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Abstract

We have investigated several factors infulencing adventitious shoot induction from the Populus deltodies bartr. leaf
segments. To obtain in vitro materials, at first, stem segments from ex vitro were tested for axillary bud breaking on
the five macronutrients levels of two differenr media. WPM was better both in bud breaking and leaf expansion than
MS medium. The amount of NH,NO; added in the medium did not seem to affect axillary bud breaking, significantly
and subsequent shoot elongation from the stem segments of P. deltodies. However, other components in WPM might
have played important roles in axillary bud breaking and shoot elongation. Regenerability from three sections (the
distal, the middle and the base) of leaves cultured on WPM supplemented with TDZ and NAA combinations appea-
red to be different; middle and basal sections of leaves produced more organogenic sites than those of top section
on WPM and those sesctions produced the highest ogranogenic sites on the same medium supplemented with 0.01
mg/1 TDZ and 0.02mgl NAA. Among 3 carbon sources tested for adventitious shoot elongation, fructose seemed
to be stimulating the elongation of adventitious shoots. Sucrose and glucose added in the medium resulted in the
necrosis which caused dying of adventitious shoots, eventually.
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Introduction

Species and hybrids of the genus Populus are among
the fastest growing trees and their ease in propagating
via conventional asexual methods” and cell and tissue
culture methods has made them a model system for ge-
netic improvement in tree species. Many biotechnologi-
cal researches have been applied to Populus species and
a considerable number of reports have been published,
including regeneration of transgenic plants containing
useful genes*¥. The main reason for the focus on Popu-
lus species is the need for plant regeneration systems
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in successful biotechnological applications.

Eastern cottonwood, (Populus deltoides) a member of
the Aigeiros section of the genus, is regarded as an exce-
llent candidate for satisfying an increasing demand for
wood and fiber products*>®. As a member of the pure
non-aspen poplars of the genus Populus, P. deltoides roots
easily as stem cuttings. Therefore, i vitro micropropaga-
tion will not be economically competitive for the com-
mercial scale up of desirable genotypes. However, in vi-
ro manipulation can be an effective tool for better un-
derstanding of the differentiation of adventitiously deri-
ved organs and for gene transfer systems.
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This study was initiated to develop basic in vitro re-
generation protocols using several factors, such as diffe-
rent types of plant materials, carbon sources and combi-
nations of growth regulators (TDZ and NAA) to facili-
tate breeding programs of the species.

Materials and Methods

Dormant stem cuttings of P. deltoides were collected
from clones maintained in stool beds. They were taken
to a greenhouse, planted in pots containing peat : perlite
(3:1) and were rooted under 16 hr photoperiod with
a temperature of about 23%. Stem segments were cut
from succulent shoots collected from randomly chosen
ramets of these greenhouse grown plants. The upper 15
—20 cm of actively growing shoots were removed, pla-
ced directly into a plastic bag and immediately transpo-
rted to the laboratory. Shoots were then cut into 1.5 cm
segments encompassing a subtending internode with an
axillary bud. Stem segments containing axillary buds
were surface disinfected and washed for 24 hrs in a so-
lution containing 500 mg/] gentamicin and 300 mg/]
streptomycin. For this step, as well as for all subsequent
washes and rinses, stem segments were agitated using a
gyro-rotary shaker (New Brunswick, G25) with 100
rpm, at room temperature. Then, they were washed for
20 min in a fresh solution containing 1 liter of 2 mg/1
dry detergent (Alconox) and washed again with 1 liter
of 10% bleach (v/v Clorox) for 20 min. Finally, the
segments were rinsed three times with 1 liter sterile wa-
ter for 10 min each. Following these treatments, the
stem segments were transferred to glass tubes (15X
200 mm) containing different basal media.

