OT 0foux
KOMIIOHEHTOB IIPUBUBKN, HaxojAIlWecd BHe KaMOuaabHOIl 30He, OOBIYHO
YCIeBawT COeNUHHUTHCA APYT ¢ APYIOM Ipe:ae 4yeM B KaMOHaIbHBIX HIeTKax
npomsolifer HeobxopmMas UepecTpoiika uxX cmocola jelieHMA. Y IPUBUBOK
IO KOPY KOHTAKTHasA IIOBEPXHOCTD MOIBOSA ¢ IIPUBOEM COCTOUT B CBOeil DoabIeil
yacT U3 00Ha/KEeHHOTrO KaMOus, OTKy[a Yy COCHOBHIX IIPUBHUBOK IIOJ KOPY H
NPOMCXOONT OUYCHbL CHUJALHOe o0pasoBaHue Kajuawca. IIHUIUaTHBY O0epyT
RJIETKNI CePOLEBUHHBIX Jy4Yell, HO OUeHb CKOPO MOKHO BHIETh, uTO 0oablIas
YACTh KJETOK KaMOMalbHON 30HBEL TO;Ke IpHHUMAaeT ydacITue B Kakoil To
CTelleHH, 3aBUCSAIlee OT XapaKTepa IOBPe:KAeHUI JAHHBIX KIETOK IPH IIPOHU3-
BoACTBe NpuUBUBRU. [logBoil cocHel o0pasyer Kamnioc Kar OT OOHA/KEHHOM
IIOBePXHOCTH [PEBECHHBI TAK B OT HOJBKH, T. €. IIOJOCKH KODBI (MIJIIOCTD.
XII: 1), B To BpeMAa KaKR y eJ0BOro IofBosd o0pas3oBaHNe Kajljloca OblIO KOH-
CTATHPOBAHO JIUIIL OT JOINbKNW, HO Ja)ie W TaM 3To OBLI0 OOJbIIEH YacThio
cryno (uwamiocrp. XVI:11), Ecau cpes (Hagpes) Ha MOABOe clesaH IO OTHO-
IIeHNI0 KaMOua TaHTeHIHMAJIbHO TO TOrJa IHOBEPXHOCTH cpesa (Hampesa) Oymer

Tadauma 1. MMHTeHCABHOCTE JEICHHA KIETOR B PasTHYHLIX TRAHAX ¥ IPABABOR
COCHBI H €JH.

Traub cocHa | el1b

B0 05 1 2c] 0.5 - 1N — —
HOPTEKC, OCHOBHBIE THAHH v vvevsvunruoas e + 4+ 4-F + 4 ¥
Hoprexe, sTHTEINH CMOIAHBIX XO0A0B A e o A + 4+ 4+
D105M, CEPRIEBUHHBIE JIYUHM ¢ v vvsvrauenes e .. o e e ¥ o L
D105M, BEPTHRAILHLIH HAPEHXHM + vt vttt vneensenrsnsernsnas 4 +
D1osM, HOIHOCTLIO MU {epeHIIPOBaNIILIE CHTOBMIHEIE KIIETRH — —
30Ha KAMOUA, CEPRUEBHHHDLIE Y UM v\t vueeinsonrnrrrneeinons + 4 4+ R *
3oHa I\‘aMGHH, mnpovdue He:md)daepenuuposanﬂme MJIY HeIIoJIHOC~

TBI0 TUPGepeHIUPOBAHHbIe KISTRH 4+ T+
Henaem, cepaiieBUHEBIE JYYH 4 ouv. .. -+ —(+)
Hceumey, sUTe M CMOIAHBIX XO0I0B + -
Heunmey, IOTHOCTHI0 AuddepeHInPOBaHHLIe TPAX AL .. — —
CepaueBuHa, JUCTOBOH H BETOUHDIA MIOKHM .o .v v v vvrorarrans + 4+ —

* TrHAHN NMOJ BJINAHHEM JeHCTBUS OT JUCTOBBIX ¥ BeTOUYHBIX CIeNOB IPOABIAIOT O0JIBITYIO ak-
TUBHOCTL HEKeJNHN APpyrue COOTBeTCTBYIOIIE THAHH,
-+ -+ -+ 4 oveHDL JOJABIIAA HHTEHCHUBHOCTDL JeldeHHA KIETOK.
+ 4+ + JonbaA HHTEHCHBHOCTD JCJeHsST RIETOK.
+ + HHTEHCHBHOCTE JeJ e HIeTOR BAPhUPYET, HO YTO jHe KRacaeTcs cePAueBHHEL 11 THCTOBEIX
JIIOKOB Y COCHELI TO HAYAJO 3TOro HelicTBHA NPOABIAETCS yiRe Ha paHHell cTagny, a HIIa‘E@
TaRoBasl HACTYIAET AWIb II0CIe TOTO Kak yie HAYAJIOCh JejleHNe Y NPIJIeTAlHINX TRaAHEH.

+ IedeHre BAPBUDPYIOUIEIO Xaparrepa MOMieT MPOMCXOIUThL, HO BCe jHE TA4KOBOE YacTo
COBCEM OTCYTCTBYET.
(+) KOrga NPHBUBKA NIPOUSBeNeHa IIO3MHO TO TOTJA KCHIEMHLIe CEePAIeBHHHBIC Y4l B ApeBe-

CHHE MOCIeTHero roga MoryT o0pasoBLIBATE KAIIIOC.
— JesIeHHe KJICTOK OTCYTCTBYET,
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TaKoil yKe caMoil Kar M Yy T. H. HPUBHUBOR BOpuKIan (uiamwerp. X VI: 10).
PapuanpHBI cpe3 (Hagpe3) 00BIYHO NPUBOAUT, B CIEACTBHU IIIOXOH MOJTOHKHE
MeRIy HKaMOUAME IIPHUBOA U IIONBOS, K OHUBICHHOMY 00PasoBaHMIO Kajuioca
y 0001X KOMIIOHEHTOB IIPUBUBKM B UX KaMOHaIbHON 30He.

Of6pazoBaHne KajIloca 0T TapeHXUMAa ¢ BHYTPeHHeil CTOPOHBI KaMOHaIbHOIT
30HBI BCTpedaeTcsa TOJBKO Yy COCHBI M 3TO MO;KeT MHOrga OBITH JOBOJILHO 00-
LIHPHOTO XapakKTepa, B 0COOEHHOCTH OT CepALEBWHBI U OT 30HH JPeBeCHHHI,
B TOM MecTe I'ie OBIIIO HalifeHo §0/blle TaDeHXUMHEIX TRaHel HejKedl HOpMalb-
HO, II0 HIPUYMHE KAKOI'0 TO IMOBPEKIEHUA, KOTOPOe OBIJI0 HaHEeCeHO KaMOHio BO
BpeMA IIPUPOCTA — B HEKOTOPHIX CIyYafAX IIPU UCCIefOBAHUU I'PDAHNIl MerRay
TOIUYHBIMU KOJBIIAMH ¥V TOJBOA COCHBI (mimoctp. VI: §).

CHJIOHHOCTL OTHEJIbHBIX TKaHell K 00pa3oBaHMI0 RaJIl0CA ¥ 00OUX BHIIIE
Ha3BAHHBIX IT0POXI IOKasaHa B Tabnume 1. BoJblasg axTUBHOCTH OJHOIO H3
KOMIIOHEHTOB IIDHBHBKHI MOKeT, KaK 3TO II0KAasa/o, IOBJIMATH Ha COIpHU-
Kacawluecd TKAHWM IapTHepa TaR, YTO AKTHUBHOCTh HX IIOBHIIIACTCH yiKe
mpeae deM HeIOCpeACTBeHHOE COeJUHEHHEe COBepPIINIOCh MEKIY THAHAMU
000X KOMIIOHeHTOB IIPHUBUBEKH. 3fech pedb HUAeT O TOM BO3[elCTBUM, KOTOpOE
TepefaeTcda 4epes, pasyMeercsd KOHeuHO, He TaK Y¥K CHUJIBHBIN M30IALMOHHBIN
€101 M IIpH 3TOM (e3 yuacTUA NIasMaTHIecKIX COeJUHeHUH MeKIY KIeTRAMMU,

Cpacmanue mexncly napeHTuMamuieckuMil Kiemramu ObIIO KOHCTATHPOBAHO
yepes 8—10 gHefl nocie NPUBUBKU. Y BCeX IPUBHBOK NPOU3BEIEHHBIX B
BereTallMOHHOM JOMUKe, KROTOPBIC HNMeIoT NPeNNOCHIIRN IJf8 TalbHeUIlero
PasBUTHS, WMEITCHA NapeHXHMHBIE COeTHMHEHHA Yike depe3 15 mOHell mocae
NPHBUBRHU. BO3MOMKHOCTL COeIHHEHUA HMEKT TOJIbKO HOBOOOPa3OBaHHEIE
KIeTKM TIoCJe¢ TNPUBUBKU. ¥ T. H. NPHUBUBOK BIPHUKIA] IlepBbe COCXUHEHH:T
Me:KAY HOBBIMH KJIeTKaMH, o0pa3oBaHWe KOTODHIX IIDOHCXOOUT OT THKaHeil
HaXofAIUXcsA 3a KaMOMaJdbHOM 30HOIH, NPOMCXONUT TIJAaBHBIM 00pasoM oT
HKOPTEKCOBOH M (I09MHOI yacTH CepaueBUHHBIX Jydeil (wamoerp. V: 7, 8, 12).
VY T. H. IPUBUBOK [0 KOPY (BepTHRAIBLHOTO HAajpesa CTBOJHKA-IIONBOST),
KOTOpBle OBLIU IIPOM3BeldeHBl 110 criocoly pagualbHOI0 Bpesa B IOABOI Tak,
UYTO He NMeeTCA HI RaKoT0 HelloCPeICTBEHHOr0 KOHTaKTa MEKIY ITOBEPXHOCTRIO
Hagpe3a B IOOBOe, ¢ OTHOI CTOPOHBI, W IIPHBOeM, ¢ OPYroil CTOPOHH (puc.
18a), mepBBIe COeAMIHEHHS MeOY KaJIlocoM OT KaM0uaJbHOI 30HBI IIOIBOST
cOoBepIIAlTCA B IIOJIOCKe, T. e. HOJbKe KOPBhl, B TO BpeMs KaK AKTUBHBIMU
TKAHAMHI y NPHBOA ABIAKTCA IIPeKe BCET0 CepHLeBUHHBIE JIVUU U KalJIioc OT
KOpTeKca, (WIOAMHBIX CEpIIEBUHHBIX Jyueli M ceprueBuHsl (ummoctp. XII:1,
X:11). V IpUBHMBOK II0]] KOPY, NPOU3BEIEeHHBIX IO CIOCO0Y IIPOTOJIBHOIO
(TAHTeHIMAIBHOTO) Bpe3a B HoaBOMH (puc. 18b), Brilue HazBaHHbIE COEIUHEHIIS
COBEpIIAIOTCA TaKike W IIPM ITIOBEPXHOCTHA Bpe3a, crocod 3TUX COeNUHEHHI
TaKOI ke KaK I Y IPUBHUBOK BIpHUKIAI. CoeIMHeHNE Meray HOBoOGpasoBaHHBIMU
KJIeTKaMH MOKeT NPOUCXOAHTL He3aBHCHMO OT TOI0 OT KAKUX THAHel »Tu
KIETKH BeIYT CBOe IIPOUCXOKIeHHE.

