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Fig. 1. Cumulative germination percentage of Tetragonia tetragonoides fruits subjected to
scarification and running water soaking treatments.
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Table 1. Two-way ANOVA of the effects of scarification and running water soaking on the

germination percentage of Tetragonia tetragonoides fruits.

Source df SS MS F*
Scarification | 63.0010 63.0010 46.58%**
Running water soaking 3 18.2263 6.0754 4.49%*
Scarification X soaking 3 3.5670 1.1890 0.88"
Error 32 43.2801 1.3525
Total 39 128.0744
“ F-test of ANOVA, ns, non-significant; ** and ***, p <0.01 and 0.001, respectively.
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Fig. 2. Effects of (A) scarification and (B) running water soaking treatments on the
germination percentage of 7. tetragonoides fruits.
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Table 2. Two-way ANOVA of the effects of scarification and running water soaking treatments
on the mean germination time of 7. tetragonoides fruits.

Source df SS MS F*
Scarification 1 30.1370 30.1370 12.03%*
Running water soaking 3 11.7608 3.9203 1.57*
Scarification X soaking 3 62.0340 20.6780 8.26%**
Error 32 80.1490 2.5047

Total 39 184.0808

“ F-test of ANOVA, ns, non-significant; *, ** and ***,  p <0.05, p <0.01 and 0.001, respectively.
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Fig. 3. Effects of soaking duration on mean germination time of 7. tetragonoides fruits under
(A) non-scarified and (B) scarified treatments.
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Fig. 4. Effects of (A) 0, (B) 1, (C) 2, and (D) 3 days of running water soaking on the mean

N

germination time of non-scarified and scarified 7. tefragonoides fruits.
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Table 3. Two-way ANOVA of the effects of light quality and constant temperature treatments
on the germination percentage of 7. tetragonoides fruits.

Source df SS MS F*
Light quality 2 0.4115 0.2058 28.70%**
Constant temperature 4 1.5379 0.3845 53.64%**
Light quality x Constant temperature 8 0.0757 0.0095 1.32
Error 45 2.0251 0.0072

Total 59 2.3477

* F-test of ANOVA, *** p <0.001.
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Fig. 5. Effects of (A) light quality and (B) constant temperature treatments on the germination
percentage of 7. tetragonoides fruits.
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Table 4. Two-way ANOVA of the effects of light quality and alternating temperature treatments
on the germination percentage of 1. tetragonoides fruits.

Source df SS MS F*
Light quality 2 0.5107 0.2554 24 11%**
Alternating temperature 6 2.5980 0.4330 40.88%**
Light quality x Alternating temperature 12 0.2775 0.0231 2.18%
Error 63 0.6673 0.0106

Total 83 4.0536

“ F-test of ANOVA, * and ***, p <0.05 and 0.001, respectively.
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Fig. 6. Effects of different alternating temperature treatments on the germination percentage
of T. tetragonoides fruits under (A) dark, (B) red light, and (C) white light conditions.

2 e B Y BRSO o T SR AR > E H IRy 30°C YR R 3 (30/15°C
30/20°C }230/25°C)H » B EF R s FDE » HAORADY - SRR B s - (HH
HE30/25°C 2 R S 27 SR A = ORI IR B » TTE H e Ry 35° C Ay i e 2
(35/15°C ~ 35/20°C ~ 35/25°C [, 35/30°C)H » [135/30°C .2 H b Edh - HEpEHE
PAREFRLE.Z 327 3R i ([ 7) © B R R 30°CRYE G I B AN RINYE - BER H IR
35°CHYBHR R IR 7 5 RS R - (ARSI - SRS R R FRE
PEERCR - BRSO EENR AR AR - ESEA R R (30/15°C kK



30/20°C) | » FamHa¢
KHTA[ES0% DA Al

5 ~ TR ~ OUE Min R RN E A B 11

JSTEREY

>SN H

ACHE
m,HE{

BRI L RIGE BATHIE SR - 14 HRY2E%F
B BEAET% - MEEZE =8 (a0

35/30°C ¢ 35/25°C) 84 H i 2= LRt (2135/20°C Je 35/15°C) T H & T
i > AR P DA RIS - IRERDEEEDE - nIERGE SR -

90

Germination percentage (%)

