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Research paper

Effects of Fertilization, Light Environment, and Seedling

Density on the Initial Growth of Casuarina equisetifolia

Chun-Yuan Huang,l’z) Han-Ching Hsieh,” Chaur-Tzuhn Chen,”
Jan-Chang Chen™*”

[ Summary ]

Coastal forests are located on sandy shores on the east coast of Taiwan, where they are often hit
by storm surges causing trees to die and producing gaps that impact the protective functions of the
forests. To offer a method of afforestation in areas of high risk of damage from storm surges in eastern
coastal areas and develop a practical silvicultural technique for the direct seeding for afforestation, this
study investigated the effects of fertilization, the light environment, and seedling density on the initial
growth of Casuarina equisetifolia. Seedlings were cultivated by the silvicultural regime of indentation
seeding with seed shelters fertilized with 3~5 g of controlled-release fertilizer. Results revealed that this
method was able to efficiently promote the initial growth of seedlings, which was sufficient for practi-
cal operations. The initial growth of seedlings was promoted by fertilizer, but no significant differences
were found between top-dressing and no top-dressing treatments for 1-yr-old seedlings. At 1 yr after
the experiment of thinning of 1-yr-old seedlings, in addition to the tree height, we found that saplings
exhibited a significant growth increment under thinning treatment with 2.5+0.0 cm in average basal
stem diameter (vs. 1.8 0.1 cm in the control), 161 2 cm in tree height (vs. 142 =4 cm in the control),
1192£2 cm in canopy diameter (vs. 91 £4 cm in the control), and 6°+0° in the angle of inclination of
the trunk (vs. 10°+1° in the control). The relative light intensity in the tube of the seed shelter required
over 40% which was vital for the initial growth of seedlings. Results of this study offer application of
practical operations for direct seeding of coastal forests, which can efficiently promote seedling growth,
morphological quality, and seedling establishment.

Key words: Casuarina equisetifolia, direct seeding, fertilization, relative light intensity.

Huang CY, Hsieh HC, Chen CT, Chen JC. 2020. Effects of fertilization, light environment,
and seedling density on the initial growth of Casuarina equisetifolia. Taiwan J For Sci
35(2):143-60.

i

il

AWt (Casuarina spp.) AP ~ H AR W R AR - Ry Ui AR B SE e
P b R RSP FERE S o FH S R Y o b e T EEM BA R R R R RIRE R -

PEEE » BUE B2 20 i S BT e nn B & BALMG T LIRS B AR L TR » Mo LERTR
il ET 2Bk 8 % 1Y 1 ¥ RE 8 E A= K (Chen et al. PR E RS - DUHE I R B K e OR 12 3
1998, Potgieter et al. 2014) - Z &5 5 Hh 5 K] 2%(Chen and Lu 1988, Ho et al. 2001, Wang et

BRELES - 189TH 5 HEAR B AME - KA al. 2008) - [AJt - ¥ FEMR T RE S8 AN 51 EL 1%



GIEFRSERIE 35(2): 143-60, 2020

AR FEVT IS S — AR SRR - B
TE AR B BETE N TR S M ERR R
RoCEE K H E S 0 B KRR By B R 1
B BRCHEDITE B (Putman and Zasada 1986,
Graber 1988, Wennstrom et al. 1999, Pétursson
and Sigurgeirsson 2005) o & A & b Ek
3t e v I S 4 AR R 3t HE 1T AR (4 nus
formosana) ~ KIEHFR(Deutzia pulchra) ~ AL
“lii(Boehmeria densiflora) s R ¥ (Zanthoxylum
ailanthoides) % Ef&HEE » HiRBUR EH A
f#(Hu et al. 2018, Chiu and Kuo 2020) » EiAE
BRI At T H M(Acer serrulatum) ~ 2
{818 (Zelkova serrata) ~ ZE Rt ~ 218 g
(Fraxinus formosana) it (Melia azedarach)
FHBEWEERE - FTEE AR
BRfeH @ & B /% (Tsai et al. 2015) » MAEHTTIE
FEME RS R (Cerbera manghas) ~ {81
(Terminalia catappa) ~ ¥ EEF(Calophyllum
inophyllum) ~ ¥t [ Z @G (Pittosporum
pentandrum) » DIEAE RN 2 FR28% Fy i
5 HERBITREY< 209% (Wang et al. 2019) » FHR
HEFBERBATER SRR Z R » (i — T
MEZ B ERENRET 2 -

