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Dicotyledons  E5FEEREY)

Aizoaceae ?f[ Fﬁ |
Sesuvium portulacastrum (L.) L. & F
Trianthemum portulacastrum L. &l B
Amaranthaceae  [1%|
* Amaranthus spinosus L. [fj[§1
* Amaranthus viridisL. FFpL7
k Gomphrena celosioides Mart. {5 | 157
Apocynaceae T TTE|
Cerberamanghas L. 155
Compositae %]
* Ageratum houstonianum Mill. %2 TL%FK, A
Artemisia capillaris Thunb. ELI[@F;“';J
Bidens pilosa L. ’ﬁ?%ﬁ'l
* Bidenspilosa L. var. radiata Sch. - 1=}l &t
Gnaphalium purpureum L. EARE]
* Mikania micrantha H. B. K. [ {-£5 [#
* Parthenium hysterophorus L. &% 34
Casuarinaceae 71 Tﬁ'ﬁzﬁ[ﬂ
Casuarina equisetifolia #+ ’ﬁ'ﬁ?[l
Chenopodiaceae %ffifi[
Atriplex nummularia Lindl. ’F }ﬁi?{ﬁ%
Chenopodium acuminatum Willd. ssp. Virginatum (Thumb.) Kitamura &3 %,iéi
Combretaceae  {fli7|~"%]
Lumnitzera racemosa Willd. 8%
Terminalia catappa L. 187~
Convolvulaceae  HZ{“%|
% Cuscuta australis R. Brown #mi~"
Evolvulus alsinoides (L.)L. + %
Ipomoea stolonifera (Cyrill) J. F. Gmel. B3 =%
Ipomoea pes-caprae (L.) Sweet subsp. brasiliensis (L.) Oostst. [
Ehretiaceae  'BIFATE|
Messersschmidia argentea (L.) Johnston [ 17f<#
Goodeniaceae  Hi ?ﬁiﬁﬁ[ﬁ[
Scaevola sericea Vahl. & %Sﬁﬁ‘j
Lauraceae 18i%]
Cassytha filiformis L. = 5

Leguminosae  [i%|
Alysicarpus vaginalis (L.) DC. [l [
* Leucaena leucocephala (Lam.) é{if’ﬁ [
* Mimosa pudica L . 3= &
Pongamia pinnata (L.)Pierre ex Merr. "f‘:ﬁl Hy
* Sesbania cannabiana (Retz.) [ I%J
* S sesban (L.) Merr "% [ [%’J
Malvaceae  &HiZeE|
Hibiscustiliaceaus L. ?'ﬂﬂé
Thespesia populnea (L.) Solad. Ex Correa 7atth
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Dicotyledons €7 ZEMEY
Portulacaceae E@:‘r}fﬁj[
Portulaca oleracea L. F#ijlL
Verbenaceae  FLHTETE|
* Stachytarpheta jamaicensis (L.) ~#i#
* Lantana camara L. Fui"|
Vitex rotundifolia L. Y&1j%
Monocotyledons  Ff— T 1

Gramineae 7~ 1 &|
Arthraxon hispidus (Thunb.) Z1E|
* Cenchrus echinatus L. i';{%ﬁ‘
Chlorisbarbata Sw. = (=
Cynodon dactylon (L.) Pers. 7 £
Dactyloctenium aegyptium (L.) P. &&/T3"
Digitaria sanguianlis (L.) Scop. +| fo & f[
Eleusineindica (L.) Gaertn. - F7%i
* Panicum maximum Jacq. %
PanicumrepensL. #fji9%

Spinifex littoreus (Burm. f.) Merr. &%

R %
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Germination and Storage Behaviors of Seeds of
Aglaia formosana, Palaquium formosanum, Scaevola taccada,

and Terminalia catappa

Jeng-Chuann Yang' Shing-Rong Kuo®

[ Abstract] The germination characteristics of four native coastal forest species of
Taiwan were examined in this study. Meanwhile, the effects of the seed moisture
content (MC) and storage temperature on germination were investigated to determine
their seed storage behavior. The results showed that seeds of Aglaia formosana,
Palaquium formosanum, Scaevola taccada, and Terminalia catappa exhibited no deep
dormancy. In addition, the germination of A. formosana seeds mainly took place during
2~4 weeks under fluctuating temperatures of 30/20°C with 8 hours of light. Most of S.
taccada seeds germinated during 2~5 weeks, and few seeds might irregularly geminate
during 5~20 weeks. Seeds of T. catappa irregularly germinated during 5~12 weeks.

