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Research paper

Application of Gibberellic Acid (GA;), Indole-3-Acetic Acid
and Cefotaxime in the Micropropagation of Quercus aliena

Blume var. aliena for Shoot Elongation
Yue-Ken Liao"™”  Kuan-Li Lin"

[ Summary ]

Gibberellic acid (GA,), indole-3-acetic acid (IAA), and cefotaxime (CEF) were applied for
the micropropagation of Quercus aliena Blume var. aliena to evaluate their potential in promot-
ing shoot elongation. Based on a paraffin sectioning method, we observed the length of pith cells
in elongated large shoots (> 1.5 cm) obtained from the micropropagation experiments. These ex-
aminations provided anatomical information to demonstrate the influence of the 3 chemicals on
promoting shoot growth and to understand their impacts on pith cell elongation. In vitro rooting
and subsequent acclimatization of the regenerated shoots were also monitored to determine if any
carryover effects existed. A procedure for the additional supplementation of the test chemicals was
adopted in a documented culture method (as a control in this study), which was previously deter-
mined to be an effective treatment for culturing the same species. Nodal segments collected from
epicormic shoots of mature trees were used as initial explants. Axillary shoots induced from the
explants were harvested as experimental materials; they were cultured for 8 wk on GD, medium
containing 6-benzylaminopurine (BAP) and 17.67 uM AgNO; as the control. The incorporation of
0.5 uM GA, (for 2 wk), 1.43 uM TAA, or 250 mg L"' CEF (both for 8 wk) into the control proved
beneficial for large shoot formation. Regeneration of large shoots from GA, treatment was 4-fold
greater than those from the control indicating a better potential of GA, for practical application.
The anatomical analysis revealed that pith cell elongation was clearly observed at a position 0.4
cm below the shoot apical meristem (SAM). However, such elongation was detected much closer
to the SAM (0.2 cm) in large GA;-induced shoots. The elongated shoots obtained from all chemi-
cal treatments achieved similar rooting percentages (63~74%). Plantlets derived from CEF-treated
shoots exhibited the worst survival rate (49.1%).
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Table 1. Assigned gibberellic acid (GA;) concentrations (uM) and scheme of application for
shoot elongation in micropropagation of Quercus aliena Blume var. aliena

" Initiation” Elongation”
Treatment
2 wk 2 wk 2 wk 2 wk
SI (control) 0.0 0.0 0.0 0.0
SII 0.0 0.5 0.0 0.0
Test of concentration SIIT 0.0 0.5 0.5 0.0
SIV 0.0 10.0 0.0 0.0
SV 0.0 10.0 10.0 0.0
TI 0.0 0.5 0.0 0.0
Test of application stage TIL 0.5 0.0 0.0 0.0
TII 0.5 0.5 0.0 0.0

" All cultures were incubated on GD, medium.

? Initiation media were additionally supplemented with 0.88 uM 6-benzylaminopurine (BAP).
¥ BAP was reduced to 0.44 uM throughout the elongation stages (6 wk).
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Table 2. Shoot production, large shoot formation (elongation), and maximum leaf index
obtained from Quercus aliena Blume var. aliena explants as affected by gibberellic acid (GA;)
given in different combinations of concentrations and durations as shown in Table 1

GA, Shoot production Large shoot formation Leaf index
treatment” No. (explant)’ ? No. (explant)’®  Percentage (%)>” LSPR? length x width”
ST 5.4+0.5% 0.4+0.1" 6.34+1.9° 1.00 74.5+£9.9°
SII 6.01+0.6" 1.6+0.3" 244+5.1° 4.00 51.5+£7.0°
SII 45+0.5" 0.94+0.2° 20.8+4.9% 2.25 33.6+5.3°
SIV 43+0.6™ 0.5+0.1 10.6+3.1% 1.25 17.8+£3.7%
SV 3.1+£04° 0.3£0.1° 8.50+3.7° 0.75 122+2.1¢
TI 53+0.5" 1.3£0.2° 27.1£5.6" 1.00 294+4.8°
TII 55+04" 0.7£0.2° 16.1+4.4 0.54 54.5+6.5"
TIII 42%0.6" 0.7£0.2° 19.4£5.8" 0.54 21.6+4.3°

" See Table 1 for treatment codes, GD, medium was used in all treatments.

? Mean + standard error (n = 10) followed by different superscript letters significantly differ as detected by the

least significant difference test at p < 0.05.

¥ Percentage data of large shoot formation were subjected to arcsine transformation before analysis.