MR ERHISETRRECHEERE
B b B S BRI (Martelletti et al. 2018) »
ST AT 19704 58 F W i v 22 1Y (B 8 T2 28 1B
B BEANEEE  WEE AT
BRI MIMEBERNZER R LEPEE
RARE - "R ETE T8 4 Y £ K (Dominy
and Wood 1986) » 1Mt iR RE(E HEEAME
YER R D 728 BUE R » 8 hn L 387Kk 43 (Heikkila
1977, Bergsten 1988) o &% FE A B 3 A Jiif et
(Casuarina equisetifolia)Z ELRGEM AL » /A
e 78 52 R i v i R AR BE T P T (A1 32 A4 T
FERBL KRR ~ mlE o MR - A
BT BRI R B JE S R TE T R A A R
F-(Lin et. 2009, Hata et al. 2010, Liu and Sheu
2014, Deng et al. 2015) - Huang et al. (2019)#E
FH 3 S RG ~ IRERS RO IR BT R 0 HEPREE
R AR TE T BRI R 71 g 2 B 2 KRR
19 s V) 7 B < 10% 2 SRR FLRR

145

A W) A R AT AR EE AR 28 B R 3B » Il il
N LR S P B A S /N st A R R 0 BT
A A2 10 em¥PE[Ml (indentations) » [FIREHAM]
1 P9 i B (R 3 (seed shelters) » S 7EL)
ARV - SR - REE I E R R
L2 SR (81 %) BEE R B RAH (0% ) » #]
R 25 R OREE M B R B o Rt -
YITRETE BRI AR - DI 77 kT
BB -

RAEE MM E R B W R MUERE I B R
MEEANE » (REEBER A2 INEE
FFEERT  THYIAETE 52 LIS REEARTSE R i ey -
YRR R R i B H I A R B B (Clark and
Clark 1984, Sun et al. 2012) » | EL &Mt ESh
WIS R 5 - R E RS B R G i
TR L o iR (sowing spots) DU % B T-HY
SR - BERREEG B R B AL R - DURIFE
o ERYH - EREEE R SIS B
YIE A R RIEE 27 R e R e T i 2 AR
W GHAEER  LEEE S AMCEE
N S R HA AR R AR T - (F e LS s B
HEER BUEBEM AR RS AR R B & - thit
—HHE A HEREENREE L EAR
HEHRMBENEEIEE - EREEMERE
KM BB EYH ARG E e TR
RYEREERE o K0 » AR EZEE R R (DR ER
E A AR EEARR S S R RO E s QF
flifI#5 (thinning) KB AT (top-dressing) ¥ 1 £ AE AR
EREAREERRIPE I QBRI ERE
EMEREEE B A R  ATFSEANEE
FhE LR IR - MRS ORI S
REEERBE AL R g B T BRVHAGERY
HERGEE M E R e R E S - (FRSR
EERGE R B RS2 -

M ¥ 75 A

— ~ B R ER B

SRR T 35 (46 121°00735.6" ; Jbfg22°
36°30.8") 7 A 5% HRA R LR AL 3 o o2 7 Ja f
LRk o MM o RO RS £ o DK



146 HRTTE ML ERR AR E S ABEEAR = ER 2%

BEA R By B S AR - (HAS 2 R R (5
B L EMAIE B A FLIR - RIS ARSI
B A KR LA 92 0o 2014~20 1 84F 2 RRE Kt
HUR B EST SRR R24.2°C - Il
TH » ¥933.6°C - EIRIE2A 0 ¥916.2°C
GEEEMEHRIET8% - LIS HRYEIMHEHRIE
81%ixrm * 12H75% AR 3 RN & By
1925 mm » ¥ ZERERYZRE A 75 RE B 6 57 i it

= AR B

201647 12 H R ERHUOA iR DL 2K
1.2 kmZ RFREEBTEM - SRR Y 2R
< 10% Z HEMRAALBR Ryl i (Fig. 1) » S{E@ SN
WSS mpE B T S R (PU AR SE ) - BB ks
TR ARIEZEAR S - 72016510 HIEE R
T 7 g 3t W AR B B SR M SR AR - BB B
-3 W NI g e o A A PG
T RRT 0 SEME - BB I00KME T - B
K—iH - ETREFRRS1% (RF7EREL
AR E SRR %) o HEHME
AbR IR AR R > IR = R 10 m > G

Taimali

Taiwan

Study site

Hifi1490 m* (Fig. 2A) - FRAEM T 2B R
(randomized complete block design; RCBD) »
WERAR LR EMEE (1 X 14 m) - BEZ
FIAHRE L m - EEEA 6L - HETT0 GBI »
135 7k gFot e - i AR
RGBT T2 152180°K » N-P-K = 14-11-13 »
Hi-Control®, Shizuoka, Japan; ZARWFF24E 2%
T BRI Bk AR A g Ik - e IE 8 25 3%
AR EAEYI I E) - BRE R4 X5 mo R
EEEIRE L m o BRE 3048 (5 X 6)fE Bl (sowing
spots) » FRAEEEFHIEE Ky 1 X 1 m » &7 7 =
RAEE M E 1R ik (Fig. 3) » 2016512 fihy
T - B 1 TR B R S B A R 1 e fR
A&7 (Table 1) - HORFEE A/ M8 4% -
201742 H BRI E AR - ABRE20164E12H
FE20184F2H 1k -