Germination of P. formosanum seeds under fluctuating temperatures of 35/25C was

better than that under 30/20°C, and the seeds irregularly germinated during 1~9 weeks.
Seeds of A. formosana and P. formosanum with large size were extremely intolerant of
desiccation and freezing temperatures. They completely lost their viability when the
MCs dropped to about 40% and 30%, respectively. Moreover, their viability completely

deteriorated at storage temperatures of < 4°C, and the longevities of the fresh seeds at

4°C wet storage were less than 60 days and 1 day, respectively. Thus, seeds of these two
species are tropical-recalcitrant seeds, and we recommend that the tropical-recalcitrant
seeds with no dormancy should be sown immediately instead of being stored after
depulping. In contrast, the seeds of S. taccada dried to 1.9~5.9% MCs and seeds of T.
catappa dehydrated to 4.2~6.0% MC:s still maintained their viability after 2-year storage
at -20 and 4 C. Based on their tolerance of desiccation and sub-zero temperatures, seeds
of S taccada and T. catappa are qualified as orthodox. We suggest that these two
orthodox seeds should be dehydrated to 3~7% MCs and then hermetically sealed before
storage at -20 C when seed storage are adopted for plant germplasm collection and

long-term preservation.
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[ Key words] Aglaia formosana, Palaquium formosanum, Scaevola taccada,

Terminalia catappa, seed storage behavior, orthodox, tropical

recalcitrant

! Associate Scientist, Division of Botanical Garden, Taiwan Forestry Research Institute, 53 Nanhai Rd.,
Taipei 10066, Taiwan. Corresponding author, e-mail: yjc@tfri.gov.tw
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FEI-" [k 7 Kl (seed storage behavior)fsk “foll” | 5% 5E " By LA s
PIS38E - T BLlEh o5 B rl’%’{fgj(orthodox)’—“?%'|%§'J(recalc1trant)nii%(Roberts, 1973) -
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recalcitrant) A « Jh ! P f% R P T OC IRl S ™
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Table 1. Information on collection dates and seed sources of the 5 seedlots of 4 tree

species used in this study

HI € FH FRE [ & IR AL TS
Vernacular name  Scientific name Collection date ~ Collection location  Latitude, longitude Elevation (m)
s Aglaia formosana Hay. 2006/8/5 1% }F’\. (Hengchuen) 21°58°N, 120°48’E 305
T Palaquium formosanum Hay. 2006/8/6 [j}F’\, (Hengchuen) 21°58°N, 120°48’E 280

£ i'ﬁj?l‘fﬁ(fj'flﬂ—“‘) Scaevola taccada (Gaertner) Roxb 2007/8/21 [’?‘, (Hengchuen) 21°67°N, 120°43’E 30
E‘li@ﬁﬁl(%‘m}ﬁ Scaevola taccada (Gaertner) Roxb 2007/9/5 {\ﬁmgl (Taimalee) 22°37°N, 121°00’E 15
i Terminalia catappa L. 2007/9/28 [¥ v (Hengchuen) 21°58’N, 120°48’E 290

Fe2 AP 5 FFES D H A TR

Table 2. Information on seed characteristics of the 5 seedlots of 4 tree species used in

this study

j g PR GEE) g

¥ & £ s TV A ! 5y Y] R pes

S éc[iel:s Dreltefn}lrirjigi(;l oﬁﬁgs Mmsture content Numbc;,r olftéfiirs /L Thousand-seed-weight

P (%, FW basis) (2)
’F‘,?ﬁ%ﬁ‘ﬁ?ﬁ A. formosana 1 seed x 4 replicates 522+1.1 1,288 + 40 523 +21
A P. formosanum 1 seed x 4 replicates 382+0.3 118+2 5,336 £ 161
A @Tﬁ](?)’}‘lﬁ:) S taccada 10 seeds x 4 replicates 11.6 £0.1 15,113 £332 389+ 1.4
£ ?@ﬁﬁ‘](%’}?ﬁk) S taccada 10 seeds x 4 replicates 12.7+0.2 16,488 + 160 36.8+ 1.4
181~ T. catappa 1 seed x 4 replicates 19.1+1.3 40 +£2 4,801 =108