Basal media were tested by assessing the growth of
axillary shoots from stem segments. The basal media we
tested included half-strength (0.5x) and full- strength
(1x) MS (Murashige and Skoog, 1962), 1x and 2x
WPM (Lloyd and McCown, 1982), and WPM modified
by increasing the level of NH,NO; to that of 1x MS,

denoted MWPM. All of those media contained 1 mg/]
thiamine, 0.5 mg/! nicotinic acid, 0.5 mg/1 pyridoxine,
2 mg/1 glycine, and 100 mg/] myo-inositol. We used
explants from leaves harvested from axillary shoots.
Leaf segments were dissected and classified according to
their origin on the leaf (the distal, the middle, and the
basal), and then transferred to agar-solidified WPM con-
taining 20 mg/1 of sucrose and 4 levels of TDZ (Thi-
diazuron) (0.01, 0.02, 0.05, and 0.10 mg/1) in combi-
nation with 4 levels of NAA (0.0, 0.01, 0.1, and 0.2
mg/1). Each of the 16 combinations was represented by
2 petri dishes each containing 6 segments (2 leaves,
each representing the distal, the middle, and the basal
segment).

To determine the best condidtion for the elongation of
induced adventitious shoots, various components were
tested. For the shoots induced from newly expanded
leaves (ie. elongated i vitro), various growth regulators
and carbon sources, including : 0.01 to 0.05 mg/l of
BA with or without 1 mg/] kinetin or 1 mg/1 GA; : no
growth regulators ; and either 20 mg/1 glucose or fruc-
tose substituted for 20 mg/1 sucrose as a carbon source
supplemented in WPM were tested. To elongate the
shoots induced from greenhouse-grown leaves, we used
WPM containing 10 g/1 fructose supplemented with O.
05 mg/1 BA and 1 mg/l kinetin. Roots were induced
from the elongated shoots using WPM containing 10
mg/] fructose supplemented with 1 mg/1 IBA. The pH
was adjusted to 5.6 after adding all components except
agar. Cultures were grown under the 16 hr photoperiod
using cool white fluorescent tubes (60 pmoles. m™2. §~
1) at 25C.

Results
The tendency of breaking dormancy in axillary buds on
stem segments was similar in all of the media tested (Ta-

ble 1). However, more shoots subsequently elongated
when they were grown on WPM and its derivatives
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Table 1. Effect of basal medium on growth of greenwood cuttings from Populus delfoides. Cuttings were stem segme-

nts with an axillary bud form of Populus deltoides. Observations were made after 5 weeks

Basal No. of No. of Bud Elongated Leaves/
medium® stem segment  Contaminated® Break(%) Shoots( %) Shoots(%1cm)
1XWPm 18 2 100 70 24
MWPM 16 1 100 60 20
2XWPM 16 1 100 60 2.0
1XMS 15 0 100 10 09
1/2MS 14 0 93 40 11

*1XWPM - basal woody plant medium

MWPM - WPM modified by addition of NHJ.NO; to the level in 1 XMS

2XWPM - WPM with 2x macro-nutrients
1XMS - Murashige and Skoog medium
1/2x MS - Half-strength MS

*Values are based on uncontaminated stem segments with axillary buds

than on MS and its derivatives (Table 1). Leaf expan-
sion was also better on the shoots grown on WPM than
those on shoots grown on MS medium. Consequently,
we used WPM as the basal medium for all subsequent
experiments.

