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INTRODUCTION 

Jack pine (Pinus banksiana Lamb.) is an important 

forest species in the Lake States Region and across 

Canada to the Rocky Mountains. Jack pine can maintain 

itself on unproductive, dry, nutrient poor soils. Oppor

tunities for genetic impqfvement within ·the species are ✓/ 
numerous as wide variations are found in vigor, wood and 

cone characteristics, stem and crown form, and insect 

and disease resistance. 

Vegetative propagation is an importan·t tool used in 

stock improvement. Through vegetative propagation gene

tically superior stock may be introduced quickly into tree 

imp~ovement programs. 

Some tree taxa, for example Salix and Populus, 

root quite easily because they contain preformed root 

initials (Carlson, 1938). However, latent root initials 

have not been described for any of the conifers commonly 

used in foreatry (Dalgas, 1973). In these hard-to-root 

species, root initiation has been found in callus (Satoo, 

1955), a tissue composed of large thin-walled cells devel

oping as a result of injury (Esau, 1977). 

An accurate understanding of the processes and fac

tors affecting root initiation in cuttings of Pinus 

species is lacking. Nienstadt et al. (1958) say, 
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"The mysteries of root initiation (in cuttings) 
remain mostly unsolved ••• We are aware of the 
important environmental factors governing root
ing but we know extremely little of the inter
nal mechanisms controlling root initiation •• •" 

I have attempted to study the development of callus 

on seedling cuttings of Pinus banksiana and the develop

ment of roots and associated anatomical features in 

that callus. Material for this study, supplied by Dr. 

Bruce Haissig, plant physiologist, at the u.s. Forest 

Service Forestry Sciences Laboratory in Rhinelander, 

Wisconsin, was control (untreated) material from a phys

iology study of effects of different growth substances 

on root initiation. 

MATERIAIS AND METHODS 

The seedlings were grown in a growth room (18 hour 

days, 2J0 c day, 21°c night) from a single lot of open 

pollinated seed (FSL Source No. 5150) in Jiffy-7 peat 

pellets that were underlaid with peat. The seedlings were 

watered daily with deionized water, and weekly with both 

20-20-20 soluble fertilizer and with a complete nutrient 

solution. 

At day 97, cuttings were prepared by severing the 

stems 2 cm. below the site of attachment of the primary 

needles. The cutti~s were propagated at J" by J" spacing 

under intermittent mist in- a heated (25°c) greenhouse bench 

that contained perlite-sand (Jal by volume). At day O, 

and at J day intervals through day 27, JO cuttings were 
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randomly selected, and their basal segments were removed 

('Fig. 1). The basal segments were placed in Craf III 

fixative (Berlyn and Miksche, 1976), and placed under 

v.acuum for 24 hours. The first series of collections 

was made during October 1979. During November 1979, a 

second set of cuttings was made. They were taken at day 

o, and at day 7 to 18 inclusively. 

When the fixed segments were received at the Univer

sity of Wisconsin-Stevens Point, they were trimmed to a 

few millimeters above the callus. ~he tissue was embed

ded using an ethanol-xylene-paraffin series (Table 1). 

The segments were arranged in liquid paraffin-filled 

boats, horizontally for longitudinal sections or verti

cally for transverse sections. !he boats were immersed 

in cold water to allow the paraffin to harden. 

Paraffin embedded specimens were mounted on wooden 

blocks and sectioned 8JJ-m thick on a rotary microtome. 

The paraffin ribbon was placed on a slide which had a thin 

film of egg albumen adhesive over the surface. The slide 

was flooded with distilled water and placed on a warming 

tray until the ribbon had expande~. The excess water was 

absorbed with paper towels. Haupt's adhesive (Johansen, 

1940) was also tried but gave poor results. 

After drying thoroughly, at least 12 hours, the slides 

were passed through a 17 step staining series (Table 2). 
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Piccolyte was used to mount the coverslips on the slides. 