0

90

Germination percentage (%)

0

90

Germination percentage (%)

0

90

Germination percentage (%)

0

80
70 A
60 A
50 A
40
30 A
20
10 4

80
70 A
60 A
50 A
40 4
30
20 A
10

80
70
60
50 A
40 A
30
20 A
10 A

80 A
70 A
60
50 A
40 4
30
20
10 4

1(A) 35/15°C ;\; 90 1 (E) 30/15°C
g 80 A a
25 1
S 60 | a a
g [ T
50 4
=]
.2 40
S
a S 30
b * be § 20 1
= @)
ﬁ 04
T T T 0 T T T
Darkness Red light ~ White light Darkness Red light ~ White light
1(B) 35/20°C 90 1 (F) 30/20°C
80
70 4 a
4 a a
60 T T T
50 4
a 40 4
g
a 30 A
b 20 4
ﬁ 10 A
T T T 0 T T T
Darkness Red light ~ White light Darkness Red light ~ White light
1(C) 35/25°C 90 1(G) 30/25°C
80
70
60
50
a
a 40 4 T
T a 30 1 ab
== 1
20
b b
’4—_‘ 10 ﬁ
" . . 0 . " "
Darkness Red light ~ White light Darkness Red light ~ White light
1 (D) 35/30°C Light treatment
ab a
. -
b
T
Darkness Red light ~ White light
Light treatment

[B7. (A)35/15°C - (B)35/20°C - (C)35/25°C ~ (D)35/30°C ~ (E)30/15°C ~ (F)30/20°C }*

(G)30/25°CE AR

RHE T - NRPDEEHE N E R R -

Fig. 7. Effects of different light qualities on the germination percentage of 7. tetragonoides
fruits under alternating temperature regimes of (A)35/15°C, (B)35/20°C, (C)
35/25°C, (D) 35/30°C, (E) 30/15°C, (F) 30/20°C, and (G) 30/25°C.
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Effects of Scarification, Running Water Soaking, Light
Quality, and Temperature Regimes on the Germination of
Tetragonia tetragonioides (Pallos) Kuntze

Ming-Tung Hsueh'

Abstract

Tetragonia tetragonoides (Pallos) Kuntze produces nut-like fruits that impose
physical dormancy by restricting water uptake. Since 7. tetragonoides mainly grows
in coastal areas and its seedlings germinate in autumn and winter, it is speculated
that light and temperature may also affect its germination. To improve germination
efficiency, we investigated the effects of scarification, running water soaking, light
quality, and temperature (constant and alternating temperatures) on 7. tetragonoides
fruits. The result showed that the mechanical scarification significantly enhanced
germination, increasing the germination rate from 19.7% to 46.8%. Hydropriming
under continuous running water for up to three days further improved germination,
with a maximum of 40.7% after 3 days of soaking, significantly higher than the 21%
of the non-soaked group. Germination was positively influenced by white or red
light exposure, yielding rates of 25.2%—-28.9%, compared to 13.9% in darkness,
indicating positive photoblastism. Constant temperature experiments revealed the
highest germination rate between 20°C and 25°C, with both supra- and sub-
temperatures suppressing germination. Alternating temperature regimes of 30/15°C
and 30/20°C (day/night) produced the highest germination rates (>50%), reaching
up to 70.3% under white light. In contrast, alternating regimes with daytime
temperatures of 35°C (35/15°C, 35/20°C, 35/25°C, 35/30°C) markedly inhibited
germination, although the inhibitory effects were partially mitigated by
supplemental red or white light. These results suggest that physical dormancy in T.
tetragonoides can be effectively overcome through a combination of scarification, a
2-day running water soak, and germination under a 12-h photoperiod at 30/15°C.

Keywords: Tetragonia tetragonioides, Seed scarification, Running water soaking, Light
quality, Temperature regimes
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