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In Vitro Callus Induction and Shoot Initiation of
American Chestnut ( Castanea dentata)
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Abstract: In vitro callus induction and shoot initiation of the American chestnut ( Castanea dentata )
were investigated in response to different plant growth regulators (auxins and cytokinins) in the culture
medium. Micropropagated shoots were used as explant materials. Auxins included indolebuiyric acid
(IBA), naphthaleneacetic acid (NAA), 2, 4-dichlorophenoxyacetic acid (2, 4-D), and 2, 4, 5-
trichlorophenoxyacetic acid (2,4,5-T) . Cytokinins included kinetin, N-(2-chloro-4-pyridyl)-N’- pheny-
lurea (CPPU), thidiazuron (TDZ), and zeatin. Woody plant medium (WPM) salts containing 3% su-
crose and 0.7% agar were used as the basic culture medium. Differences in the number of shoots (pri-
modia) , morphology of micropagated shoots, and amount of callus were observed between the plant growth
regulator treatments and concentrations. Explants cultured in media containing cytokinins produced more
shoots (primodia) with TDZ producing the most, followed by CPPU, kinetin and zeatin. Explants cul-
tured in media containing auxins enhanced callus induction with 2,4,5-T achieving the most, followed by
2,4-D, IBA and NAA.
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The American chestnut [ { Castanea dentata
(Marsh.) Borkh], a member of the beech family (Fa-
gaceae), was once the most agro-economically impor-
tant forest hardwood timber species in the eastern Unit-
ed States''). But due to the fungal pathogen Cry-
phoneciria parasitica (Murrill) Barr in the early 20th
century it was virtually eliminated'> . As a tree, the
American chestnut was a valued resource. Tt provided
lumber for building and a plentiful supply of chestnuts
with low fat content that were used in various foods.
The American chestnut tree was also the primary source

of tannin, a compound used to treat and cure

leather! 341

. Furthermore, the leaves and the bark were
used in herbal preparations. The chestnui iree was also
a grand and graceful tree in maturity and was used
throughout the east as a welcome landscaping.

In recent years through lissue culture and genetic
transformation techniques considerable progress has
been made towards the restoration of the American
chestnut. Part of what is needed to be done is to take
newly optimized plant cells and regenerate them into
whole plants. This can be done using micropropagation
system techniques to propagate them rapidly for large-
scale field testing and eventually for commercial and

restoration planting. Tissue culture procedures, such

XEHRS: 1000-5684(2008)04-0466-06

as micropropagation, have been demonstrated to be a
valuable supplement to traditional breeding methods for

(563 Micropropagation is a

enhancing disease resistance
proven system of regeneration in forest biotechnology.
Several millions of identical true-to-type individuals can
be produced saving time and space.

Micropropagation has been practiced using field
explants of the Castanea species. However, very limit-
ing rooting was reported when microshoots of juvenile o-
rigin were cultured on Murashige and Skoog medium
with one-half nitrates with either 0.5 or 1.0 mg/L IBA
for 1—3 weeks followed by transfer to an auxin-free

medium! 7

. It was also reported that callus formation
of Castanea dentata only occurred from winter buds
when the medium was supplemented with auxin and
kinetin!>*! . There is no reported work describing plant
regeneration of Castanea dentata from callus cultures.

Although some success'> 7101 has been achieved
using micropropagation techniques on explants of the
Castanea species, there are currently no efficient or
reliable protocols with which successful reintroduction
of the American chestnut can be assured. To address
this need the objective of this study was to improve in
vitro regeneration efficiency of the American chestnut to

provide a reliable production protocol for genetic trans-

TR LK FZIR Journal of Jilin Agricultural University


http://www.cqvip.com

468 EHEAHRERLXFFHK 2008 F8 A

formation, by investigating the effecis of plant growth

regulators and their concentrations.

1 Materials and Methods

1.1 Explant materials

Stock chestnut cultures were initiated and main-
tained on WPM with 3% sucrose, 0.7% agar and
0.1 mg/L BA. Micropropagated shoots were cut to
about 0.5 ecm (1/4 inch) in length and used as ex-
plant materials for this research.
1.2 Basic culture medium and culture conditions

Lloyd and McCown’'s woody plant medium salts
containing 3% sucrose were used as the basic culture
medium' > . The pH of all the media was adjusted to
5.8 using 0.1 mol/L. KOH or 0.1 mol/L HCI before
the addition of 0.7% agar and autoclaving at 121°C
(106 kPa) for 20 min.