[1]

v VA RTINS GE LA

201842 F A [A] it I & o L o 5k 1 A0
1T VR A WOR I BB TR S - S I T By
 Him B SRS T R (Fig. 1) S&
5276 m’ (Fig. 2B) - AGRERH FIIE & H0RES

Fig. 1. Study site in the coastal forest of Taimali, Taitung, Taiwan. The solid line indicates
the area of the fertilization experiment in December 2016, and the dotted line indicates the
area of the thinning and top-dressing experiment in February 2018.
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Fig. 2. Illustration of the experimental design in December 2016 and February 2018.
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Table 1. Two kinds of seed shelters used in the direct-seeding experiment

Type Shape Size (cm) Property
16 cm height A paper tube was made of a paper cup, the bottom
6 cm top diameter of which was removed. The interior of the tube had
Paper tube Cone . s
9 cm bottom diameter a plastic lining layer made of polyethylene. The
0.04 cm thickness clative light intensity in the tube was 45 +3%.
16 cm height A bamboo tube was made of Bambusa vulgaris and

5~7 cm diameter
0.5~1 cm thickness

Bamboo tube  Cylindrical

opened at both ends. The relative light intensity in
the tube was 21 £4%.

(Paper tube)

10 cm

(XYY Y Y]
(Seeds)

Ground

} +—— covered with s0il 0.5~1Tem —— {

A
1
: 6cm
1
v
A
(Bamboo tube) :
l
: 10 cm
|
1
v
(XXX X J
(Seeds)

Fig. 3. This study used the method of indentation seeding with seed shelters by making an
indentation ca. 10 cm deep in the ground. Fifty seeds were sown which were covered with
about 0.5~1 cm of soil. A seed shelter was placed in the indentation. The gap of the outside of
the seed shelter was backfilled with soil that was level with the ground (Huang et al. 2019).

{REEEE N Z M EHEE (relative light intensity)
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emergence percentage = A/CX100%) -~ %)
HfE G (seedling survival percentage=B/
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Fig. 4. Responses of seedling emergence, survival, and establishment of Casuarina equisetifolia at 2,
7, and 14 mo old among different fertilization treatments. Variations among treatments were not

significant at the 0.05 level. Vertical bars represent the standard error of the mean (n

=3).
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Fig. 5. Responses of the main effects of different fertilization treatments on the mean seedling
height of Casuarina equisetifolia at 7 and 14 mo old. Vertical bars with different letters (a, b, and
¢) indicate significant differences at the 0.05 level among treatments at the same seedling age.
Vertical bars represent the standard error of the mean (n = 3).
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Fig. 6. Mean seedling height of Casuarina equisetifolia at 7 (A) and 14 mo old (B) and the different

amounts of fertilizer by a curvilinear regression.
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Table 2. Growth performance of Casuarina equisetifolia seedlings at 15, 21, and 28 mo old
in the thinning and top-dressing experiment (mean *standard error, n = 8)

Seedling Basal stem Height Canopy No. of
Treatment . .
age (mo) age (mo) (cm) diameter (cm) seedlings
Unthinned 0.8£0.0 76+3 45+2 70
15 Thinned 0.9£0.0 78+4 53+3 1£0
Unfertilized 0.9£0.0 79+3 513 4+1
Fertilized 0.9£0.0 75+4 4713 4+1
Unthinned 2.0%£0.0 187x4 129£3 6+0
21 Thinned 24+0.1 2106 158+4 1£0
Unfertilized 2.2+0.1 201£7 142£7 4+1
Fertilized 2.2+0.1 1967 145+6 4+1
Unthinned 2.7+0.0 218+4 1363 6+0
28 Thinned 3.4+0.0 239+5 1722 1+0
Unfertilized 3.0+0.2 2306 152438 4+1
Fertilized 3.0£0.1 227+6 156+7 4+1

Table 3. Significance of the main effects and their interactions on seedling survival and the
net growth of Casuarina equisetifolia at 21 and 28 mo old in the thinning and top-dressing
experiment. Analyses were performed using general linear models. Values with p < 0.05 are

in bold
Seedling Main effects and Survival Basal stem diameter Height Canopy diameter
age (mo) interaction terms" Fi; P Fi, p Fis P Fi, P
Thinning (T) 1.000 0.391 75.000  0.003 12.502 0.038 18.615 0.023
21 Top-dressing (T-d) 1.000 0.391 6.000  0.092 0.088 0.786 3.888 0.143
TXTd 1.000 0.391 3.000  0.182 0.101 0.771 1.117 0.368
Thinning (T) 3.000 0.182 89.286  0.003 5.890  0.094 34.256 0.010
28 Top-dressing (T-d) 0.000 1.000 2.667  0.201 0.052 0.835 4.866 0.115
RXT-d 0.000 1.000 0.333  0.604 0.018 0.901 1.798 0.272

" Main effects: thinning (thinned or unthinned) and top-dressing (fertilized or unfertilized).
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