deaaoeerHoe coedurneHue. Hepes MOCPEICTBO COEIUHAILEI0 €aMOro Rpafi-
Hero IapeHXUMa B CTBOJMKE HAYHHAECT OYeHb CKRopo Tud@epeHHUPOBATHCA
(emaoren (NPoOKOBHEIH KaMOMYM), KaKOBOI COENIHAT TAKOBbIE, KOTOPhIE Viie
UMeTCA MJIM HaXOmATCSA B IIpollecce 00pasoBaHMSA BOJb PAHEBHIX IIOBEpPX-
HOCTell KOMITOHeHTOB IPUBUBKH (T. e. ee¢ IPUBOA U mnoxsos). IlonHOCTBIO
o0pazoBaHHble COeMHEHHA MeIy (enaoreHoM IoaBIAlTcA depes 15—20
maHelt rocste mpususku., Crapwle QensioreHbl (IPOOKOBEIE KAMOUYMEI), KOTOPBIE
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Ha caMoff RpaiiHeit HepudepHH orapayKUBAIOT CTBOJHII, HE IPHHHMAKT
ydacTuAa B 00pasoBaHUU HOBBIX, 4 COeJHHEeHNe MerkAy HUMH HaulHaeT COBep-
1IATEOA B CBOe BPeMsA MajIo II0-Mally M IIPOTeRaeT CBOUM depeoM.

Coedurernue Mmearcdy npogodauyumMil MKEAHIMU OBLIO KOHCTATHPOBAHO IIPUMEPIIO
geped 3 HeleNd y XOPOUIO TOATOTOBIEHHBIX NPHBHBOK. B TO BpeMsa Kar y
IIPUBUBOK ¢ MeHee XOpoIlell II0OATOHKON 9TO COeMHEHIe MOKeT 3aTATHBATLCA
710 5—6 HeZedb. ¥ IPUBHBOK € XOPoUlel MOATOHKON NIPUBOs ¢ II0ABOEM HelleHue
B KaMOHAaIbHOM 30He OOBITHO BeleT TIOUTH CPa3y K COeUHEHUIO MesKAy IPoBoIa-
My Teadayvu (unasnocrp. VIIi2-—-3, XV:4)., Ilpu srom obpasyercsa JTHIIL
HeGoIbII0e KOJMNUEeCTBO KOPOTHUX, 60l1ee UM MeHee HeDeTVISIPHEIX (Hempa-
BIJIBHEBIX, OCIOPSIOYHEIX), KIEeTOK. YacTo MOMKHO BHEETh, 4TO COedUHeHHe
HOBOOOPA30BAHHEIX TPaXeu] CoOBepUIaeTCs IIpeskae ueM NPOUCXOINT co6CTBEHHO
caMo KaMOmaJgbHOe coequHeHHe. Horga kaMOHYMBL JieskaThb [OJr0e BpeMdA
pasgesieHel MeskAy co00il To Torja PacIpoCTPaHIIOT OHHI ceds depes IoCPENCTBO
MeRIVIAeRAINX NapeXAMHBX TRaHell, 9To pacnpocTpaHeHue HAET B Haupasile-
HUHU UX APYT K JIPYIY H BeleT K TOMY, UTO KJIeTRH meinddepeHIUpyoTca U
OIISITh HaYMHAIOT gemTheA. JudepeHimanusa Tpaxeul Ha ApeBecHoll cropoHe
UacTo HAeT B HAIPaBIeHHH KaMOHaIbHOTO IIosgca, B TO BpeMda Kak CBA3p HA
(p:ToBMHOI CTOPOHe 3ajiep:KUBaeTCA HEROTOpPOe BpeMA IapeHXHMMHBIMHA KeT-
KaMH, KOTOpPBle TOJIBRO CO BpeMeHeM MaJo M0-Maly HaduHanoT IufepeHin-
POBATLCA B IPOBOAAINNE KISTKU.

ITocroabrO KaMOMYM IIOJBOA ViKe NIPH IIPOU3BOACTBE NMPHUBHUBKE HAXOIUTCA
B 7eATeJIbHOM COCTOAHHH M KpoMe TOr0 HMeeT JYYIIHH [JOCTYH BOOLl U
NHUTATeIbHBIX BeIecTB YCIleBaeT OH, YiKe K TOMY BpeMeHH Korja coejuHeHUe
RaMOHA MOMRET COBePHIUTHCSH, OTIOKNTDL HECKOJIbKO HOBBIX TPAaXEeMIHEIX PAAOB.
ITO BejeT K TOMY, UTO RaMOHYM COBHIaeTCA HAPYRY U yAadseTcA oT KaMOuA
IIPUBOSI, ¢ KOTOPBIM OH OB TOYHO NMOTOTHAH, HO «PAacTeT BIIePCTOHKY”» OHBI,
HOTOPBIH IoMecTHIICA cHapysRu (puc. 32, wnimocrp. VI 3).

IlepBrle coeguHeHHA Me/RIY NPOBOIANINMH TKAHAMHU Yy T. H. IPHBUBOR
BIIDHKJIA 0UeHb YacTO0 BHOBL HAXOXATCA MeIRIY «I0JbROIP NTOIBOA U TKAHAMH
IIPH ROPOTHOI MOBEPXHOCTH cpesa B Moxsoe (miaamocerp. VII: 2, 7).

Hu coegnnesna mapeHxuMa, HH COeJUHeHHA RaMOHs NPOHCXOINT OJHOBpe-
MEHHO BJOJb Bceil IIOBEPXHOCTH CPe30B HPHBHBKHM — TaKUe COeIMHEHHA
COBepINaloTCcA cHavala TaM, T. . B TeX MecTax, Ijle TRAaHH XOPOUIo IIPHIeraiu
APYr K APYyTY U CHEHHAILIO TaM TAe aKTHBHBIe TKAHU HaxXOAWANCH DAIOM
B03:¢ IIOBEPXHOCTH CPe30B IIPHBUBKH.

JIncroBele cieanl IMOKA3aJdH, UTO OHN HrpalT OO0JbIIYIO POaL Kak II0Cped-
HHEKH IPOBOJAILMX CBszell, 2To HAOIaeTCA CIeIUAIbHO Y €1, ¥ KOTOpPOil
OHH BCTpeuaroTcsa B 00JBIIOM KOJNUECTBe W J0JIT0 OCTANTCH JedkarTh B TRAHAX
KOPTEKCa, MpeAsIe YeM OHU MOKUNAIT e¢ CTBOMMR (miloctp. XVI:i1-—-6, 8,
puc. 33).

HamGuaabHoe coeHHEHUC BO BHYTPeHHEM YLy ¥ T. H. IPUBUBOK II0H KOPY
CIIOYRIIOE T 3aBHCHT OT B3AUMHOIO ITOJIOMKEHHA TRaHel MemxIy cofoil ¥ KoMIo-
HEeHTOB TIPHUBUBKH. Horga «I0JIbKa» OTIEIAeTCS OT APEBECHHBI TO M CaM RaM-
OMyM Kay NMPAaBHIIO CONPOBO;KTaeT ee. [IpuBoil HMeeT, BO BCAKOM CIydae B
cBoell BepXHefl 4UacTH, ABa CBOGOJHEIX Kpad KaMOud, HalpaBJIeHHBIX BHYTPb
yraa — OJMH M3 HHUX 00pallleH B CTOPOHY «JOJIbKH», a APYroil HampabIeH B
CcTOPOHY Apemecuupl. Puc. 22 HATIOCTPUPYeT KaR NPOHCXOTUT COeTUHEHHC
RaMOUA NMPH PasinyHOoil MIIpoTe ero Ha npusoe (eM. mnrocrp. XII1: 5 —7),

9--313381
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Cpednue mranu. 3T0 coBCeM He 00A3aTCIbHO, YTOOBL LIedb MEERAY IOBepPX-
HOCTAMM JPeBeCHUHBI KOMIOHEHTOB NPUBUBRU 3alIONHUIACH TKAHAMI RaJiIioca.
Rorpa TkaHu cHapy:xu OLICTPO 3a7eYMBAOTCA 0€3 3HAYUTENHLHOT0 00pasoBaHus
Rajioca To o0BIYHO ObiBaer HaoGOPOT, 4YTO 3Ta Ilesdb ocraercs Iycroif. Te
CcpefHNe TRAHH, KOTODBie BCE-TAKH BCTPEUYAIOTCA, NPOMCXOMAT ¥ €I MCKI-
YHTeJBHO OT TRaHel, JeiKallIX CHapy#:#u APeBEeCHOr0 UIIHHADPA, KOTOpPHIe
AKCIAHOUPOBaau cefd BHYTPb MeEHRIY COOTBETCTBYIOINMMU IIOBEDXHOCTAMH
JpeBecUHBl. Y COCHBI B 00pa30BaHHM CPeIHHX THKaHell NPHHHUMAIOT yuacTHe
Kak [MapeHXuM, JeRalnil ¢ BHYTPeHHell cTOPOHBI KaMOUA (RJIeTKH B CMOIAHBIX
X0JaxX, CepAlIeBHHHBLIX JIVUaX, JIACTOBHIX JIOKAX M cepAleBHHe) TaK W TRAHH,
Jdejkauie cHapY:RI ApeBecHoro nuamHpa (mmIiocrp. VI 7—10). Cpemguue
TRAHI MOTYT IpeTepleBaTh pHPepennmanmioo. MepucTeMHBII II0AC KaM-
0manbHOTO XapaKTepa 4dacTo o0pasyercsa CHOHTAaHHO, 4YTo HalmIoJaercs o0co-
0eHHO V COCHBI, M OTKJIAJBIBAeT HEKOTOPOe BPeMsA — 10 TeX I0D HORa UMeeTCH
MeCTO — IIPOBOASLIME 3/1eMeHTHl. I{aMOUyMBl PAacIOoJIoyKeHbl B BUge AVI U
OTHIAZBIBAIOT KCHJIeM HAapy:HY, a (uosM BHYTphs (waaocrp. IX:§, 9). Te
TKaHH, KOTOPEIe CHAPYHKH BXOIST BHYTPb MERIY ADPEBECHBIMH ITOBCPXHOCTAMH
9ACTO COMPOBOKIAIOTCS KAMOMeM, KOTODLIH JOBOIBLHO CROPO OTIEITETCS OT
CBOEro IepPBOHAYAJBHOI0 KaMOHS, TOI[a Kak 9TOT, I103Hie HA3BAHHBIN, coemIl-
HAeTCA ¢ KaMOMeM IPYIoro KOMIIOHEHTa IPHBHBLU., JTH «OTHEICHHBIC» RaMOIi-
VMBL 00pasyIoT [IYTH 10 TAKOMY 3Ke CaMoMy CIoco0y Kak 3To HabaioJaercs ¥
TAKOBBIX, KOTOPBIEe 00pa30BalUch CHOHTAHHO (MiaIwocerp. IX:11—12).