¥ LSPR, large shoot proliferation rate; see text for definition.
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Table 3. Shoot production, large shoot formation (elongation), and maximum leaf index
obtained from Quercus aliena Blume var. aliena explants (incubated on GD, medium) as
affected by indole-3-acetic acid (IAA) given at both the initiation (2 wk) and elongation (6
wk) stages, 6-benylaminopurine (BAP) (0.88 and 0.44 pM) was respectively applied in each

stage as noted in Table 1

IAA Shoot production Large shoot formation Leaf index
(M) No. (explant)""” No. (explant)” ! Percentage (%)"? LSPR” length x width"
0.00 6.50+0.3° 1.8+0.2% 28.1+4.1° 1.00 104.0+9.0°
0.72 7.30£1.5° 25403 334+34° 1.39 92.7+5.5"
1.43 124+1.2° 4.0£0.5" 32.6+2.9° 2.22 73.4£5.0°
2.85 10.5+0.9° 33+04° 32.0+3.9° 1.83 49.0+5.7°

" Meanzstandard error (n = 10) followed by different superscript letters significantly differ as detected by the

least significant difference test at p < 0.05.

? Percentage data of large shoot formation were subjected to arcsine transformation before analysis.

Y LSPR, large shoot proliferation rate; see text for definition.
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Fig. 1. In vitro micropropagated shoots of Quercus aliena Blume var. aliena obtained from
shoot elongation experiments. Shoot growth on GD; medium was monitored to identify the
effects of adding gibberellic acid (GA;), indole-3-acetic acid (IAA), and cefotaxime (CEF).
(A) Non-treated control of the GA, experiment and (B) the best shoot elongation response
to GA; application (SII treatment as described in Table 1). (C) Non-treated control of the
IAA experiment and (D) the best shoot elongation response to IAA treatment (1.43 pM).
(E) Non-treated control of the CEF experiment and (F) the best shoot elongation response
to CEF treatment (250 mg L™'). Shown in small pictures are their maximum leaf expansion.
Arrows in D and F show abundant axillary shoots secondarily regenerated from large
shoots. Bars = 2.0 cm.
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Table 4. Shoot production, large shoot formation (elongation), and maximum leaf index
obtained from Quercus aliena Blume var. aliena explants (incubated on GD; medium) as
affected by cefotaxime (CEF) given at both the initiation (2 wk) and elongation (6 wk)
stages, 6-benzylaminopurine (BAP) (0.88 and 0.44 nM) was respectively applied in each
stage as noted in Table 1

CEF Shoot production Large shoot formation" > Leaf index
(mgL™) No. (explant)™ " No. (explant)’ " Percentage (%)"”  LSPR” length x width"
0 6.00£0.4" 0.8+0.2" 123+2.3" 1.00 93.7+10"
250 8.00+0.5" 1.54+0.2° 19.6+2.3" 1.88 94.6+9.6°
500 6.90+0.6" 0.8+0.2° 12.6+2.9° 1.00 66.7+5.8°
1000 6.00+0.7° 0.3+0.1° 456+1.6° 0.38 50.3+5.0°

" Meanzstandard error (n = 10) followed by different superscript letters significantly differ as detected by the
least significant difference test at p < 0.05.
? Percentage data of large shoot formation were subjected to arcsine transformation before analysis.

¥ LSPR, large shoot proliferation rate; see text for definition.

Table 5. When incubated on GD, medium, elongated large shoots of Quercus aliena Blume
var. aliena induced from selected treatments of Tables 2, 3, and 4 exhibiting difference in
growth and length of pith cells compared to their controls (untreated explants)

Treatment Shoot length (mm)" (n = 5) Cell length (um)™? (n = 45)
GA,
SI 17.6+1.6 36.5+0.6
SII 249+1.6 413409
t-value 3.25% 4.51*(1.13)
IAA
0 M 24.5+0.5 40.9+0.7
1.43 uM 2524+0.6 4124+0.6
t-value 0.91 0.35 (1.01)
CEF
0OmgL’ 18.5+0.9 353+0.6
250 mg L 19.9+0.4 42.5+0.7
t-value 1.36 7.67* (1.20)

" Shoot length (meanzstandard error (SE)) analyzed by an independent sample #-test showing a significant dif-
ference (*) in gibberellic acid (GA,) treatment (¢-value = 3.25 > table value 7, 45, ) = 2.26).

? Cell length (mean =+ SE) analyzed by an independent sample #-test showing a significant difference (*) in GA,
and cefotaxime (CEF) treatments (z-value = 4.51(GA;) and 7.67 (CEF) > table value £ s, g9 = 1.99).

*Numbers in the parentheses are percentage increases in the selected treatments vs. their controls.

