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Abstract

Aims Extensive collection, environmental deterioration, slow seed germination and low germination percentage
have seriously degraded the natural resources of Malaxis monophyllos, resulting in a vulnerable situation for the
species. Our objective is to establish an asymbiotic germination system of M. monophyllos seeds to protect and
propagate the species.

Methods
Knudson C medium supplemented with 2% sucrose, 3% activated charcoal and 0.8% agar as the basic medium to
investigate the effects of a-naphthalene acetic acid (NAA), 6-benzylaminopurine (6-BA), coconut milk, meshed

banana, meshed potato and light on seed germination via the orthogonal test.

Seed morphology was investigated by optical microscope and scanning electron microscope. We used

Important findings Periclinal walls of testa cells were smooth and had no veins, but anticlinal walls were thick
and had clear surface patterns. Through the orthogonal test and redundancy analysis, an optimal formula for
asymbiotic seed germination was determined: the medium supplemented with 4.5 mg-L™' NAA, 10 mg-L™' 6-BA,
8% meshed banana and 3% meshed potato in the light (12 h light/12 h dark at 20 pmol'm *'s ' of light intensity).
Seed germination was > 90% with this formula.
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Fig. 1 Morphology of Malaxis monophyllos seed. A, Optical microscopic photograph. B, C, Scanning electron micrographs.
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Fig. 2 Germinated Malaxis monophyllos seeds (A) and protocorms (B and C).
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Table 2 Orthogonal test L4 (4)° of germination of Malaxis monophyllos seeds

0.5 mm

pOgi A B C D E eI Light % Darkness

Treatment Wi % FRERSE R EEESEE:
Germination (%)  Protocorm (%) Germination (%) Protocorm (%)

1 1 1 1 1 1 10.75 + 1.75% 0.00 = 0.00¢ 73.00 + 2.00° 7.61 +1.28°

2 1 2 2 2 2 45.00 + 3.50° 17.97 £2.51* 52.50 + 3.50¢ 1.34 + 1.34%

3 1 33 3 3 40.006.00 3.64 £ 0.70b% 36.50 = 1.50° 0.00 £ 0.00°

4 1 4 4 4 4 23.00 % 4.00° 0.00 + 0.00° 74.00 % 4.00° 0.00 + 0.0

5 2 1 2 3 4 79.00 = 3.00° 7.89 + 0.65%° 76.50 % 2.50% 0.00 + 0.00°

6 2 2 1 4 3 3.50 + 2.50¢ 0.00 + 0.00¢ 81.00 + 5.50% 425 +0.75%

7 2 3 4 1 2 20.50 + 3.50e" 0.69 £ 0.69% 78.67 £ 1.67% 3.28 +0.04™

8 2 4 3 2 1 40.75 + 3.75% 439 +1.02% 2.50 + 1.508 0.00 % 0.00°

9 3 1 3 4 2 10.75 + 2.50¢ 0.00 + 0.00¢ 2.00 £ 1.008 0.00 = 0.00°

10 3 2 4 3 1 19.67 + 3.67¢ef 16.96 + 4.46™ 15.50 + 4.00" 0.00 = 0.00¢

11 3 3 1 2 4 86.25 + 4.75% 7.61 + 3.93% 85.25 +2.25% 0.00 = 0.00°

12 3 4 2 1 3 28.25 +2.75% 4.55 +1.33% 2.50 + 1.008 0.00 + 0.00°

13 4 1 4 2 3 18.50 & 2.50° 0.00 + 0.00° 83.25 &+ 3.75% 4.47 +0.70%®

14 4 2 3 1 4 36.50 = 1.00% 6.23 +2.23%¢ 61.50 + 3.50° 2.74 + 1.88%

15 4 3 2 4 1 30.25 +0.75% 1.61 +1.61% 8.75+1.25% 0.00 = 0.00°

16 4 4 1 3 2 93.25 £2.25° 8.77 +£5.11% 89.50 + 2.00° 5.02 + 0.45%

SEARKEFRILNKC, TLAPaIN2% (wv)RERE 3% (w/v)ili P 5 R10.8% (w/v)BER, pH 5.5; FhF7E(25 +£2) C, JaIOG ISR 420
pmol-m™2s™, JEEWI 12 W12 h)EiE BIEHil & 140K, EHE3K, BEK150-300kF T £ HdRiCE I EEbEiR 2, R
FNGPREORERBEP < 0.05); A-E[fE1.
Seeds were germinated on the KC medium supplemented with 2% (w/v) sucrose, 3% (w/v) activated charcoal and 0.8% (w/v) agar
(pH 5.5) at (25 £2) “C in alternating photoperiod (12 h light / 12 h dark at 20 pmol'm *s ™) or in darkness for 140 d; All values are
means + standard error by 3 replicates of 150-300 seeds each; Treatments with different letters are significantly different (p <
0.05); A—E see Table 1.
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Fig. 3 Redundancy analysis ordination figure of 6 factors af-
fecting germination of Malaxis monophyllos seeds. Eigenval-
ues: axis 1 =0.301 (p = 0.01), axis 2 = 0.03; The first two axes
cumulatively accounted for 30.4% of the overall variation (p
< 0.01); Species (dashed line arrow) and environmental (solid
line arrow) correlations for the first two canonical axes were
0.556 and 0.335, respectively.
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Fig. 4 The range analysis on the germination in orthogonal design test. A, NAA; B, 6-BA; C, coconut milk; D, meshed banana; E,

meshed potato; K;, means on the according levels.
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