3anavieaHue cpezarHo20 nodgod. JIeToM, To)[ CIIyCTs IIocyle IPUBUBRY, cpesa-
eTcsa IIOABOM KOCBIM CPe30M HeNOoCDPeJCTBeHHO BLIIIe BePXHEIro KOHTAKTa
¢ nmpuBoeM. OO0pasoBaBIIascA paHa 3alliIbIBaeT €O BCEX CTOPOH M IIpOTeKacT
TOYHO TaKUM sKe CII0CO00M KaRK 3TO NPOMCXOOHMT II0Cae OO0BIYHOH 00pesru
cyubeB (puc. 23 —28). I'lpn ucciicaoBaHny BO BeexX ¢IyYaAX ObLI0 KROHCTATH-
POBAHO, UYTO B JAHHOM Hpoilecce NPUHUMAIT YYACTHC IMWb TOJLKO THAHH
HNPOUCXONAIUe 0T IoABOs. INpaifl s3amasisa odpasyercsa HaANCHILHEHIINA B Tex
000uX CTOPOHAX, KOTOpHle IpaHHMUaTh ¢ IpHBoeM, cjlafee OHLIE B MecTe Ha-
XopAlerocd NpAMO HAOPOTUB IIpHBOs K Hambosee caalolii kpail saminBa
ofpasyerca B TOI CTOpOHe, KoTopas ofpalleHa OT IpUBOA (¢M. pHc. 29).

Baxpoiira, m. e. 3apesra uau Hadpesrd, 0oabKu HQ Nodeoe y m. ii. NPUBLEOR
énpukraAad MOsReT IPOU3BOAUTLCA ABYMA cHocobaMH, HMEHHO TaRr Kalki 39To
IIOKa3aHO HA PHUC. 3—4 M COOTBETCTBEHHO puc. 6—7. M3 »TUxX ABYX €r1ocoboB
SICHO BUIHO, YTO BHH3 OOpanleHHBIl cpes 1a puc. 3 —4 nMeer npejruoureHie.
Roraa e 3apes menaerca ofpalieHHBIM BBepX TO TOTHdA jpeBecHasd IIACTHHRA
Oyrer JIe;KaTh COBCEM B BeDIIHHe-HOCKe TOJBKI M 3THM CaMbIM OVieT ABIATLCA
NpenATCTBHEM [JIF PABHOMEPHOTO CpacTaHus MEKAY J0JIbROM U KOPOTROIl
IIOBEPXHOCTBIO Cpe3a Ha IpHBoe (cpaBHHU Takske puc. 30 m 31). Mamoctpanuu
IX:13—~15u X:1—4 noraseBaloT IpUMep TeX Hapyulenui, ROTOphle HOABIA-
I0TCA 1IPU TeX CAYYasgX Korvia JoJbKa OblIa 3aKpOoCHA, T. €. 3apesaHa BBePX
ofpaleHHbIM cpe3oM. jlpeBecHas ILTACTUHEA [OMMHA WM 3aIllIBIBATh BHYTPD
HId OTTAJRUBATLCA (BHITAIRHBATHCA B CTOPOHY) IKCIAHAUDYIOIWHUME TRAHAMIIL,
Mnmocerpanun X:5 1 XV: 5 moKka3eBaoT NpUMep PaBHOMEPHOTO CDACTAHUA B
TeX CIyuYasgxX KOIJa [I0JbKa Ha IIofBoe Oblla 3aKpOCHAa, T. e, Hajpe3aHa BHU3
O0pAaLIeHHDLIM CDE30M.

ITo0eoHka kamGues §j m. H. NPUSUSOK enpukaad. Xopoulasg MOAIOHKA MERIY
RaMOHAMUI TIOABOST I IPUBOA ¥ ATHX NPHBHBOK ABIAETCA NPEINOCBLIKON 114
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OBICTPOrO 3ajieduBAHIA MeCTa PAHeBOTO COeTHHCHUA MERIY KOMIIOHEHTaAMU
npuBuBRY. Ho 2T0 Beceraru He o3Hauaer, UTO KaMOUY IPUBOA U [TOJIBOST [TOJFREB
TOUHO JIesKaTh APYT NPOTUB Apyra ¢ CaMOoTo Havana IPWBHBKH, CM. BbIile, Ha-
000poT ryymie ObIO OBl ecau OBl KaMOUil IPHBOA PACTOI0KUIACT OBl HEMHOMKEO
CHAPYMU 32 IpuieJaMH TIpaHUIbl KaMOHA ITI0[BOA, AJA TOIO0 UYTOGBI KOM-
MeHCUpoBaTh NIPAPOCT, T. €. POCT ¥ KaMOHA OpHBOA (pHC. 32 ¢—x).

VcenenoBaHus IMoKasany, 4ToO ¢leIaTh XOPOLIVIO IIOATOHRY My ROMIIO-
HeHTaMU [PUBUBRU Y €M HpegcTaBiserca Iopasio TPYIHee HeskellH 3T0 caMoe
Y IPHUBUBEKU COCHBL. TPYAHOCTH IIPH IPHBHBRU €71 B IIePBYIO ouepelb 3aBHCEIH
OT TOI'0, UTO MOABOIl OBWI 3HAUNTEJAbHO KpYIIHee [0 CPABHEHUIO C MaTepUaoM
npusodA. Ho onbIT moxasand, 4To W B JaHHOM ClIydae HMeeTCH BCETAKH BO3-
MOMKHOCTL TOOUTLCA XOpoileil NMOAIOHKH Me:RIY KOMIIOHEHTAMH V IIDHBUBRU
eI, a WMEeHHO IIOCDPEeJCTBOM OUeHb IIOBEPXHOCTHOTO Cpesa — TAROT0 cpesa,
KOTODBIH TOJIBKO UTO JIUILIE TAHI'HUPYeT, T. e. Kacaercs APeBecHHH! II0B0oA —,
a OHOBPEMEHHO C 3TUM U IPHURIAIBIBATD IIPUBOIT cBOell HOBepXHOCTLIO HaApesa
(cpesa) mpAMO HAIIPOTHUR IOBEPXHOCTH Hajapesa (cpesa) Ha 1ojBoe. ¥ COCHBI
e Hao0OopOT JedaTh TARUE OYeHb INOBEPXHOCTHBIC CPe3bl vV MONBOA SBIAETCH
JeJIoM He yAauyHBIM, IIOTOMY 4YTO HMEHHO 3TO IPUBOAHMT y 3TOH OApeBeCHON
TOPOJAe 1 O:KUBIACHHOMY 0Gpa30oBaHMI0 RaJjIioca 10 BCell HOBEPXHOCTH Haapeaa
(cpe3a) — mpwm STOM TaK:Ke N Ha O0Ha/KeHHOIl ApeBecHHe —, ROTODHIH 3a-
TPYIOHAET cpacTaHHe MesRAY RaMOHAMI KOMIIOHEHTOB IIPUBHBRU MM ABIACTCA
Jare NPUUYNHOI TOMY, UTO NPHBOIl OTTANKHBaeTcs OT HoABodA. HeuTo Tamoe
mogo6Hoe He ABJAETCs ollaceHHeM B OTHOLIeHHHU eqau. CaMo mo cede paszyMeerT-
¢, HY/KHO BCeryna IMOMHHTL, YTO KOMIIOHEHTHI ITPHBMBKI JIOIHHBL CBABHBATLCS
XOpOIIo M HaJe;KHO, Tak 4YTOOH IIOOBOI He MOJAYUMI BO3MOMKHOCTH CedaTh
3aIIBIB CO CTOPOH O0HA/KEeHHOI IOBEPXHOCTH JIPEeBECHHBI, IIpeRIC YeM CBA3L
ero Oyger oTabaupoBaHa, T. C. YCTaHOBJeHA ¢ IIpuBoeM. OOBIYHBIE OUINOKMH,
KOTOPbie OBLIN CHeJIaHbl IPH IPUBHBRM CJH 3aKIIOYAMNCh B TOM, YTO HaAjpes B
IOOBOE JIedalcA CANIIKOM INIYOOKHM, a Takske M IIOTOMY, 4TO BHEIIHUE Kpad
IpUBOSA U IIOIBOS IIOATOHAIUCH B OJHON CTOpOHe, B pe3ylibraTe 4ero ramMOuii
NpUBOA J0M:KeH OBLT JNeskaTh B 9T0H CTOPOHe ajJexo Hapy:Ky 0T KaMmOus
MOABOS U OJHOBPEMEHHO TOjRe JAJNeKO BHYTPBH OT TOCHEeIHero o OTHOIIEHHIo
APYroft CTOPOHBI II0BOA (MOABOII KpyIHee HeyKeJIHM UepeHKH IIPUBOA), CM.
wttoerp. XIV: 8 u XV: 9. Hagpes depes ROPROBYIO 4acTh IOABOsI HMEHHO
OOJIbLIIC Heseda COOTBCTCTBYIOIMA YV UepeHKA NPUBOA.