Approximately 700 slides from 140 blocks were pre

pared and examined microscopically. Photomicrographs 

were taken using a Zeiss Universal microscope. 

The woody jack pine seedling was hard and brittle 

due to the dead, lignified xylem cylinder which composed 

most of the segment. The callus tissue, though, form-

ing on the base of the segment around the woody stele was 

soft and friable. This presented a difficulty in section

ing because the two types of tissues are usually handled 

in different ways. Thus a few techniques were altered 

in the aforementioned procedure. In order to soften the 

stem, it was soaked for approximately 5 hours in 10% 

hydrofluoric acid (HF) before dehydrating (Berlyn and 

Miksche, 1976). Tissue embedded in 100% paraffin sec

tioned better than those embedded in Paraplast ~ or 

Paraplast + ~. Paraffin blocks were cut on the micro

tome until plant material was exposed, then the exposed 

surface was soaked in water to allow the harder plant 

parts to soften. The block was placed back in the micro

tome and serial sections made of the plant material. 

OBSERVATIONS 

Macroscopic 

The cuttings remained in excellent condition through

out propagation. 

As the cuttings aged, more callus was produced. 
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The callus developed to a size of 4-7 millimeters wide and 

2-J millimeters high at 27 days. Approximately one milli

meter of the callus developed below the basa and occa

sionally completely enveloped the J millimeter wide xylem 

cylinder (Figs. 11-lJ). The callus did not develop in 

a uniform ring around the stem but rather was found in 

clumps around the base (Fig. 1). The amount of callus 

produced at any given age varied from a very small amount 

to a profuse development of tissue. Usually, the number 

of roots produced was not directly proportional to the 

amount of callus. 

The first root was seen on the surface in the day 

21 collection, The dirty white roots were succulent yet 

friable, 

Differences existed between the two collections. 

The second collection, in general, had a more poorly devel

oped callus at the various ages than the first collection. 

More cuttings with dead callus were found in the second 

collection. These differences were probably due to the 

environmental conditions within the greenhouse, most likely 

light and temperature. Although the rate of development 

between the two collections was different, the sequence 

of developmental events were the same. 

Microscopic 

At day o, the base of the cutting looked like a nor

mal .jack pine hypocotyl (Fig. 2). A dead lignified cen-
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tral secondary xylem cylinder was produced by the sur

rounding vascular cambium which also produced secondary 

phloem toward the outside of the stem. Surrounding the 

phloem was the cortex and periderm. Both longitudinally 

and transversely extending resin canals wer~ found in the 

hypocotyl. The trann,_.erse resin canals were located in 

fusiform rays and might have extended into the cortex 

(Fig. 2). 

After the seedlings were cut, the living tissue 

surrounding the central xylem cylinder died back to about 
e 

one millimeter above the base of the cutting (Fig. 111). 

The central xylem cylinder remained intact because the 

tracheary elements were dead and lignified. The amount 

af die back was not uniform from one cutting to the next. 

The original vascular cambium often remained intact 

around the central xylem cylinder to within about one 

millimeter of the base of the xylem cylinder. During 

the first two weeks after the cut was made, secondary 

xylem parenchyma, 2-18 cells wide, was produced by the 

4-7 cell wide cambial zone. The vascular cambium then 

produced a layer of secondary tracheids varying from 

2-20 cells wide (Fig. J). 

The resin canals in non-injured tissues were sur

rounded by thin walled unlignified epithelial cells and 

by ray parenchyma. The resin secreting epithelial cells 

had dark staining cytoplasm, rather large nuclei, and 

were isodiametric in shape (Fig. 4). In response to wound-
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ing, a large number of unevenly distributed resin canals 

are produced within secondary xylem parenchyma, newly 

produced secondary xylem tracheids, and callus, Resin 

canals develop schizogenously (by tearing)(Figs, 2-4 and 

8). In many of the resin canals found in callus, epithe

lial cells were surrounded by tracheids (Figs, 5-7), 

Resin canals were often found at the base of developing 

root initials (Figs. 6 and 7). Figs. 6 and 7 show a 

resin canal with a few tracheids around it located at the 

base of and slightly toward the central xylem cylinder 

from the root primordium. 