Initial efforts to induce in wvitro organogenesis were
made using leaves expanded from axillary buds. We rea-
soned that the regenerative capacity of newly-expanded
leaves of in wvitro cultures would be higher than would
any other type of leaf tissues. After three weeks in cul-
ture, distinctive organogenic sites were developed (Fig.
1). Some of these sites were near wound (i.e. cut) sur-
faces, while others were on or near the portions of the
leaf segments in contact with the medium. Small and
compact adventitious shoots were apparent at all of the
organogenic sites. Of the three types of leaf scgments,
those originating from the middle or the basal portions
of the leaves had more organogenic sites than did those
originating from distal portions (i.e. nearer the leaf tip).
Of the 16 combinations of growth regulators tested, the
combination of 0.01 mg/l TDZ and 0.2 mg/]1 NAA in-
duced the highest number of organogenic sites per leaf
segement (ie. an average of 3.6 organogenic sites per
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leaf segment : Table 2). It is noteworthy that we did
not observe any roots induced. To elongate the adventi-
tious shoots induced, leaf segments having several orga-
nogenic sites were transferred to the fresh WPM contai-
ning 20 g/1 sucrose and 0.01 mg/l BA (without auxin).
However, only few adventitious shoots began to elo-
ngate. And shortly after eclongation, most of the shoots
became necrotic. In an attempt to rescue these adventi-
tious shoots, we employed several modified WPM, inc-
luding lowering the concentration of BA from 0.05 to
0.01 mg/1 with or without 1 mg/l of kinetin and GA
3 » no growth regulators 5 and replacing the 20 g/1 suc-
rose with 20 g/1 fructose or 20 g/1 glucose with 0.01
mg/] BA. Adventitious shoots elongated and remained
healthy only when they were cultured on the medium
supplemented with 20 g/1 fructose and 0.01 mg/] BA
(Fig. 2). Some adventitious shoots also elongated on
other media, but they were not healthy, and became ne-
crotic and died eventually (Fig. 3A). To test the effect
of fructose as a carbon source, several unhealthy leaf
segments with adventitious shoots were removed from
the medium containing sucrose and placed onto the me-
dium containing fructose. Within a week, shoots on
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Fig. 1. 1. Development of the structures resembling somatic embryos on leaf explants from P. deltoides. These struc-
tures developed 2 weeks after culture under the light condition.
2. Adventitious shoots developing on a leaf segment of P. delfoides on WPM supplemented with TDZ (0.5
mg/1) and NAA (0.05 mg/1). The explant was originated from fully expanded, greenhouse-grown leaves. Note
that shoots are developing from red, compact calli.
3. Elongation of an adventitious shoot on a leaf segment derived from an axillary shoot of a stem segment
from P. deltoides. Leaf segment had begun to senescence on medium containing sucrose (A), but they revived
after being transferred to the same medium containing fructose. Adventitious shoots began to elongate within
a week (B).
4. Development of adventitious roots from elongated shoots on rooting medium (WPM containing 1 mg/l IBA
and 10 g/1 fructose).
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Table 2. In vitro induction of organogenic sites from Populus deltoides leaf segments originating from partially expan-
ding leaves grown in witro. Data represent the total number of organogenic sites counted after three weeks

in culture (n=12)*

Growth regulators Origin of Site of Total Avg. per
and conc.(mg/1) Leaf segment® Regeneration® Number of Leaf
TDZ NAA D M B wound nonwound  Organogenic site’ segment
0.01 0.00 1 1 4 6 0 6 0.5

0.01 4 5 5 14 0 14 1.2
0.10 2 15 13 22 8 30 25
0.20 15 18 10 31 12 43 3.6
0.02 0.00 0 2 1 3 o] 3 0.3
0.01 1 3 4 8 0 8 0.7
0.10 3 7 11 19 2 21 1.8
0.20 2 3 5 9 1 10 0.8
0.05 0.00 1 4 o) 4 1 5 0.4
0.01 0 0] 5 5 0 5 0.4
0.10 2 2 3 5 2 7 0.6
0.20 1 4 4 9 0 9 0.8
0.10 0.00 0 2 3 5 0 5 04
0.01 1 0] 0 0 0 1 0.1
0.10 0 1 4 5 0 1 0.4
0.20 0 1 3 4 0 4 0.3

*Total number of leaf segments for each combination of growth regulators

bdistal (D), middle (M), and base (B)

“Indicates whether or not the organogenic sites were located near a wounded or unwounded portion of the leaf segments.

“Total number of organogenic sites observed on 12 leaf segments. These were located on segments with distal, mid-

dle, or basal origins, or near wounded or unwounded sites as indicated.

these segments began to elongate (Fig. 3B). This indica-
tes that fructose has a promoting effect on the elonga-
tion of P. deltoides shoots in vitro. Once they elongated
to about 3 cm in height, 15 shoots were transferred to
the rooting medium (WPM containing 10 g/l fructose
and 1 mg/l IBA) where they all rooted well. Within 2
weeks of culture on the rooting medium, each shoot
produced several healthy roots (Fig. 4).