Y Thousand-seed-weight was estimated at the moisture content shown.
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Table 3. Information on germination of fresh mature seeds of the 5 seedlots of 4 tree

species used in this study

i i Rl A A

SH SERTVALY SH
L gﬁ.ﬁ " RV T . gﬁﬁ J Germination of Mean germination time
. Determination of germination Germination
Species (seeds  replicates) iod (weeks) fresh mature seeds of fresh mature seeds
seeds x replicates period (weeks %) (MGT., days)
F’\,?ﬁdﬁﬁé A. formosana 45 x4 12 722+78 18.7+2.4
3|1 P. formosanum 30 x4 12 90.0+3.3 26.8+£3.5
ENSM(ET14) S taccada 25 x4 20 71.0+11.1 40.4+3.9
2 iﬁ?ﬁﬁ](ﬁﬂ?ﬁ S taccada 35x4 20 75.7+10.8 26.0+1.8
1871~ T. catappa 25 %3 16 86.7t1.9 61.2£5.5

(WY ARl - 350 Hi - 7 i ;'/%E.T%?a’“ﬁ?rj}ﬁ

TR Y VR SRR VR~ A BT R 2,

W 3T I S i S R R TR RSSO

§1357(2006) » [PRFTE BRI T RS S Ao Ve - {9

A VAR & SRS SR 30°C(8 LRI / 20°C (16 ) BB

AR (RS Y RS L 35°C(8 TR / 25°C (6 T
BBV e S -

(T )35 i E!
FFFE T TR IR B RN PR RRRE R A 4 BT e (SRR ST
PUREFE (T I o JhdRs R e IR AR -2 E(2006) -

-
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Table 4. Treatment and germination assay of wet storage of the 5 seedlots of 4 tree
species used in this study. The determinations and periods of germination were the same

as those shown in Table 3

E4TRR TR
1 PBIER sy
. Temperature .
Species R Wet storage duration

(C)

4,10 0.23,0.47,1,2,3,4,5,6,8, 10,12, 18, 24 (months
71718 A. formosana 15,20  0.47,1,2,3,4,5,6,8, 10,12, 18, 24 (months)

1,4 1,3,5,7, 14, 21, 28, 42 (days)
|1 P, formosanum 15 1,3,7, 14, 21, 28, 42, 56, 70 (days)

20 7, 14, 21, 28, 35, 42, 56, 70, 84, 98, 126 (days)
(ST S taccada 4 0,2, 4,6,8,10, 12, 15, 18, 24 (months)
ENE (51249 S taccada 4 0,1,2,3,4,5,6,8,10, 12, 15, 18, 24 (months)
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Table 5. Dry storage assays of the 5 seedlots of 4 tree species used in this study. The

determinations and periods of germination were the same as those shown in Table 3

¢ T B 1ok RIS (C) I (months)
Species MCs of dry storage (%, FW basis) Storage temperature  Dry storage duration

14.8+0.1, 20.740.6, 28.2+0.4,

39.8+1.7, 44.242.0, 52.2+1.1 - 0

'F' TEMET A formosana

15.343.3, 16.941.2, 19.242.2
i [ — s s il .
3! T P- formosanum | 32.62.3,38.240.3 0

1.9+0.2, 5.9+0.1, 8.7+0.1, 11.6+

EERR(ET1HE : ’ ’ -
ﬂILVF@( 27139 S taccada 0.1, 14.840.1 20,4, 15 0,3,6,9,12, 18, 24
2.4£0.1, 5.9+0.1, 8.6+0.1, 11.2+

BN : ’ ’ -

ﬂligﬁﬁ( 512419 S taccada 0.2, 14.840.3 20,4, 15 0,3,6,9,12, 18,24
-20,4 0,3,6,9,12, 18,24

7~ T. catappa 4.2+0.2, 6.0+0.1, 9.3+0.2 ’ T T e
i ap 15 0,6,12, 24
Il ~ #ESR AR

(T )FriEre =" g
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Fig. 1 Cumulative germination curves of fresh mature seeds of Palaquium formosanum

at fluctuating temperatures of 30/20 and 35/25°C
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Fig. 2 Cumulative germination curves of fresh mature seeds of the 2 seedlots of

Scaevola taccada
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Fig. 3  Effects of seed moisture content (%, on a fresh-weight basis) on the

germination percentage of seeds of Aglaia formosana and Palaquium formosanum.