Callus originated from the cortex that remained after 

dieback and growth proceeded toward the base of the cen

tral xylem cylinder replacing tissues that were destr~yed 

as a result of wounding (Figs. 8, 11-lJ). Within the cal

lus, scattered tracheids differentiated in small clusters 

(Figs, 9 and 10). The vascular cambium pushes the callus 

downward and outward and eventually around the base of 

the cutting (Figs. 11-13), Many heavily staining paren

chyma cells appear in callus apparently containing tan-

nins, oils, and metabolic wastes (Figs. 6, 11-14, and 18). 
l 

Tracheid nests are areas of shortened irregularly .. 

oriented tracheids, At day 12,the first tracheid nests 

were visible outside the cambial region in clumps of cal

lus (Figs. 14-17), The nests varied from quite small 

(Fig. 15) to extremely large (Fig. 17), The nests were 

composed primarily of secondary tracheids which were pro-
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duced from a surrounding vascular cambial zone (Figs. 

14,16, and 17). In many sections the nests appeared to 

be isolated from the vascular system. Further investi

gations revealed that outgrowths of the xylem cylinder 

formed vascular connections with thil-nested tracheids. 

The sieve cells, a major component of gymnosperm 

phloem, are not lignified as are the tracheary elements. 

Secondary phloem is produced by the vascular cambium 

toward the outside of the· stem. Because of difficulty 

in differentiating between phloem and other parenchyma 

cells, its development within callus was not studied. 

A protective layer, the periderm, developed around 

the outside of the callus from the downward expansion 

of the undestroyed cortex. The cork cambium produces cork, 

dead suberized cells, to the outside and parenchyma to 

the inside. The periderm was found in all ages of cuttings 

and varied from a few layers wide to several layers. 

The periderm formed around the clumps of callus, however, 

it was discontinuous in many parts of the callus because 

it was often destroyed by rapid callus growth (Figs. 

8,12, and 15). 

Root primordia were first distinguishable at day 

15. They were identifiable by their small isodiametric 

shaped cells containing dark staining cytoplasm and large 

nuclei (Figs. 8, 18-20). Root primordia were located on 

the outer edges of callus outgrowths within the basal one 

millimeter of callus. The location was often where a 
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tracheid nest might have been expected to develop (Figs. 

19 and 20). Before emergence, a slim (sometimes only 

J tracheids wide) vascular connection was made from the 

xylem cylinder to the root primordium. The connecting 

tracheids appeared to originate in the vascular cambium 

region and differentiated outward and downward to the 

root primordium (Fig. 20). Root primordia in various 

stages of development were found in the same cutting. 

It was not apparent whether all root primordia would fully 

differentiate and emerge as roots. 

DISCUSSION 

Callus is a complicated wouhd tissue which is ab

normal in location and orientation. Valid interpretations 

can be made only through examination of serial sections 

and constructing a three dimensional picture f.1:om them. 

Single sections presented as photomicrographs in this 

paper and in other references may be misleading if con

sidered alone. 

It appears that Mergen and Smith (19{6 ) have misin

terpreted xylary cylinders with convoluted tracheids and 

tracheid nests as adventitious roots. I see no roots 

resembling those of Pinus banksiana in micrographs they 

show. In Pinus banksiana a developing root is charac

terized by small isodiametric shaped cells containing 

dark staining cytoplasm and large nuclei. As the meriste-
1, 

matic region enlarges a rootcap should be discernJble. 