Discussion

Ammonium nitrate, one of the most important ingre-
dients of the macro-elements in the medium, is selecti-
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vely uptaken as either NH,* or NO,~, or both. Howe-
ver, the amount needed is considerably different, depen-
ding on plants or types of tissues of the same plants.
Ammonium nitrate can be toxic to some plants that
make establishing n vitro culture difficult. Flinn ef al”
reported that high concentration of ammonium nitarte
in the medium markedly decreased the number of adve-
ntitious buds from the mature embryos of white pine
(Pinus strobus). When compare the concentration of
ammonium nitrate in two media, that in MS medium is
almost as twice as that of WPM. In P. delfoides stem se-
gments used in this experiment, WPM was much better
in bud breaking and shoot elongation from axillary buds
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MS (Table 1). However, MWPM in which NH,NO; co-
ncentration is increased upto that of MS also showed
high rates (Table 1). Therefore, other components in
the medium might be more critical for breaking bud and
elongating shoots from P. deltoides stem segments.

TDZ, which is one of the cytokinins, has been used
to induce axillary and adventitious shoot proliferation
from various woody perennial species®®. It also has
shown to be suitable for inducing adventitious shoots
from P. deltoides leaf segments as demonstrated in this
study. In general, adequate combination of cytokinin
and auxin is necessary for inducing adventitious shoots,
usually the level of cytokinin is higher than that of au-
xin. However, the results observed in this study were
unusual because the combination of higher auxin conce-
ntration and lower cytokinin concentration showed bet-
ter inducibility (Table 2). It may be due to a strong ac-
tivity of TDZ that can induce adventitious shoots, even
used at low level.

Most adventitious shoots on leaf explants were indu-
ced at or near wound sites. Structures resembling soma-
tic embryoids were observed in the some organogenic
sites (Fig. 1). However, we did not find shoots and
roots connected together (i.e. connected by vascular tis-
sues) after they were transferred and grown on the
fresh media.

Although in vitro grown leaves produced many adven-
titious shoots on WPM containing sucrose and low con-
centrations of BA, their subsequent elongation was not
successful. Elongation of these shoots was obtained only
when they were grown on the medium containing fruc-
tose with a low concentration of BA (0.05 mg/1). Since
adventitious shoots died on all media containing either
sucrose or glucose, it seems that these compounds may
have a inhibitory effect on the growth of adventiticus
shoots originated from the leaves of P. delioides. After
shoots were transferred to the fresh medium containing
sucrose, they became dark and senescenced. Even
though sucrose is most frequently used carbon source

for in vitro cultures'®>*'? it does not seem that it is
suitable for elongation and further development as
shown in this experiment.

Reports indicated that other carbon sources than suc-
rose are needed for successful in vitro culture. Ohyama
and Oka'® found that fructose was needed to prolife-
rate shoots from winter buds and shoot tips of mulbe-
mry. Viss and Ruzin'® reported that calli induced from
several poplars developed shoots with a high frequency
on the media containing maltose or glucose rather than
sucrose. Although Prakash and Thielges'” induced ad-
ventitious shoots from leaf segments of P. deltoides using
glucose as a carbon source, they did not induce adventi-
tious shoots directly from leaves, but from calli. Cole-
man and Emst*” observed consistent browning and ne-
crosis and suggested that cytokinins, especially BA, mi-
ght be toxic to P. deltoides or its hybrids (P. delfoides X P.
nigra) grown in vitro. In an effort to minimize cytokinin
toxicity, Coleman and Emnst'? used zeatin in the media
they used. In contrast to the previous reports, we found
that TDZ in combination with NAA stimulated develop-
ment of adventitious shoots, and these shoots could be
readily elongated on the media containing fructose and
a low concentration of BA. In vitro elongation of P. del-
toides shoots may be inhibited by sucrose alone, or pe-
rhaps by sucrose in combination with certain concentra-
tion of BA. Different carbon sources may be needed for
successful culture of explants from different organs or
from different species, or even from explants from the
different organs but from same plants'®. Our direct re-
generation system based on the use of greenhouse-grown
mature leaves may be suitable for rejuvenating forest
plantations with minimizing somaclonal variation and
for production of transgenic plants using Agrobacterium
or biolistic mediated transformation systems.
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