CpaBHeHHe MesRIY I'OJIMUYHBIME IIo0eraMH COCHBL M eJId IIoRasajlo, 4To Kopa
¥V nocregHel cOACPIRUThE 3HAYNTEABHO MEHBIIVIO YacTh KHUBHIX THaHell (CpaBHHI
mwmoerp. [ 1—2). I'opuvyebie 1100erH eI ORPYMRAITCA IHUPOKUM CJIOeM MepT-
BBIX KJreTOK. IIpuUdeM TRAHU KROPTEKCA CHIBHO ¢MOPIMUHHCTEIe». B «T0aUHaX»
MERAY «XpefTaMuy, KOTopble 00PasyIoTCs U3 AUCTOBLIX CJIEI0B I MMH OKDY#HA-
IOIMHX TKaHell KopTerca cam KopTere odeHb TodHkuil. Ha ocmosaHuu Ttoro,
910 NponuduspHBle TRAHM (T. e. TRAHH cIoco0Hble 00PAa30BBIBATE KAJIIIOC) V
IPUBHBOYHEIX UYCPEHKOB €M HMMeIT II0 BelJHUUYHHEe CPaBHUTEIbHO MajdeHbRUII
00BEM TO B CJEICTBUU 3TOT0 TpeboBaHHUe HeslaTh XOPOIIYIO IOATOHKY KaMOusa
Vv IPUBUBOKE €I UMeeT GoJbllice 3HAaUeHNe HedRedau ¥ IPUBUBOK COCHEL

HcesegoBanusa SCHO TORA3adM, YTO HPU NPOU3BOICTEE INPUBUBOK U0 T. H.
cnocofy enpukaad HYyRHO OBl IpefnoduTars Gogee MOJIONOLH 1 TOHRUII MOABOI.

Hadpes ¢ nodgoe y m. H. npusuieok nod xkopy OB CIeNaH gByMs clocofaMu,
a MMEHHO pajHaJbHEIM M TAHTEHIUAJbHBIM crocoboM (puc. 10 —11 11 coot-
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BeTCTBeHHO puc. 12—14). RHorjga nagpes geaaercs B JIy4eBOM, T. €. PajilalLHOM
HallpaBJeHUH TO YepeHOK IPUBOA OVIeT TOra IeJIUKOM JiesKaTh, CPABHUTCILHO
71ajexo, BHYTPh OT IIOBePXHOCTU Hajgpesa (T. e. 0e3 Hajderkallero CONpUROCHO-
BeHUA ¢ 3TOH IOBepXHOocThIO (puC. 184a), a Te Kpad KaMOHA, KOTOPBIC B CBOe
BpeMA TOJIYKHLI COeJUHUTBhCA OVAYT JIesKaTh IPH 3T0M DasiiefibHO HA JO0BOJLHO
JCIMHHOM PACCTOAHUM ApYr oT Apyra (wirdiocrp. XI1I:3, 6 m XIII:4, 9). Korga
JRC Hagpes deIaercsd B TAHTeHIMalIbHOM HanpasIeHun (pue. 18b) To rtorma
HMeRTCA OO0JblIKe BO3MOMKHOCTI YTOOBL Iyullie IIOJOrHaTL KaMOUH KOMIO-
HEHTOB IPUBHUBRU H TARUM 00pas30M IIOJYUHUTDL IIPU 9TOM TaRHe NOBEPXHOCTH
cpacTaHmda, KOTOPHE IO CBOeMY XapaRTepy COOTBeTCTBYIOT (T. €. MOXO/RH MK
nogo6aloT) TAKOBEIM V T. H. HPUBUBOK BIpUKIan (mimawcrp. XIIT:11—12 u
XVI: 10—11). IIs Tex OULITHBIX IPUBHBOK e7IH, RKOTOPBIC JBLIM IPOU3BCHEHLI
0 ¢110co6Y T. H. IPHUBUBRU 07 KOPY ORA3AJHCh YIAUHBIMI TOJBKO Te IPUBHBRH,
V KOTODBIX Haapes3 V [H0AB0A ObLI CHelaH B TAHTeHIHAJILHOM HAlpaBICHUH.
CpacTadusa TPON30IIH IMIAaBHBIM 00PAas3oM V IOBEPXHOCTH HAJPEsa, B TO BPeMs
KaK J0JbKa, T. e. HOJOCKA KOPHBL yacro OblIa oTMmepmieil. IIpu TaxoMm cpese
Hagpesa B II0ABOe Korfa cpes Oeper, T. e. NPUXBaTEIBaeT ¢ cO0OI M yacTUIY
dpeBecusnl (puc. 34) moayuaeTrca IJAocKasl HOBEDPXHOCTL Hajpesa, KOTOpas
Jydille OpulIeraeT IPU COeIUHEHHUU ee C UePEeHKOM IIPUBOs, & 9T0 OJHOBPEMeHHO
NPUBOANT TakMHe K TOMY, UTO pasMep IYCTOro NpocrpaicTsa B 00pasyeMoM
yrie Toske OygeT MCHBIIC.

H3 smux dsyx Mmemodos, KOTOPBIe ObLIM NIPUMEHEHBlI HPU IPOBEIeHNN ONBITOB
BBISTBHJIOCH, YTO M. H. NPUBUERA enpuraad uMeeT sACHOe NPEHMYIIECTBO IO
CpaBHEHUIO C M. H. NPUeugKkoli nod kopy -— IPHU YeM 1A NPUBUBOR eJIH MOYRHO
PEROMEHIOBATD UL TOALKO CHOCO0 MPUBHBRY BOPUKIAL. HOPKOBYIO T0ILRY,
T. €. TIOJIOCKY KOPBI HYFKHO IIPY HTOM cpe3aTh TarkuM 00pPasoM uTCObI 0Ty dacs
Hagpes o0pamieHHb! BHI3. UTO sKe KacaeTcs M. H. NPUEUEKU nod KopY TO BTOT
CTIOCOd MOYKRHO PEROMEHIOBATH [AJA HPUBHBOR COCHBL B TeX CIydYasx Korja
TMPUBHBKA JOJKHA TPOU3BOANTLCA MaTePHalIoM MCIROIO0, T. €, TOHROIO IPUBOS
HA KPYOHBI WAW APYTHMH cIoBaMH ToJicTeill moasoil. Hampez mna moasoc
HYHHO Jge1aTb TaHTeHUHUaldbHbII,

O0bscuenne Kacawlleecd 3HAUEHMs 3HAKOB U COKPAUICHHI, yHOTPe( IeHHbIX
HA WITOCTPAUHAX U PUCYHKAX cM. cTp. 135.

* *

Pestome mepesed Ha PyCCRIIl A3BIR HHK.-1ecosoy M. Pyccanos.

* *
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ANATOMY OF GRAFT UNIONS

Key to the signs in plates and figures and other abbreviations.
Teckenforklaring till planscher och figurer jimte andra forkortningar,
O0nhACIICHIe 3HAYEHISI 31IAROB I COKpPAlleHUil, YIOTPEGIeHIHX Ha

scion

ympkvist
HePeHOR MPITBOSI
stock

underlag
oABOILIL

ITIIOCTPAIHAX W PHCYHERAX.

nx

stock flap (in veneer side grafts)
underlagsflik (hos ldggympar)
JOTBKA, T. €. 110:I0CKA KOPLI
10ABOsL (¥ LUPIBHBOR BIPHKIAT)

bark flap (in side slit grafts) ne
barkflik (hos sidsticksympar)
II0J0OCKA4, T. €. J0JbRa }fOl)LI

(¥ IIPUBIIBOR M0 ROPY)

cross section
tvarsnitt

moIepeuHslii paspes
longitudinal section

langdsnitt

HPOJOABIILUL paspes
radial longitudinal section
racdidrt langdsnitt

ph

n.ph

Cco

I)BHXXHJBIIO-III)OJIO[H)IILIH paapes

tangential Tongitudinal section D
tangentiellt langdsnitt
Taul‘eIII_LaZIL»IIO-HI)O,‘IO.‘ILHLII‘x paspes

incision face (in side slit grafts) phe
inskarningsyta (hos sidsticksym-

par)

MOBEPXHOCTh LAIpesa (¥ 1IPUBIBOR

110 KODPY)

n.phe

innermost corner (in side slit

grafts)

inre vinkel (hos sidsticksympar)
BrryTperinii $ToI (V IPHBUROK IO

ROpY)
contact laver
isoleringsskikt

H3OIANNOHHLIL ¢i1oil

pith (medulla)
marg
CepPIUEBHIIA
xylem (wood)
xylem (ved)

RCILIeM (IPeBecIia)

mr

re.c

old xylem
gammalt xylem
CTapBIH RewieM

new xylem
nytt xylem
HOBLIT RCHIeM
cambium

kambium
raMonit

new cambium
nytt kambium
HOBRIH raMOiil

phloem
floem
§:109M

new phloem
nytt floem
VOBBIT §109M

cortex
kortex
HOpTeKe
periderm

periderm
ImepuiepMa

phellogen (cork cambium)
fellogen (korkkambium)

135

dreaaorennii (Mpodrosuiil KaM§il)

new phellogen
nytt fellogen

HOBLI desrroreniifi (TIOBLIT IIpo-

OILOBLIT RAMOMIT)

‘ay
strile

CePIIeBHHHLI ayY

a resin duct)

hartsforande strale

= multiseriate ray (ray containing

CMOIOHPOBOJSININIIT cepALCBIHIIBIL

v

resin cyst
hartsbehallare
CMOJI0PEBEePBYAp



136 INGEGERD DORMLING

v.re = vertical resin duct d. = days
vertikal hartskanal dagar
BePTHURAIbHEBIT CMOIAHOIT X0 eitact
br.tr = branch trace w. weeks
grenspar veckor
BEeTOUHBIH ciIeq HeIe 1
Ltr = leaf trace m. months
bladspar ménader
JIVICTOBON Ca1eT MeCALL
1g = leaf gap pt. point
bladlucka punkt
JIWACTOBOIL [TIOR TIOTIHT

When not otherwise stated the length of the dimension line is 500 p.

Dér inget annat angivits &r mattlinjens langd 500 p.
Tant T IUYeTro APYyroro e yHa3aHo TO TOr a4 HYHHO CUHTATh, WT0 JIIIHA II.}_\I(’p"T(‘JbN()ﬁ JIHITH
pasHa 500 w.

Plate I. General anatomy.

1-—2. Scots pine and Norway spruce

respectively. C. One-year-old twigs.

Plansch I. Allméan anatomi.

1—2. Tall resp. gran. C av 1-ariga

kvistar.