Cultures were then incubated under 30—
40 pmol/(s*m?) and 16 h photoperiod provided by
cool white fluorescent tubes at {23 = 1)°C. Explant
samples were cultured in individual glass culture vials
containing 10 mL of each plant growth regulator or con-
centration treatment medium. All cultures were trans-
ferred to fresh media every four weeks.
1.3 Plant growth regulators for shoot initiation

and callus induction

Four auxins (IBA, NAA, 2,4-D, and 2,4,5-T)
at0.5, 1.0, 1.5, 2.0 mg/L, and four cytokinins
(CPPU, kinetin, TDZ and zeatin) at 0.1, 0.5, 1.0,
2.0 mg/L were added separately to the basic culture
medium to study their effects on shoot initiation.
1.4 Experimental design and data analysis

A completely randomized design was used to as-
sign the plant growth regulators at their various concen-
tration levels. There were 36 culture vial replications
per plant growth regulator concentration ireatment.
Each culture vial contained one explant. Data on per-
cent of explant regenerating shoots and callus induction

were analyzed using SAS to determine the influence of
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plant growth regulators and concentration treatments.
The treatment differences were separated using Least
Significant Difference (LSD) at a=0.05 level. Mor-
phological characteristics were also recorded and com-

pared among the treatments.
2 Results and Discussion

2.1 Effect of growth regulators and concentra-
tions on shoot initiation

Cytokinins and their concentration levels signifi-
cantly influenced in wvitro shoot growth and develop-
ment. Among the four cytokinins tested, zeatin was as-
sociated with the lowest shoot multiplication, while
TDZ and CPPU had the highest (Table 1) . In terms of
concentration levels, both TDZ and CPPU at 0.1 and
1.5 mg/L produced the best shoot multiplication. This
finding is supported by other researchers with other
plant species who recorded an increase in shoot multi-
plication rate by increasing the level of cytokinin up to
a certain value depending on the micropropagated plant

[617)  The basis for the increase

and culture conditions
is likely due to the cytokinin stimulatory effect on cell
division and enlargement. Differences in the number of
shoots (primodia) and morphology of micropropagated
shoots were observed between the cytokinin treatments
and concentrations within each cyiokinin. Explants cul-
tured in media containing cytokinins produced numer-
ous shoots and/or clusters of primodia. However, there
were variations in the color of the shoots produced from
cytokinins media. Explants from the CPPU or TDZ
treatments swelled and produced numerous shoots and/
or cluster of primodia that were purple or red-purple in
color, while explants receiving the zeatin and kinetin
treatments produced considerably less axillary shoot
with regular green color (data not shown). Lower con-
centrations of TDZ resulted on many short adventitious
shoots (primodia), whereas the higher concentration of

TDZ resulted in low number of shoot primodia.
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Table 1. Shoot initiation of American chestnut explants cultured on WPM pius cytokinins at different concentrations for 8

weeks

Explants regenerating shoots/ %

Concentration/(mg-L~7)

TDZ Zeatin Kinetin CPPU
0.1 84 29 47 74
0.5 75 35 41 68
1.5 88 28 54 76
2.0 55 35 29 65
LSD§ s 14 7 13 10

% ISD values are for comparison within each cytokinin only

Measurable shoot proliferation was also observed
in explants in media containing auxins. The results
clearly indicate that medium containing auxins with low
(0.5 mg/L) IBA was greatly favored for shoot initia-
tion (Table 2). As the IBA concentrations increased
the number of the shoot production decreased. The ax-
illary shoot proliferation was the lowest with the culture
medium containing NAA or 2,4,5-T. It appears that
shoot production had a tendency to increase at low con-
centrations but decreased considerably at the highest
concentration (2.0 mg/L) . These results might be due
to the combination effects of BA and IBA because the

stock cultures were maintained in WPM containing
0.1 mg/L BA. Variations in the shoot morphological
characteristics of these micropropagated shoots were ob-
served between the plant growth regulator treaiments
and concentrations ( data not shown). Shorter shoots
and leaves developed at higher concentration, which
was almost consistent with the result obtained for shoot
production. A similar paitern was observed in the color
of the shoot; explants cultured on the medium with IBA
or 2,4-D produced green and healthy shoots, whereas
those shoots developed in NAA or 2,4, 5-T had a

greenish-yellow color.