IAA, indole-3-acetic acid.
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0.3 ¢
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Fig. 2. GD, medium supplemented with
gibberellic acid (GA;) (SII treatment

in Table 1) for micropropagation of
Quercus aliena Blume var. aliena

to enhance shoot elongation which
influenced the length of pith cells. (A,
C, E) Measurements of cell length in
elongated shoots of non-treated controls
at positions marked with ‘*’ at 0.2,

0.3, and 0.4 cm, respectively, below the
shoot apical meristem. (B, D, F) The
same measurements were taken in the
counterparts collected from GA;-treated
shoots. Opposite arrows in the pair in
each figure indicate the measurement
range of 20 cells. Bars = 100 pm.
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Table 6. When incubated on GD, medium, elongated large shoots of Quercus aliena Blume var.
aliena induced from selected treatments of Tables 2, 3, and 4 exhibited differences in length of
pith cells at assigned apical stem positions compared to their controls (untreated explants)

Cell length (um, n = 15) at different positions

Treatment (Distance below the shoot apical meristem)
0.2 cm" 0.3 cm" 0.4 cm"

GA,

s 35.8+1.0° 35240.7° 38.6+1.1°

IR 40.7+1.7° 413+1.5 42.0+1.6°

t-value 248" 3.75% 1.79
IAA

0 pMm? 39.0+1.4° 40.8+1.3" 429+1.0°

1.43 pMm? 38.2+0.9° 40.9+0.9° 447+1.0°

t-value 0.50 0.08 1.22
CEF

0mgL"'? 329+0.8 35.1+£1.0° 38.6+1.0°

250 mg L'? 38.04+0.9° 42.6+12° 47.0+1.1°

t-value 4.12% 4.75% 5.75%

" t-values greater than the table value ? 005, 29) = 2.05 (marked with*) represent a significant difference as detect-
ed by an independent sample z-test where cell length (mean =+ standard error) was compared between a selected
treatment vs. its control at three assigned positions below the shoot apical meristem.

' Mean values of cell length followed by different superscript letters in the same row (among positions) signifi-
cantly differ as detected by a least significant difference test at p < 0.05.

GA,, gibberellic acid; IAA, indole-3-acetic acid; CEF, cefotaxime.



SRR 37(1): 21-39, 2022

0.2 cm

03¢

0.4c

Fig. 3. GD, medium supplemented with
1.43 pM indole-3-acetic acid (IAA) for
micropropagation of Quercus aliena
Blume var. aliena to enhance shoot
elongation which influenced the length

of pith cells. (A, C, E) Measurements of
the cell length in elongated shoots of non-
treated controls at positions marked with
‘*7at 0.2, 0.3, and 0.4 cm, respectively,
below the shoot apical meristem. (B, D, F)
The same measurements were taken in the
counterparts collected from [AA-treated
shoots. Opposite arrows in the pair in each
figure indicate the measurement range of
20 cells. Bars =100 pm.
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Fig. 4. GD, medium supplemented

with 250 mg L™ cefotaxime for
micropropagation of Quercus aliena
Blume var. aliena to enhance shoot
elongation which influenced the length of
pith cells. (A, C, E) Measurements of cell
length in elongated shoots of non-treated
controls at positions marked with ‘*’ at
0.2, 0.3, and 0.4 cm, respectively, below
the shoot apical meristem. (B, D, F) The
same measurements were taken in the
counterparts collected from cefotaxime-
treated shoots. Opposite arrows in the pair
in each figure indicate the measurement
range of 20 cells. Bars = 100 pm.
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Table 7. Rooting performance and acclimatization survival of regenerated shoots obtained
from Quercus aliena Blume var. aliena explants that previously received different elongation
treatments

Elongation Rooting Number Longest root Acclimatization
treatment origin percentage (%)"” of roots” (cm)” survival (%)"”
ST control 43.0+7.3° 1.7£0.1* 1.9+0.2° 85.8+5.0°
GA, (SIT) 63.0+5.8° 1.6+0.1° 1.240.1% 73.7+7.0°
1.43 utM TAA 69.0+7.1° 1.5+0.1° 1.7£0.1% 83.1£3.0°
250 mg L' CEF 74.0£5.6" 1.5+0.1° 1.5+0.1° 49.1+4.8°

Y Data (meanzstandard error, n = 50) followed by different superscript letters in the same column significantly
differ as detected by a least significant difference test at p < 0.05.
? Percentage data of rooting and acclimatization survival were subjected to arcsine transformation before analysis.

GA,, gibberellic acid; IAA, indole-3-acetic acid; CEF, cefotaxime.
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Fig. 5. Rooting of in vitro micropropagated Quercus aliena Blume var. aliena shoots on
modified GD, medium that previously received shoot elongation treatments using chemicals
as noted in the figure. Roots that developed from gibberellic acid (GA;)-treated shoots
showed dark-brown coverage on the root surface (arrow). Bar = 2.0 cm.
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