3. Scots pine. RL. Pith. 3. Tall. RL. Mirg.

4. Scots pine. RL. Cortex. 4. Tall. RL. Kortex.

5. Scots pine. RL. Xylem with rayv 5. Tall. RL. Ved med xylemstrale
and vertical resin duct. och vertikal hartskanal.

6. Norway spruce. RL. Pith. 6. Gran. RL. Mirg.

7. Norway spruce. RL. Medullary 7. Gran. RL. Yttre delen av mirg.
sheath.

8. Norway spruce. RL. Xylem with 8. Gran. RL. Ved med xylemstrale.

ray.
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Plate II.
1—>5. General anatomy.

1.

2.

Scots pine. TL of xylem. Ray cells
thin-walled.

Norway spruce. TL of xylem. Ray
cells with lignified walls. Two
thin-walled epithelial cells in resin
duct of multiseriate ray.

. Scots pine. RL. Horizontal resin

duct, the outer part expanded and
forming a resin cyst.

. Scots pine. 35 d. C. In St three

multiseriate rays with resin cysts.

. Norway spruce. 46 d. C. In St

multiseriate ray with resin cyst.

6—38. Scots pine, veneer graft, 5 d.C.

6.

~1

[os]

Full view of graft zone. Rays
emerging from leaf gap in upper
part of scion severed by graft
cut.

23rd section down from 6. Detail
from Se. Cell divisions in rays
emerging from leaf gap, see arrows.

. 42nd section above 6. Detail from

Sc cortex with leaf trace. Telo-
phase inside the trace, see arrow.

Plansch 11.
1—5. Allmén anatomi.

1.

2.

. 42:a snittet ovan

Tall. TL av ved. Xvlemstralarnas
celler tunnvéggiga.

Gran. TL av ved. Xylemstréale-
celler med férvedade viggar. Tva
tunnvéggiga epitelceller i horison-
tell hartskanal.

. Tall. RL. Horisontell hartskanal i

sin yttre del utvidgad till hartsbe-
héllare.

. Tall. 35 d. C. Tre hartsférande stra-

lar med hartsbehéllare i St.
Gran. 46 d. C. Hartsférande strale
med hartshehallare i St.

—38. Tall, ldggymp. 5 d. C.
. Oversiktsbild. Ympsnittet har trf-

fat stralar utgdende fran bladlucka
i Ovre sidan av ympkvisten.

23:e snittet under foéregdende.
Detalj fran Sc. Celldelningar (se
pilarna) i strialar utgaende frén
bladluckan.

6. Detalj fran
Sc, kortex med bladspar. Telofas
strax innanfér bladsparet (se pilen).
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Plate III. Scots pine, veneer gdraft.
Reactions from epithelial cells of resin
ducts.

1—2.2d. C. 2 is the 52nd section
above 1. Enlarged epithelial cells
in resin duct in Sc cortex.

3. 3 d. L. Resin duct in Sc cortex cut
at grafting; clogged by expanding
epithelial cells.

4. 7 d. L. Callus formation from resin
duct in Sc cortex. Arrow marks
telophase.

5. 6 d. C. Resin duct in Sc cortex
filled with cells. Anaphase at arrow.

6. 8 d. C. Enlarged cells and callus
formation in cut resin cyst of St.

Plansch IIIL
tioner hos
celler.

1—2. 2 d. C. 2 dr 52:dra snittet ovan-
for 1. Epitelceller i hartskanal i
kortex hos Sc forstorade.

3. 3 d. L. Hartskanal i Sc kortex av-
skuren vid ympningen, tillsluten
av expanderande epitelceller.

4, 7 d. L. Kallusbildning fran harts-
kanali Sc kortex. Vid pilen telofas.

Tall, lidggymp. Reak-
hartskanalernas epitel-

5. 6 d. C. Cellfylld hartskanal i Sec
kortex. Vid pilen anafas.

6. 8 d. C. Forstorade celler och kallus-
bildning i hartsbehallare hos St.






Plate IV. Scots pine, veneer graft, Cell
division and callus formation.

1

2

6.

4 d. C. Two divisions (metaphase
and telophase) in Sc ray,see arrows.

. 6 d. C. Two newly formed cells and

telophase in St flap. Divisions in
Sc pith. See arrows.

7 d. RL. Callus formation in cam-
bial region of St. Arrow indicates

telophase.

. 7d. C. Metaphase in ray of St cam-

bium.

9 d. TL. Callus formation in cam-
bial region of both Sc and St; ir-
regular cells, some of which in Sc
differentiating into tracheids.

§ d. C. Callus formation in phloem
and cambial region of St.

7—3S8. 7 d. L. Callus formation in resin

duct of St xylem. 8 is a magni-
fied photograph of the region in-
side the square of 7. Arrow marks
telophase.

Plansch IV. Tall, liggymp. Celldel-
ning och kallusbildning.

1. 4 d. C. Tva celldelningar (metafas
och telofas) i strale hos Sc, se pilar.

2. 6 d. C. Tva nybildade celler och
telofas i strale i St-fliken; delningar
i Sc miirg, se pilar.

3. 7 d. RL. Kallusbildning fran kam-
biezonen hos St. Vid pilen telofas.

4. 7 d. C. Metafas i stralecell hos St.

5. 9 d. TL. Kallusbildning i kambie-
zonen hos bade Sc och St; oregel-
bundna celler varav nagra hos Sc
borjat differentieras till tracheider.

6. 8 d. C. Kallusbildning i floem- och
kambiezonerna hos St.

7—8.7 d. L. Kallushildning fran

hartskanal i St-veden. 8 visar for-
storing av inrutade omradet i 7.
Telofas vid pilen.
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Plate V. Scots pine, veneer graft. Cell
divisions in cortex. Phellogen forma-
tion. Parenchyma unions.

1.

~1

9.
10.

11.

6 d.2—3. 7 d. C. Cell divisions
in cortex. Note the direction of
the spindles.

8 d. C. Superficial callus forma-
tion of Sc. Superficial cells of St
suberized. Phellogen is forming
between these cells and the un-
damaged cortex.

8 d. C. Superticial cell in Sc in
division. Note direction of spindle.

10 d. C. Phellogen in St develop-
ing, see arrows. Callus formation
in phloem-cortex boundary and in
cortex of Sc. Enlarged superficial
cells in outermost cortex.

13 d. C. Union of cortex-derived
callus tissues. Well developed
phellogen in St.

13 d. C. Extensive callus forma-
tion under influence of leaf trace
in Sc, branch trace in St. Phello-
gen between extended cells and
undamaged cortex.

17 d. C. Union of phellogens.

9 w. C. Phellogen surrounding
dead tissues. Arrows mark the

approximative border between
St and Sc.
10 d. C. Callus formation in

phloem-cortex boundary in Sec.

. 14 d. L. Transfusion windows

between callus in resin duct of
Sc cortex and in St phloem rays,
see arrows.

Plansch V. Tall,ldggymp. Celldelning-
ar i kortex. Fellogenbildning. Paren-

kymfoérening.

1. 6 d. 2—3. 7 d. C. Celldelningar i
Sc kortex. Obs. kérnspolarnas
orientering!

11.

12.

. 8 d. C. Ytlig kallusbildning hos

Sc. Ytliga celler hos St suberini-
seras, fellogenbildning péboérjad
innanfor dessa.

8 d. C. Ytligt beldgen cell hos Sc
under delning. Obs. kérnspolens
orientering!

10 d. C. Hos St bérjan till fellogen,
se pilarna. Hos Sc kallushildning
i floem-kortexgridnsen och i kor-
tex. Forstorade, ytligt belidgna
celler ytterst i kortex.

13 d. C. Sammanvéxning mellan
kallus av kortexursprung. Vil ut-
bildat fellogen i St.

13 d. C. Extensiv kallusbildning
till t61jd av bladspar hos Sc, gren-
spar hos St. Fellogen innanfor
de starkt utvidgade cellerna.

. 17 d. C. Forening mellan fellogen.
. 9 w. C. Inkapsling av déda viv-

nader medelst fellogen. Pilar visar
ungetirliga gransen mellan St och
Sc.

10 d. C. Kallusbildning i floem-
kortex gréinsen hos Sc.

14 d. L. Transfusionsfénster mel-
lan kallus i hartskanal i Sc kortex
och i floemstralar hos St, se
pilarna.
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Plate VI. Scots pine, veneer graft.

1.

2.

~I

10.

11.

9 d. TI. Callus formation in
phloem rays.

35 d. C. In St flap resin cyst filled
with callus and united with
tissues at cambial region of Sc.
Meristematical strand connecting
the broken cambia, see arrows.

21 d. C. United phellogens in
cortex. Parenchyma union at

phloem-cortex boundary of Sc
and cambial region of St.

. 21 d. C. Contact layers broken in

two places (see arrows), cf. pre-
vious photograph.

21 d. C. Cambium of St grows
faster than that of Sc in the first
weeks. Growth of St cambium
subsequent to grafting marked
with arrows. Cf. Fig. 32.

. 28 d. C. Firm parenchyma unions

in phloem and cortex regions. St
and Sc tissues mixed. Remnants of
contact layer displaced in ditfe-
rent directions. Cf. Fig. 20.

28 d. L. Callus formation of St
wood parenchyma. Meristemati-
cal strand developed. Telophase
at arrow.

28 d. C. Callus formation of
parenchyma at annual ring bo-
undary and wood rays of St.

. 9 w. C. Superficial cut in St. In-

termediary tissues originating
from parenchyma in wood of St
and Sc. Cambial union on both
sides.

15 w. C. Intermediary tissues
originating from pith of Sc and
from tissues outside the wood.

6 m. C. Complete union on both
sides, no intermediary tissues.

Plansch VI. Tall, liggymp.

1.

2.

~3

10.

11.

9 d. TL. Kallusbildning i floem-
stralar.

35 d. C. I fliken kallusfylld harts-
behallare forenad med vidvnader
vid kambiezonen hos Sc. Meristem-
strak bildas i vidvnaderna mellan
de bada avbrutna kambierna, se
pilar.

21 d. C. Fellogenférening i kortex.
Parenkymatisk férening vid floem-
kortexgrédnsen hos Sc och kambie-
zonen hos St.

21 d. C. Isoleringsskikt genom-
brutet p& tva stillen, jfr fore-
gdende bild.

21 d. C. Kambiet hos St vixer
kraftigare dn hos Sc férsta tiden.
Kambietillvixten hos St sedan
ympningsdagen markerad med
pilar. Jir fig. 32.