Vertical bars represent standard error of the mean
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Fig. 4 Effects of 4 and 10°C storage with moist sphagnum for 0~90 days on the
germination percentage of Aglaia formosana seeds. The filled diamonds () represent

germination percentage of fresh mature seeds. Vertical bars represent standard error of
the mean

Cumulative germination (%)

T | | | | | |
0O 30 60 90 120 150 180
Duration of wet storage (days)

I 5 Flﬁiﬁﬁ%@ T ISTCWEEAS 0~150 F itV RAF SR S pligsl o HERATE T

15°C # EIFF fﬂ;’f%z%iﬁ IE ) E‘;Ej/; N Ejﬁéﬁj[:?[ B E“"Rfk il ALATE T R T
30/20°CAE R I B AR 7 S it

45 2010/10/7



7 ERREEEHEY FRAHEH B

Fig. 5 Cumulative germination curves of Aglaia formosana seeds at 15°C wet storage
for 0~150 days (o, 14 days; o, 30 days; /\, 60 days; \/, 90 days; A, 120 days; <, 150
days). Dotted lines (...... ) and solid lines ( ) represent cummulative germination
percentages in the dark at 15°C wet storage and at fluctuating temperatures of 30/20°C

with 8 hours of light after the periods of wet storage as indicated, respectively. The
filled diamonds (4p) represent cumulative germination percentages of fresh mature

seeds. Vertical bars represent standard error of the mean
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Cumulative germination (%)
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Fig. 6 Cumulative germination curves of Aglaia formosana seeds at 20°C wet storage

for 0~90 days (o, 14 days; 0, 30 days; /\, 60 days; \/, 90 days). Dotted lines (...... )
and solid lines ( ) represent cumulative germination percentages in the dark at 20°C
wet storage and at fluctuating temperatures of 30/20°C with 8 hours of light after the
periods of wet storage as indicated, respectively. The filled diamonds (4p) represent

cumulative germination percentages of fresh mature seeds. Vertical bars represent

standard error of the mean
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Fig. 7 Cumulative germination curves of Palaquium formosanum seeds at 15°C wet
storage for 0~70 days (o, 7 days; 0, 21 days; /\, 28 days; \/, 42 days; A, 56 days; O,
70 days). Dotted lines (...... ) and solid lines ( ) represent cumuiative germination
percentages in the dark at 15°C wet storage and at fluctuating temperatures of 35/25°C

with 8 hours of light after the periods of wet storage as indicated, respectively. The

filled diamonds (4p) represent cumulative germination percentages of fresh mature

seeds. Vertical bars represent standard error of the mean
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Fig. 8 Cumulative germination curves of Palaquium formosanum seeds at 20°C wet

Cumulative germination (%)
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storage for 0~70 days (o, 7 days; o, 21 days; /\, 28 days; \/, 42 days; A, 56 days; O,
70 days). Dotted lines (...... ) and solid lines ( ) represent cummtative germination
percentages in the dark at 20°C wet storage and at fluctuating temperatures of 35/25°C

with 8 hours of light after the periods of wet storage as indicated, respectively. The

filled diamonds (4p) represent cumulative germination percentages of fresh mature

seeds. Vertical bars represent standard error of the mean
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Fig. 9 Effects of 4°C stratification for 1~12 months on the germination percentage (00)

and mean germination time (o) of Scaevola taccada seeds. Filled circles (®) and squares