Callus originates from cortical cells and expands 

by random division within the callus itself and later by 
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cambial activity. This has also been observed in Pinus 

elliottii (Reines and M°Alpine, 1959) and in numerous 

conifers studied by Satoo (1955). In Pseudotsuga !!!!!!!

ziesii, callus is initiated by the vascular cambium 

(Heaman and Owens, 1572). Callus may be initiated by the 

vascular cambium but other tissues such as pith, phloem, 

cortex, and xylem parenchyma are also involved in a vari

ety of conifers (Satoo, 19:55). ~nd in Pinus radiata (Cam

eron and Thomson, 1970). Other sites of initiation hI1v,e 

been medullary rays in grafts of Pinus elliottii (Mergen, 

1955) and pith in rooted needle fascicles of Pinus elli

ottii (Mergen and Smith, 1964). 

The objective of most studies of this nature is to 

determine where the roots are initiated. Using Pinus radi

ata, Smith and Thorpe (1975) were the only workers to re

port that root initiation begins with changes in a single 

cell. They found that the root primordium at times appear

ed on the margin of a differentiating resin duct. A 

parenchyma cell is suspected by Smith and Thorpe (1975) 

of differentiating t~ form a root initial. In air-layer 

lodgepole pines, a close relative of jack pine, roots 

were initiated from the vascular cambium, secondary 

xylem, and from parenchymatous callus tissues (Yim, 1961). 

It was proposed that the initials had their origin in the 

parenchymatic tissue close to the newly formed xylem and 

therefore, close to the cambium, phloem, and numerous 
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rays in a variety of conifers (Satoo, 1955), Pinus radi

ata (Cameron and Thomson, 1970), and Picea abies (Dalgai, 

1973) • 

Heaman and Owens (1972) identified root primordia 

of only 10-15 cells but could not determine where they 

originated. However, they reported that both cambial 

initius and the most recently formed phloem cells seemed 

to be associated with root initiation. Cameron and Thom

son (1970) with Pinus radiata and Dalgas (1973) with 

Picea abies found it difficult to identify the early stages 

of root initiation. By the time meristematic areas could 

be identified as roots, the roots were no longer primordial. 

In this study on jack pine hypocotyls, the site of early 

stages of root initiation was unidentifiable because 

by the time a root primordium could be identified, it was 

too large to determine if initiation had been near any 

other particular anatomical feature. 

Many areas within callus may be mistaken for early 

stages in root development unless serial sections are 

closely examined. One such structure is the developing 

resin duct. The epithelial cells swell before splitting. 

In certain sections these groups of cells look like root 

initials with their large nuclei and dark staining cyto

plasm. Areas of callus undergoing rapid divisions in 

all directions may appear as meristematic areas and early 

stages of root development,as well as small areas of dif-
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ferentiating vascular cambia within callus. Tracheid 

nests with their surrounding vascular cambium or small 

patches of periderm may also be mistaken for early stages 

in root initiation. Thus, accurate interpretations are 

difficult to make. It is difficult to identify a group 

of 5 or 6 meristematic cells as a root initial. Although 

the exact site of initiation in jack pine cuttings was 

not determined, it appears that root primordia sometime 

develop in association with resin canals, tracheid nests, 

combinations of resin canals and tracheid nests and the 

vascular and cork cambia. Some resin canals within callus 

are surrounded by tracheids. A resin canal with associ

ated tracheids often is found in close association with 

a root primordium. Tracheid nests are located within 

outgrowths of callus as are root primordia. Perhaps there 

is an "initial" which may either develop into a root pri

mordium or a tracheid nest or a resin canal surrounded 

by tracheids. Physiological mechanisms that control for

mation and development of the structures need much further 

study. 

The next logical step i~ this study would be to deter

mine exactly when and where the roots are initiated in 

younger cuttings. In very young jack pine seedlings, 

a week or two old, when roots a.re severed only a very 

small amount of callus is formed and only one root devel

ops. The site of initiation should be easy to predict and 

the developmental process should be easier to follow. 