28 d. C. God parenkymférening i
floem och kortex. St- och Sc-
viavnader blandade. Delar av
isoleringsskikt forskjutna i olika
riktningar. Jfr fig. 20.

28 d. L. Kallusbildning fran pa-
renkym i veden hos St. Meriste-
matiskt skikt bildat. Telofas vid
pilen.

28 d. C. Kallusbildning fran pa-
renkym i arsringsgréns och xylem-
stralar hos St.

9 w. C. Ytligt snitt i St. Vivnader
mellan vedytorna fran parenkym
i veden hos St och Sc. Kambier
forenade i bada sidor.

15 w. C. Mellanvdvnader fran
méarg i Sc och fréan vidvnader

utanfor veden.
6 m. C. God sammanvixning, inga
mellanvivnader.
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Plate VII. Scots pine, veneer graft.
Differentiation and union of vascular
tissues.

1.

11.

12.

17 d. L. Both St and Sc exhibit
their cambial regions. Irregular
cells differentiate into tracheids.

21 d. C. Transfusion window at
cambial region between St flap
and Sc. Newly differentiated
tracheids in both components.

. 21 d. C. The same graft as VI:5.

Leat trace has brought Sc cam-
bium outwards, here nearly unit-
ed with St cambium. Union of
irregular tracheidsis complete, see
arrow.

. 21 d. L. Tracheids ditferentiating

in St callus in contact with leaf
trace of Sc. No old xylem of the
trace visible in this section.

9 w. L. Branch trace in St wood
cut through in grafting. Influence
on callus formation in Sec.

9 w. L. The formation in contact
with flap in greater magnifica-
tion. Section near the previous
one. Influenced by branch trace
tracheids differentiating in Sc
callus.

. 28 d. L. Union of St flap and Sc.

Irregular cells; differentiation of
tracheids. Approximate border
between St and Sc marked with
arrows.

. 35 d. L. More advanced junction

of the same kind as in 7. Cambia
completely united.

. 14 m. C. Good graft union.
. 35 d. C. New cambium in St callus

turning outwards to reach connec-
tion with Sc cambium. New trac-
heids not united. Complete union
of phellogens.

35 d. C. Section two mm below
the previous one. Leaf trace in Sc.
Cambial strands united. Tracheids
differentiating in continuation
with the trace.

35 d. C. Eighth section above 10.
Detail of the region of junction.
Complete union of phloem cells
(note degenerating nuclei in new
sieve cells), and also of cambial
strands. Xylem not united.

Plansch VII.
rentiering och

Tall, liggymp. Ditfe-
sammanvixning av

ledande vavnader.

1.

11.

12.

17 d. L.. Bade St och Sc expone-

rade vid kambiezonen. Oregel-
bundna celler differentieras till
trakeider.

. 21 d. C. Transfusionsfonster vid

kambiezonen mellan St-flik och
Sc. Pa émse sidor nydifferentie-
rade trakeider.

21 d. C. Fran samma ymp som
VI: 5. Bladspar har dragit kam-
biet i Sc utat, ndastan férenat med
St-kambiet. Nya, oregelbundna
trakeider férenade, se pilen.

21 d. L. Bladspar i Sc. Trakeid-
differentiering hos St invid kon-
taktytan. Intet av bladspéarets
ursprungliga xylem synligt i detta
snitt.

9 w. L. Kluvet grenspar i St ved
paverkar kallusbildningen hos Sc.

. 9 w. L. Detalj vid fliken av snitt

ndra det foéregdende. Trakeid-
differentiering hos Sc under in-
flytande fran grensparet.

28 d. L. Sammanvixning mellan
St-flik  och Sc. Oregelbundna
celler, trakeiddifferentiering. I’i-
lar visar ungetirliga grinsen mel-
lan St och Sc.

35 d. L. Lingre avancerad sam-
manvixning av samma slag som
foregdende. Kambier helt for-
enade.

14 m. C. God sammanvéxning.

35 d. C. Nytt kambium i St kallus
boéjt utat for att na forbindelse
med Sc-kambiet. Nydifferentie-
rade trakeider ej forenade. Fello-
gen fullstdndigt.

35 d. C. Tvad mm under forega-
ende. Bladspar i Sc. Kembiestrak
forenade. Trakeiddifferentiering
med utgang fran bladspéaret.

35 d. C. Attonde snittet ovan 10.
Detalj fran sammanvéixningsom-
radet. Fulistindig f6rening péa
floemsidan (obs! de nya silceller-
nas skrumpnande cellkéirnor) och
i kambiet. Xylemet ej forenat.
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Plate VIII. Scots pine, veneer graft.

1.

35 d. C. Cambial union. (Break of
cambial region—see p. 46.) Paren-
chyma well united. Note remnants
of contact layer.

7 w. C. Callus formation from St
considerable. St cambium first
pressed outwards, after union of
St and Sc parenchyma turned in-
wards. Note horizontal elongated
cells (between arrows) which unite
the cambial strands.

. 2 years. C. On one side (turned up-

wards) cambial union between Sc
and head part of St established in
the first year, on the other side
(turned downwards) parenchyma
union took place in the second
year, but still no cambial union. St
cambium turned inwards in both
cases. Note direction of first formed
tracheids (circles), c¢f. previous
photograph.

2 vyears. C. On one side (turned
downwards) cambial union estab-
lished first year, on the other side
(turned upwards) still no union,
heavy cork layers in contact re-
gion.

. 2 years. C. Both sides of same

graft, just above middle of graft
zone. On side turned downwards
cambial union second year, on side
turned upwards parenchyma union
only. Cf. next photograph, Plate
IX: 1.

Plansch VIIL Tall, ldiggymp.
1. 35 d. G. Kambieférening (brott i

kambiezonen vid snittningen). God
parenkymatisk sammanvaxning.
Mirk resterna av isoleringsskikt!

. 7 w. C. Stor kallusutveckling frén

St. Kambiet forst tryckt utat, efter
parenkymiérening mellan St och
Sc bojt inat. Mirk de horisontellt
strickta cellerna (mellan pilarna)
som férenar kambierna!

. 2 ar. C. T uppatvinda sidan kam-

bieférening mellan Sc och huvud-
del av St forsta aret, i nedatvianda
parenkymfdrening andra, dret men
dnnu ingen kambieférening. St-
kambiet har svidngt indt i bada
fallen. Mérk orienteringen hos forst
bildade trakeiderna (cirklarna), jir
foregdende bild!

. 2 ar. C. I nedatvinda sidan kam-

bieférening férsta é&ret, i uppat-
vianda sidan #dnnu ingen férening,
korkskikt isolerar.

. 2 ar. C. Bada sidor av samma ymp,

strax ovan mitten av ympzonen. I
nedatvanda sidan kambieférening
andra aret, i dvre endast paren-
kymforening. Jfr nista bild, pl.
IX:1t
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Plate IX. Scots pine, veneer graft.

1.

2 years. (. Section 6 mm above
that of Plate VIII: 5. St and Sc
at first healed separately. Cambial
growth pressed them together,
union as in ‘‘natural’” grafting.

. 6 m. C. St cambium divided to

reach connection with Sc cambia
on the sides. Note elongation of
parenchyma cells.

11 w. TL. Direction of tra-
cheids in union zone—from Sc
downwards to St, from St up-
wards to Sc.

4-—6. 19 w. C. Tissues between wood

~1

surfaces mostly developed from
wood parenchyma. 4: 10 mm above
Sc base. Region with dividing
cells in centre; 5: 10 mm higher
up. Narrow space between wood
surfaces, no divisions; 6: 3 mm
above 5. Tracheids differentiating,
meristematical activity.

3 years. C. Living cells in inter-
mediary tissues only at the outer
margins (downwards and upwards
in the photograph).

8—9. 14 m. C. 3 vascular nodules in

intermediary tissue. Xylem out-
wards, phloem inwards in the archs.
Square in 8 marks area magnified
in 9 — only phloem is differenti-
ated. In the other two mainly
Xvlem.

10. 11 m. C. Vascular nodule in St

flap. Xylem inwards, phloem out-
wards.

11—12. 3 years. C. Part of St cam-

bium isolated after cambial union
on the outside. Arrows in 11 mark
location of cambium at the time
of junction on the outside. 12 comes
from section 3 mm below 11. No
vascular connection at all. Cambi-
um bent, xylem outside, phloem
inside.

13—15. 19 w. L. Basal part of graft

zone. St flap cut asin Fig. 30. 14:
Section through the middle, 13 and
15 through peripherical parts. Sc
cambium turned up along old wood
in flap. In 13 lateral union with
cambium of flap, in 15 union above
the wood sliver.

Plansch IX. Tall, laggymp.

1.

2.

3.

2 ar. C. Snitt beldget 6 mm ovan-
for pl. VIII:5. St och Sc ldkta var
for sig. Kambietillviixten &stad-
kommer tryck, sammanvéxning
som vid »naturlig» ympning.

6 m. C. St-kambiet delat for att
vixa samman med Sc-kambierna
péa sidan. Obs. parenkymecellernas
strackning!

11 w. TL. Trakeidernas oriente-
ring 1 sammanvixningszonen —
fran Sc nedat mot St resp. fran St
uppat mot Se.

4—06. 19 w. C. Vavnader mellan ved-

-
I

ytorna huvudsakligen frédn paren-
kym i veden. 4: 10 mm ovanfor
basen pa Sc. Omrade med del-
ningsaktiva celler i centrum;5: yt-
terligare 10 mm hogre. Avstandet
mellan vedytorna smalt, inga del-
ningar; 6: 3 mm ovan 5. Trakeider
differentierade, fortsatta del-
ningar.

3 ar. C. Alltjamt levande celler i
mellanvavnaderna, huvudsak-
ligen 1 ytterkanterna nere och
uppe pa bilden.

8—9. 14 m. C. 3 sfiaroblast-liknande

10.

bildningar i mellanvdvnad. Xylem
utat, floem inat i bagarna. 9 #r
forstoring av inrutade omradet i
8§ —endast floem utdifferentierat.
I de tvd andra huvudsakligen
xylem.

11 m. C. Sfdroblast i St-fliken.
Xylem inat, floem utat.

11—12. 3 ar. C. Del av St-kambium

som isolerats efter kambieférening
utanfor. Pilar 1 11 visar kambi-
ets placering, da forbindelsen utat
avbrots, 12 kommer fran snitt ca
3 mm under 11. Ingen férbindelse
med xylemet utanfor. Kambiet
bojt -— xylem utat, floem inat.