Table 2. Shoot initiation of American chestnut explants cultured on WPM plus auxins at different concentrations for 8 weeks

Explants regenerating shoots/ %

Concentration/ (mg-L~ Ly

1BA NAA 2,4-D 2,4,5-T
0.5 72 15 67 3
1.0 45 7 42 13
1.5 63 3 31 6
2.0 14 3 10 3
LSDg o5 13 5 11 ' 5
* LSD values are for comparison within each auxin only.
We also noticed shoot apex necrosis in our chest- 2.2 [Effect of plant growth regulators on C.

nut cultures, which could seriously hamper the progress
of tissue culture research. Previous studies have also
noted severe loss of cultures due to apex necrosis for

Chesmut[7,12,18—l9]

. Shoot apex necrosis has been con-
sidered a physiological disorder for American chestnut
and European chestnut''®?) . Exudation of phenolics
had been reported to cause necrosis of shoot tips in in
vitro culture of many tree species. Along with the hor-
monal hypothesis, deficiency of calcium or boron had

been suggested as the most likely cause of tip necro-
. [2122]
sis .

dentata callus initiation

Four different auxins and cytokinins and concen-
trations were investigated on callus induction. The re-
sults showed that the medium containing 2, 4, 5-T at
0.5 mg/L was greatly favored for callus initiation
(Table 3). As the 2,4,5-T concentration increased,
the percentage of explants producing callus decreased.
The callus induction was the lowest with the culture
medium containing NAA, although there were reports
that NAA induced good-quality callus in a number of
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(3] Qur results indicate that callus

medicinal plants
induction decreased at higher concentrations of auxins,
but increased considerably at the lowest concentration
(0.5 mg/L). During the experiment differences were

observed on percentage explants with callus. Between

£ 000 http://www.cqvip.com|

28% and 84% of explanis of C. deniata produced
callus when the explants were cultured on media con-
taining different auxins with 2,4, 5-T and 2, 4-D the
highest and NAA the lowest.

Table 3. Callus induction of American chestnut explants cuftured on WPM plus auxins at different concentrations for 8 weeks

Explants producing callus/ %

Concentration/(mg-L™")

1IBA NAA 2,4-D 2,4,5-T
0.5 53 52 68 84
1.0 61 59 74 71
1.5 47 28 72 81
2.0 51 41 67 58
L8Dg'gs 8 12 6 18

* LSD values are for comparison within each awdn only

Auxins in the culture media also influenced cal-
lus’ color and the other morphological characteristics
(data not shown). Callus produced from explants cul-
tured in medium containing 2,4,5-T was compact and
greenish-white than callus produced on the media con-
taining IBA, NAA or 2,4-D. The callus appeared less
thick and yellowish-white from explants cultured on
IBA, NAA or 2,4-D. However, the callus induced
from cultured media did not regenerate into shoots. Ex-
tended incubation over a exiended period of time on
medium containing 2,4,5-T resulted in the callus tum-
ing brown.

It is normally believed that cytokinins induced

shoot imtiation. However, we noticed from our re-
search that callus induction was achieved when explant
materials cultured in media containing different cy-
tokinins at various concentrations ( Table 4) . The per-
centage of explanis producing callus was quite signifi-
cant between as high as 41% and as low as 3% among
the cytokinins and concentrations treatments. The re-
sults indicated that callus proliferation was of a lower
percentage when CPPU was used instead of kinetin.
Kinetin in the medium appeared to have effect on callus
induction of chesinut. The increases in shoot number in
the media containing cytokinins were associated with a

progressive decrease in callus production.

Table 4. Callus induction of American chestnut explants cultured on WPM plus cytokinins at different concentrations for

8 weeks

Explanis producing callus/ %

Concentration/(mg-L~")

TDZ Zeatin Kinetin CPPU
0.1 28 29 31 12
0.5 22 9 41 15
1.5 41 13 36 3
2.0 27 12 41 8
LSDyq o5 11 14 7 6

* LSD values are for comparison within each cytokinin only
3 Conclusions

Our results indicate that CPPU and TDZ at low
concenirations significantly enhanced in vitro shoot ini-

tiation of the American chestnut. Some auxins in the

culture media also increased percentage of explant pro-
ducing shoots. This result might be due to the combi-
nation effects of BA and IBA because the stock cultures
were maintained in WPM containing a low concentra-

tion of BA. The appropriate combination of an auxin
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and a cytokinin could further improve the efficiency of
in vitro shoot proliferation of American chestnut. Con-
trary to conventional belief, we observed that cytokins
in the culture medium also had an effect on callus in-
duction of American chestnut. While the results of this
study demonstrated that the effectiveness of selecting
different plant growth regulators, further research is
needed to confirm our observations and to further inves-
tigate the interaction of auxins and cytokinins for im-
proving in wvitro regeneration efficiency of American

chestnut .
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