(ﬁ) represent the mean germination time and germination percentage of fresh mature
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Fig. 10 Effects of storage temperatures (-20, 4, and 15°C) and seed MC (moisture

content, on a fresh-weight basis) on the germination percentage of the seedlot 1 seeds
stored for up to 24 months. Survival of seeds with the 5 MC levels significantly differed
(p<0.0001), but no significant difference (p>0.05) was found if the 8.7, 11.6, and 14.8%
MC sub-seedlots were excluded from analysis for all temperatures. The initial

germination percentage of fresh mature seeds was 71.0 + 11.1% (€4). MCs of seeds: o,
1.9 £ 0.2%; 0, 5.9 + 0.1%; A\, 8.7 + 0.1%; \V/, 11.6 £ 0.1%; <>, 14.8 £ 0.1%. Vertical

bars represent the standard error of the mean
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Fig. 11 Effects of storage temperatures (-20, 4, and 15°C) and seed MC (moisture

content, on a fresh-weight basis) on the germination percentage of the seedlot 2 seeds
stored for up to 24 months. Survival of seeds with the 5 MC levels significantly differed
(p<0.0001), but no significant difference (p>0.05) was found if the 11.2 and 14.8% MC
sub-seedlots were excluded from analysis for all temperatures. The initial germination

percentage of fresh mature seeds was 75.7 = 10.8% (4). MCs of seeds: o, 2.4 + 0.1%;
0, 5.9+ 0.1%; /\, 8.6 £ 0.1%; \/, 11.2 + 0.2%; <, 14.8 + 0.3%. Vertical bars represent

the standard error of the mean
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Fig. 12 Effects of 1, 4 and 15°C storage with moist sphagnum for 0~6 months on the
germination percentage of Terminalia catappa seeds. The filled diamonds (4p) represent

germination percentage of fresh mature seeds. Vertical bars represent standard error of

the mean
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Fig. 14 Effects of storage temperatures (-20, 4, and 15°C) and seed MC (moisture

content, on a fresh-weight basis) on the germination percentage of Terminalia catappa
seeds stored for up to 24 months. Survival of seeds with the 3 MC levels significantly
differed (p<0.0001), but no significant difference (p>0.05) was found in seeds at -20
and 4°C storage while the 9.3% MC sub-scedlots were excluded from analysis. The
initial germination percentage of fresh mature seeds was 86.7 = 1.9% (4). MCs of
seeds: 0,4.2 +0.2%; 0, 6.0 £ 0.1%; A\, 9.3 £ 0.2%. Vertical bars represent the standard
error of the mean
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Bank of Beinan River, Taitung

Chyi-Rong Chiou ~ Shin-Der Lin ~ Yu-Ru Lin

[ Summary ] The Taitung city often suffers dust invasions incoming from Beinan River

as a result of seasonal wind and weather changes. The windbreak forests numbered
2519 and 2502 located near at the mouth of Beinan River are the most important dust
barriers the city. This research concentrates on the land usage changes for windbreak
forests 2519 and 2502, combined with the wind velocity and dust fall surrounding the
area to discuss the effects of wind reduction and dust collection for these forests.
According to research, the rate of land use changes for the forests between the years
2008 and 1988 was 55.75%. However, the area of the forests in 2008 only covers 11%
of the area in 1988; not only that, all the destruction and reconstruction during the 20
years have weakened the purpose of the forests. During the research, in order to
compare how different models affect the reduction of wind velocity, six different test
routes were designed using different wind reduction environments in order to conduct
the measurement of wind speed before and after it enter and leaves the forest. Overall,
the experiment above shows that the effective models all had more complete and
shielded forest structures, were multi-staged, and were approximately 7 meters tall. The
data collected through using wind velocity reduction models built to measure the area of
effect for decreasing wind velocity in the forests for each year will be evaluated
according to quantity. The amount of dust within the forest is approximately 3 to 4 times
the amount accumulated in the city—the amount of dust for the entire area can be
deducted from the quantitative measurements of the amount of dust collected in the
forest per month, which can then be used to calculate the effects of capturing dust. As
concluded from above, ways to calculate the wind velocity reduction and dust collection
in quantitative measurements from the windbreak forests numbered 2519 and 2502 are
already being worked on; the information collected can be used as an example for future
windbreak forests. Through actual measurements, observation, and calculation,
proposals for establishing more windbreak forests would be increasingly persuasive,

and further emphasize the benefits of creating them.
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