SYMBOIS 

Bp- Bordered pit 

CAL- Callus 

Cor- Cortex 

CXC- Central xylem cylinder 

Ee- Epithelial cell 

Pc- Dark staining parenchyma cells 

Pd- Periderm 

Ph- Phloem 

RC- Resin canal 

RP- Root primordium 

TN- Tracheid nest 

Tr- Tracheids 

1 o_ Primary 

20- Secondary 

vc- Vascular cambjal 

XC- Xylem cylinder 

xP- Xylem parenchyma 

region 

The line scale on each figure represents 100p.m. except on 

figure 1. 



Fig. 1. Basal segment of jack pine cutting with 
well developed callus, Line scale represents tni.N'\ , 

/ 



Fig. 2. Cross section at day O. 



Fig. J. Cross section at day 15 showing secondary 
xylem parenchyma and secondary tracheids outside the 
original xylem cylinder. 



Fig. 4. Resin canal in day 14 callus cross section. 



18. 
Fig. 5. Resin canal surrounded by tracheids at day 



Fig. 6. Cross section at day 15. Resin canal at base 
.of root primordium. 



Fig. 7. Same day 15 cutting as Fig. 6. Magnification 
of resin canal although in a different section. 



Fig. 8. Longitudinal section at day 18. 
cates region of dieback. 

Arrow indi-

• 



Fig. 9. Cross section at day 14. Callus development 
with tracheids (visible in Fig. 10). 

Fig. 10. Enlargement of box area of Fig. 9 showing 
isolated tracheid strands. 

f 



Fig. 11. Longitudinal section at day 15. Callus 
development around base of central xylem cylinder. 

,.. , 



Fig. 1J. Same longitudinal cutting as Fig. 11, al
though different section. Callus development around base 
of central xylem cylinder. 
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Fig. 14. Cross section at day 15. Location of tra
cheid nest within callus outgrowth. 



Fig. 15. Cross section at day 24. Irregularly ori
ented tracheids at edge of callus. 



Fig. 16. Same cutting as day 15, although a different 
section. Enlargement of tracheid nest. 



Fig. 17. Cross section at day 21. A large tracheid 
nest. 



Fig. 18. Cross section at day 15 of root primordia 
with large nuclei, dark staining cytoplasm, and isodia
metric shape. 



Fig. 19. Cross section at day 15. Similar location 
of root primordium and tracheid nest. 



Fig. 20. Longitudinal section at day 24. Arrow show
ing vascular (tracheid) connection between xylem cylinder 
and root primordium. 



Table 1. Dehydration-embedding series (Johansen, 1940). 

Solution Minimum time 

1. 50% ethanol 1 hour 
2. 9.5% ethanol 1 hour 
J. 9.5% ethanol 1 hour 
4. 100% ethanol 1 hour 
5. 100% ethanol 1 hour 
6. 100% ethanol 1 hour 
7. 100% ethanol1xylene 2 hours 
B. Xylene 1 hour 
9. Xylene 1 hour 
10 • Xylene,paraffin in 

.5600 oven J hours 
11. 100% paraffin in 

56% oven J hours 
12. 100% paraffin in 

56% oven J hours 



Table 2. Staining seriss (Johansen, 1940). 

Solution Minimum times 

1. 
2. 
J. 
4. 
.5. 
6. 
7. 
8. 

9. 
10. 
11. 
12. 
1J. 

14. 
15. 
16. 
17. 

Xylene 
Xylene 
Xylenea100% ethanol 
100% ethanol 
95% ethanol 
70% ethanol 
50% ethanol 
Safranin in 50% ethanol , 
(Johansen, 1940) 
Tap water 
70% ethanol 
95% ethanol 
100% ethanol 
Saturated solution of chlorazol 
black E in 100% ethanol 
100% ethanol 
Xylenea100% ethanol 
Xylene 
Xylene 

J minutes 
2 minutes 
J minutes 
J minutes 
J minutes 
J minutes 
J minutes 
JO minutes 

10-15 seconds 
10-15 seconds 
10-15 seconds 
10-15 seconds 

JO seconds 
15 seconds 
2 minutes 
J minutes 
J minutes 
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