13—15. 19 w. L. Nederdelen av ymp,

flik skuren enligt fig. 30. 14 snitt
genom centrum, 13 och 15 fran
vardera ytterkanten. Sc-kambiet
béjt upp efter vedflisan i fliken,
i 13 forenat med flikens kambium
isidled, i 15 ovanfér vedflisan.
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Plate X. Scots pine.

1—5. From basal parts of veneer
grafts.

1. 23 w. RL. Flap as in Fig. 30.
Wood sliver in flap prevents union.
Note orientation of new tracheids,
cf. 3.

2. 23 w. TL from outer part of same
graft as 1. Flap and Sc united,
heavy growth.

3. 3 vears. RL. Flap as in Fig. 30.
pressed downwards by heavy
growth of Sc. Horizontal elongation
of tissues in Sc. Big knot formed.

4. 3 vears. C. Flap as in Fig. 30. Wood
sliver prevents union. Knot for-
mation.

5. 2 years. RL. Flap as in Fig. 31.
Smooth union.

6—11. Early reactions in side slit
grafts.

6. 4 d. C. Division of ray cell in bark
flap (telophase) and in Sc pith
(metaphase), see arrows. Contact
layer between graft components.

. 4 d. C. Cell division in outermost
part of ray in wedge-shaped part
of Sc.

8. 8 d. C. Callus formation from wood

side of St.

9—11. 12 d. C. 9: Unwounded part of
St, arrows indicate last differenti-
ated zone with wvertical phloem
parenchyma. 10: Callus formation
in innermost corner, all cells of cam-
bial region participate; between
arrows enlarged phloem paren-
chyma cells, ¢f. previous photo-
graph. 11: Callus formation from
bark flap in front of Sc pith, union
established.

~1

Plansch X. Tall.

1—5. Fran nederdelen av liggympar.

1.

23 w. RL. Flik enligt fig. 30. Ved-
flisan 1 fliken hindrar samman-
vixning. Mérk de nya trakeidernas
orientering, jfr 3!

. 23 w. TL fran yttre del av samma

ymp som foregdende. Flik och Sc
forenade, kraftig tillvixt.

3 ar. RL. Flik enligt fig. 30. Fliken
pressad nedat av starka tilivixten
hos Sc. Horisontellt orienterade
vavnader i Sc. Stor knolbildning.
3 ar. C. Flik enligt fig. 30. Ved-
flisan hindrar sammanvixning.
Knaolbildning.

2 ar. RL. Flik enligt fig. 31. Jimn
sammanvixning.

6—11. Tidiga reaktioner hos sidsticks-

~X

8.

ympar.

. 4 d. C. Celldelningar i strale i bark-

fliken (telofas) och i mirg i Sc
(metafas), se pilarna. Isolerings-
skikt mellan ympkomponenterna.
4 d. C. Celldelning ytterst i strale
i tillspetsade delen av Sc.

8 d. C. Kallusbildning fran wvedsi-
dan hos St.

9—11. 12 d. C. 9: Osarad del av St,

pilar markerar senast bildade zonen
med floemparenkym. 10: Kallus-
bildning i inre vinkeln, alla celler
i kambiezonen deltar, mellan pilar-
na forstorade floemparenkymeceel-
ler, jfr foregdende bild. 11: Kallus-
bildning fran fliken mitt fér Sc
marg, sammanvixning.



X

PLATT




Plate X1I. Scots pine, early reactions
in side slit grafts.

1.

[

4 d. C. Full view of graft, ¢f. Fig.
18 a. Exposed places of Sc cam-
bium numbered according to Fig.
21. Note long distance between
pt. 4 and cambium at incision
face (i).

. 4 d. RL. Proliferation from multi-

seriate ray on St wood side.

. 8 d. C. Callus formation on wood

side facing Sc pith. Telophase at
arrow.

. 4 d. C. Proliferation of cells in rays

of bark flap.

. 6 d. C. Division of cell in phloem-

cortex boundary of Sc.

. 6 d. C. Proliferation of ray at in-

cision face of St.

Plansch XI1. Tall, tidiga reaktioner
hos sidsticksympar.

1.

[

4 d. C. Helhetsbild av ymp, jfr fig.
18 a. De fyra stillen dir Sc-kam-
biet genomskurits numrerade en-
ligt fig. 21. Obs. avstiandet mellan
pt. 4 och kambiet vid inskdrnings-
ytan (i)!

4 d. RL. Proliferation fran harts-
forande strale wvid wvedsidan hos
St.

. 8 d. C. Kallusbildning vid vedsidan

mitt for Sc mérg. Telofas vid pilen.
4 d. C. Proliferation fran strale-
celler i i barkfliken.

. 6 d. C. Celldelning i grédnsen mellan

floem och kortex hos Sc.
6 d. C. Proliferation i strale vid
inskdrningsytan hos St.
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Plate XII. Scots pine, side slit graft.

1. 12 d. C. Vigorous callus formation
from both St and Sc in innermost
corner, in Sc influenced by leaf
trace. Parenchyma union at flap.

. 12.d. C. Leaf trace in Sc cross-cut at
grafting, large callus formation
from phloem-cortex boundary.

3. 14 d. C. No callus formation from
St wood side facing wood in Se.
Parenchyma union at flap.

4. 14 d. C. Parenchyma union be-
tween tissues from Sc cortex and St
flap rays.

5. 14 d. C. In flap dead tissues facing
Sc. Inside this region callus formed
from rays and phloem parenchyma
in non-functional phloem. Callus
at wood side facing Sc pith.

6. 17 d. C. Innermost corner filled
with callus, parenchyma union.
Phellogen at incision face. Heavy
callus formation from Sc at pt. 4.

7—10. 20 d. C. 7: St cambium follows
flap (between arrows marked with
¢). Innermost corner filled with cal-
lus. Se cambium from pt. 1 forms
an archin direction towards St cam-
bium in flap (arrows inside the
arch). Tracheids differentiated in
flap in contact with pt. 2 and in
front of Sc pith. Cambia nearly
united at pt. 2. 8: From the same
section as 7. Pt. 3 with vet no
connection and slow division activ-
ity 9:2 mm above 7. Empty space
in innermost corner. Cambium fol-
lows flap. 10: 10 mm above 7. Cal-
lus from pt. 2 between Sc wood
and flap. No union. Callus forma-
tion in flap as in 5.

Do

Plansch XII. Tall, sidsticksymp.

1. 12 d. C. Livlig kallusbildning hos
bade St och Sc i inre vinkeln, hos
Sc influerat av bladspar. Paren-
kymforening vid fliken.

2. 12 d. C. Bladspar i Sc kluvet vid
yvmpningen, stor kallusbildning
fran floem-kortexgrédnsen.

3. 14 d. C. Ingen kallusbildning frén
vedsidan hos St mitt for ved i Sc.
Parenkymforening vid fliken.

4. 14 d. C. Parenkymférening mellan

véavnader fran Sc kortex och stralar

i barkfliken.

14 d. C. Kallus bildad inuti fliken

fran stralar och floemparenkym i

inaktivt floem. Vavnader nirmast

Sc déda. Kallushildning fran ved-

sidan mitt t6r Sc mérg.

6. 17 d. C. Inre vinkeln helt kallus-
fvlld, parenkymférening. Fellogen
vid inskédrningsytan. Kraftig kal-
lusutveckling fran Sec vid pt. 4.

7—10. 20 d. C. 7: St-kambiet foljer
fliken (¢ med pil). Inre vinkeln kal-
lusfylld. Sc-kambiet fran pt.1
breder ut sig bagformigt mot kam-
biet i fliken. Pilar pa bagens insida.
Trakeider differentierade i fliken
invid pt. 2 och mitt fér Sc méarg.
Niastan kambiefdérening vid pt. 2.
8: Fran samma snitt som f{oére-
gdende. Vid pt. 3 ingen samman-
vaxning, liten delningsaktivitet. 9:
2 mm ovanfor 7. Tomrum i inre
vinkeln. Kambiet fo6ljer fliken. 10:
10 mm ovan fér 7. Kallus fran pt.
2 mellan Sc ved och barkfliken.
Ingen foérening. Kallusbildning i
fliken liksom i 5.

15
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Plate XIII. Scots pine, side slit graft.  Plansch XIII. Tall, sidsticksymp.

1. 24 d. C. Parenchyma union in 1. 24 d. C. Parenkymféreningar i inre
innermost corner, cambial union vinkeln, kambieférening vid pt. 2.
at pt. 2. Heavy callus formation Stor kallusbildning fran vedsidan
from St wood side in front of Sc av St mitt for Sc méarg. Mérgen
pith. Pith compressed. Callus from hoptryckt. Kallus fran pt. 4 tring-
pt. 4 penetrates into the space er in mellan vedytorna.
between the wood surfaces.

2. 24 d. C. Union of vascular tissues 2. 24 d. C. Forening av ledande viv-
and cambia at pt. 2. nader och kambier vid pt. 2.

3—-7. 34 d. C. Sections from different 3—7. 34 d. C. Snitt fran olika nivéer
levels of the same graft. Approx- av samma ymp. Ungeférliga av-
imate distance from base of Sc: stand fran basen av Sc: 3 = 2,5
3 =205 mm, 4 =135 mm, 5 = mm, 4 = 13,5 mm, 5 = 17,5 mm,
17.5mm, 6 =17.8mm, 7= 19 mm. 6 =17,8 mm, 7 =19 mm. 3: Kam-
3: Cambial union at pt. 4; cam- bieférening vid pt. 4; kambiet i
bium in flap destroyed, phellogen fliken forstort, fellogen intill sam-
grown inwards up to union be- manvidxningen mellan flik och Sc
tween flap and Sc pith; paren- maérg; parenkymforening vid pt.
chyma union at pt. 3, Sc cambium 3, kambium frdn Sc trianger in i
spreads into flap. 4: No union at fliken. 4: Ingen férening vid pt. 4
pt. 4 or pt. 3; no cambium pres- och pt. 3;inget kambiumiinatvin-
ent in wedge shaped part of Sc; da delen av Sc; St-kambiet féljer
St cambium in flap unbroken. 5: obrutet fliken. 5: Litet kambie-
small piece of cambium in wedge- stycke i Sc; kambiet fran pt. 1 be-
shaped part of S¢ — cambium skriver bage, sammanvuxet med
from pt. 1in an arch, united with kambiet vid pt. 2; kambieti fliken
cambium from pt. 2. 6: Broader obrutet. 6: Bredare kambium i Sec,
cambial piece in Sc¢ — wider vidare bage; kambiet i fliken bru-
cambial arch; broken cambium in tet, sammanvuxet med kambiet
flap united with that from pt. 1 fran pt. 1 (jfr pl. XII: 7). 7: Sc-
(¢f. Plate XII: 7). 7: Sc cambium kambiet 4nnu bredare; kambiet
still broader—cambial strand in fran pt. 1 soker sig genare vig.
a straighter course. Cf. 5—7 with Jfr 5—7 med fig. 22!

Fig. 22.

8—9. 6 w. C. Innermost corner and 8—9. 6 w. C. Inre vinkeln respektive
incision face of the same graft. inskédrningsytan hos samma ymp.
No cambial activity in St before Ingen kambieverksamhet hos St
grafting. 8: Cambium left at wood fore ympningen. 8: Kambiet kvar
surface at grafting, cambial union pé vedytan efter ympningen, kam-
at pt. 1; cambial strand formed bieférening vid pt. 1; kambie-
in flap between pt. 2 and pt. 3. 9: strak bildat i fliken mellan pt.
New xylem in St only in proxim- 2 och pt. 3. 9: Nytt xylem i St
ity of the graft wound; phellogen endast invid sarytor; fellogen hos
in both St and Sec. bade St och Sc.

10. 8 w. C. Complete union. 10. 8 w. C. Vil sammanvuxen ymp.

11. 30 d. C. Tangential cut in St (Fig. 11. 30 d. C. Inskédrning i St med tan-
18 b), complete union at incision gentiellt snitt (fig. 18b), god
face (in circle). sammanvixning vid inskérnings-

ytan (i cirkeln).
12. 45 d. C. Complete union following 12. 45 d. C. God sammanvixning ef-
tangential cut in St. ter tangentiellt insnitt i St.
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Plate XIV. Norway spruce, veneer
graft.

1—7. Early reactions.

1.

2 d. C. Enlarged cells in resin duct
of Sc cortex and in rays of St flap.
4 d. C. Cell divisions in Sc cortex,
see arrows.

4 d. C. Cell divisions in ray of Sc.
4 d. C. Cell division in Sc cortex.
Resin duct filled with cells.

6 d. C. Callus formation from
phloem rays in St. In Sec resin duct
filled with cells. Contact layers.

. 6 d. C. Proliferation from ray in

newly formed wood and in phloem
rays of St.
11 d. TL. Callus formation from
phloem rays at short wound sur-
face of Sc.

8—9. Fitting of graft components.

8.

16 d. C. Outer edges of St and Sc
matched on left side, cambia far
apart. Callus from St intrudes into
Sc pith and compresses pith cells.

18 d. C. Outer edges matched on
right side; cambia far apart on
this side but matching on the
other. Graft cut in St superficial—
no callus formation from wood
exposed at cambial region.

Plansch X1IV. Gran, liggymp.

1—7. Tidiga reaktioner.

1.

2.

2 d. C. Forstorade celler i hartska-
nal i Sc kortex ochistralar i fliken.
4 d. C. Celldelningar i Sc kortex, se
pilarna.

4 d. C. Celldelningar i strale i Sc.

4 d. C. Celldelning i Sc Kkortex.
Cellfylld hartskanal.

6 d. C. Kallusbildning fran floem-
stralar hos St. Cellfylld hartskanal
i Sc. Isoleringsskikt.

. 6 d. C. Proliferation fran strale i

arsveden och stralarifloemet hos St.

11 d. TL. Kallusbildning frin
floemstralar vid lilla snittytan ne-
derst i Sc.

8—9. Sammanpassning av ympkom-

8.

ponenterna.

16 d. C. Ytterkanterna hos St och
Sc¢ sammanpassade i vénster sida,
kambierna langt isér. Kallus fran
St trdanger in i och trycker samman
Sc mirg.

18 d. C. Sc och St sammanpassade i
hoger ytterkant; kambier Iéngt
isdr i denna sida, passar samman i
den andra! Ympsnittet i St ytligt:
ingen kallusbildning fran vedyta
blottad vid kambiezonen.
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Plate XV. Norway spruce, veneer
graft.

1.

W

~1

10.

11.

13.

22 d. TL. Parenchyma union of
flap and Sc. Most of the callus
from Sc.

22 d. L. Parenchyma union be-
tween flap-cortex and Sc-phloem,
contact layer at flep originally
touching Sc wood. Callus from
Sc cambium intrudes between
contact layer and wood.

22 d. C. St cambium turning out-
wards, union immediate.

. 28 d. C. Complete union of vas-

cular tissues and of cambia.

36 d. RL. Flap cut according to
Fig. 31. Uncomplicated union.
28 d. C. Shallow graft cut in St.
No callus formed from wood ex-
posed at cambial region. Good
union.

6 m. C. Parenchyma union on one
side only. Sc pith shrivelled.

. 1 year. C. Complete union. Inter-

mediary tissues originate from
both sides, each unit coated with
periderm.

36 d. C. Graft cut in stock too
deep. Outer edges of St and Sc
matched on left side but poor fit
of cambia. Complete union on left
side, no union at all on right side.

1 year. C. Cut in St too deep. St
flap and St united on side turned
upwards. On side turned down-
wards vascular union late in the
season. Note false annual ring in
Sc.

14 m. C. Isolated cambia in inter-
mediary tissue. Cambial union
produced by leaf trace on side
turned upwards.

. 14 m. C. Sc two years old at

grafting. No new shootsdeveloped
in the vear of grafting, one bud
bursting at the time of fixation.
‘Weak union in spite of relatively
good cambial fitting.

18 m. C. Graft without new
shoots. First year weak vascular
connection, strengthened in the
second year.

Plansch XV. Gran, ldggymp.

~I

10.

11.

12,

13.

.1 ar.

. 22 d. TL. Parenkymférening mel-

lan flik och Sec. Storsta kallus-
méngden fran Sc.

22 d. L. Parenkymférening mel-
lan kortex i fliken och floem i Sc.
Isoleringsskikt i fliken bildat i
anslutning till ved i1 Sc. Kallus
fran Sc-kambiet tranger sig mel-
lan isoleringsskikt och wved.

22 d. C. St-kambiet bdjer av utat,
nira forening.

. 28 d. C. God férening mellan le-

dande vdvnader och mellan kam-
bier.

36 d. RL. Flik enligt fig. 31.
Okomplicerad sammanvixning.

. 28 d. C. Ympsnitt just vid kam-

biet 1 St. Ingen kallusbildning
fran blottade vedytan. God sam-
manvixning.

. 6m. C. Parenkymforening endast i

ena sidan. Marg hos Sc skrumpnad.
C. God sammanvéixning.
Vivnaderna mellan vedytorna
hiarstammar fran bada kanterna,
varje enhet omsluten av sitt peri-
derm.

. 36 d. C. For djupt ympsnitt i St.

Ytterkanterna hos St och Sc sam-
manpassade 1 vanster sida, dalig
overensstdmmelse mellan kam-
bier. Fullstéindig férening i véns-
ter sida, ingen alls i den hdgra.

1 ar. C. For djupt snitt i St. Flik
och St forenade utantér Sc i dvre
sidan. I nedre sidan férening mel-
lan St och Sc pa sent stadium.
Mirk falska arsringen i Sc!

14 m. C. Isolerade kambier i mel-
lanvidvnad. Kambieforening i 6vre
sidan férmedlad av bladspar i Sc.

14 m. C. Sc med tva-arsved. Inga
nya skott forsta aret, vid fixe-
ringstillfallet en brytande knopp.
Trots tdmligen god kambiesam-
manpassning klen sammanvix-
ning.

18 m. C. Ymp utan nya skott.
Forsta &ret mycket liten, andra
aret god forening mellan ledande
vivnader.
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Plate XVI. Norway spruce.

1—S8. Veneer graft. Unions produced

by leaf traces.

1—6. 14 m. C. Series of sections with a

“‘moving leaf trace”. Growth of
second year just started. Distance
between 1 and 6 about 1.5 mm. 1:
Leaf trace in Sc cortex; no union.
2: 18 sections above 1; paren-
chyma union. 3: 18 sections still
higher up; leaf trace situated half-
way between cambia of Sc and St.
4:15 sections above 3. Leaf trace
moved tfowards St cambium. 5
and 6: 6 and 13 sections above 4
respectively: leaf trace being in-
corporated with stele of St. Cj.
Fig. 33.

. 10 d. C. Early parenchyma union

influenced by leaf trace in Sc.
Arrows mark boundary between
St and Sc.

. 14 m. Vascular union established

from leaf trace in Sc.

9-—12. Side slit graft.

9.

10.

11.

12.

17 d. C. Parenchyma union at
incision face, bark flap inactive.

17 d. C. Good parenchyma union
at incision face. Callus formation
influenced by leaf trace in Sc.

28 d. C. Parenchyma union at
incision face and at flap.

35 d. C. Sometimes large callus
masses are formed from the bark
flap.

Plansch XV 1. Gran.

1—8. Liggymp.

Sammanvixningar
formedlade av bladspar.

1—6. 14 m. C. Snittserie med »vand-~

rande bladspar». Andra arets till-
vixt just paborjad. Avstand mel-
lan 1 och 6 ca 1.5 mm. 1: Blad-
spar i Sc kortex. Ingen sam-
manvixning. 2: 18 snitt dver
foregdende. Parenkymférening. 3:
Ytterligare 18 snitt hogre. Blad-
sparet mitt emellan Sc- och
St-kambierna. 4: 15 snitt dver
foregaende. Bladspéret dras mot
St-kambiet. 5 och 6: 6 respektive
13 snitt ovanfér 4. Bladspéret
inforlivas med stelen hos St. Jfr
fig. 33!

10 d. C. Tidig parenkymfdrening
under inflytande fran bladspar i
Sc. Pilar markerar gréinsen mel-
lan St och Sc.

. 14 m. C. Ledande forbindelse for-

medlad av bladspér i Sc.

9—12. Sidsticksymp.

9.

10.

17 d. C. Parenkymforening vid
inskidrningsytan. Barkfliken helt
passiv.

17 d. C. God parenkymfdrening
vid inskédrningsytan. Kallusbild-
ningen influerad av bladspar i Sc.

. 28 d. C. Parenkymforening vid

bade inskédrningsyta och flik.

. 35 d. C. Riklig kallusbildning fran

fliken kan férekomma.
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