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Abstract

This study was engaged from April to November of 2009 in Chitou nursery, the
Experimental Forest, National Taiwan University. Shading and fertilization were applied to
create differences in light intensity and fertility to investigate insect herbivory in seedlings of
six hardwood species native in Taiwan, Cyclobalanopsis glauca var. glauca, Machilus
thunbergii, Michelia compressa, Liquidambar formosana, Sapindus mukorossii, and Zelkova
serrata. The percent of leaf area loss, major insect herbivores, and diameter and height
increment were checked at intervals. Leaves were sampled for the determination of N and
total phenols concentrations.

The percent of leaf area loss was greatest in Zelkova serrata, and Sapindus mukorossii
(17.8~51.0%), and much lower in the remaining four species (0.5~10.5%). Light intensity and
fertility had little effect on insect herbivory. Insect herbivory showed clear seasonal pattern
with higher level in spring and summer. The leaf shedding characteristic of some species
caused the false drop in the values of leaf area loss. High light intensity and fertility generally
resulted in greater growth. The foliar N concentration was higher in Sapindus mukorossii and
Zelkova serrata than in the other four species. The foliar concentration of total phenols was
higher in Liquidambar formosana and Zelkova serrata, and lower in Michelia compressa and
Sapindus mukorossii. Leaf area loss was in significantly positive correlation with foliar N
concentration.

Six species differ greatly in their physiological traits, which lead to variation in herbivory.
Soil fertility had significant effects on the foliar nutrient content, and may have profound
effects on herbivory in the long run. By contrast, light intensity had negligible effect on both
foliar chemical properties and herbivory. Still, we cannot rule out the possibility that the light
intensity was not reduced sufficiently to cause significant effects.

The insect herbivores were mostly species of Lepidoptera, which often occurred in small
numbers. By contrast, a few species of Homoptera caused great damage in the selected
species and required the active control and treatment.

Keywords: Insect herbivory, hardwood species, light intensity, nitrogen, nursery
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By B R LALeh o Zangerletal (2002) M E %3 ¥ kGO N EFFT O REFRESF
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Frds Bl Y M-tz (S FER M3 E 2 Leaf mass per area » #Frdy 2. 15 3% » #% 40°C 2 -4

Kjeldahl method i& {7 (Jones 2001) » fi= #f i* & #= 12 Folin-Ciocalteu method i& {7(Hodar and

Palo 1997)
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(7 5 % #cA 7 (Analysis of variance) s 1T HE 2 AJZRF & BtE 842 % ~ 305 B A -
Rz 22 L R AT HF > 2w F e 47(Regression analysis) » 475 & 2 & ~ F3ni F 42
Bt e AR R B2 B 0o TR 2B FORE L 0.050 A7 s34 47 12 JMP version 3.1.6.2 of

SAS Institute Inc. (1989-1996):& {7 o



ek FTE P G AR AT AP AT R Aok - > BB KRG HAHE kR ASE(E
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¥ E 22 § 4 & (Relative diameter and height increment) ~ ¥ $% § (Nitrogen) % % fi» #f (Total
phenols))k & ~ % & 1% * i& 5 (Net photosynthetic rate, Pp) ~ & + ¥ & #4f 4 5 (Maximum leaf
area loss, Max. LAL) > f§ ¥ » {75 % 4o

- O BRHEEE LB AYEF > B SR C ENF 2 APGERA REF S F

hAFIEA S S B P AAHAR iﬂ?ﬂféé B -
S RRBEJEEHE TR EINE 2 R AER 3BT P G -2 O
S R RJTHE T2 R AR CERFORACKETFYEFABAED FHERFLL -

T~ A6 BIER Y > ERE %@ﬂw@gﬁ_@;m EREFIRIFY o

- ~ 3 %3 A2 $9(ANOVA)E % (P>F)

Parameter R. diameter R. height N Total P, Max. LAL'
increment increment phenols

Species 0.0002 0.2222 <0.0001  <0.0001  <0.0001 <0.0001

Light 0.0353 0.9818 0.2449 0.1086 0.8880 0.1208

Fertilization 0.0002 0.0027 <0.0001 0.0213 0.0070 0.6162

Light x 0.3226 0.7093 0.1947 0.7202 0.6626 0.1205
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B wAES FELF)

HHfE 50%3 5 >k

%8 g 0 1/10 Full 0 1/10 Full
F b 3.8 4.7 1.6 1.7 2.4 33
g 0.5 0.5 1.9 5.1 5.8 2.3
& T 1.0 0.8 2.8 0.8 0.3 1.8
WA 1.3 10.5 1.2 2.5 4.6 2.7
2R 42.0 39.4 39.0 31.7 43.7 51.0
v AR 43.1 30.6 36.6 17.8 23.3 27.5

TfufiBf»a:g{_‘yyfgu‘}. FEGROP A o P 2P dliidpi - £9 La4 SRS B
(Maximum leafarealoss) - * - #cE 5 F AJIL T » 3 BEAF N THE o

EEERLE
2Z A0 BAET AP SR F 4 L BHEY U S EBOE £ EHEE K
50 ARSI R kP DERAITAN W AFPE LA R HANMAREN T 0 2w IR
E T KRB EFR]TEI 02 50 1/10 kT A m 5 0 2R T B TS R FTEE AL e
do b AR (R - ) HHEE RBAITHY AB A R HF 0 2 EJLE T4 £ P

L5 E B EITY B S o
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A W AEHEEE 3L E%)

HHE 50%:E fE >k

8 g 0 1/10 Full 0 1/10 Full

Relative diameter increment (%)jE

7RI 25.0 15.1 28.2 20.2 17.3 32.6
G 15.9 23.3 19.7 18.5 16.6 28.1
& T 17.6 15.3 30.2 10.9 14.5 27.2
WA 10.8 18.0 24.5 14.1 16.3 22.8
£ R 16.2 22.3 19.8 17.4 19.1 21.1
k- 16.6 16.8 25.1 55.1 28.6 45.0

Relative height increment (%)

yldhia 25.0 14.5 20.9 5.4 9.1 11.1
S 6.9 21.2 25.4 19.2 14.2 27.1
&< F 6.8 23.7 29.0 10.3 9.7 14.5
WA 4.3 4.4 5.0 5.2 4.8 45.0
£ R 4.6 8.3 16.5 8.3 4.7 33.9
k- 19.8 18.8 26.1 15.5 34.4 15.6

P a - g i AL b 3 BE4nTioE .
! Relative diameter increment (%) = 100 x (Diag-D1ia;)/Dia; ; Relative height increment (%) = 100
x (Hte- Ht))/Ht; » Dia; 2 Ht; A %] % % — =X £ (2009 & 4 * 25 p)ehy A2 &2 3 & ° Diar
% Htp s 2009 & 9 % 24 p £ Plehg A2 /5% B R o

g 2 4pkn

4o Faro ENG 2 ARNER AT L BB T S AR E N kR
o R AR A ESEIRRRRR B IIRIHENG 2 AR RRR AR
ERE o A w06 BAHE L L ASLEIG 2 B NER  ENFERNERLST 2 S8
PEE R EARER M A R SR SR AL TR .

Coley (1983):n s EF ENF EAF N2 L3 RF A 22 2 L4 > ML HER
FRIALE S EMRE a3 2L BFp EA ¥ {4553 7 a G - iy
6 BRHENENG 2 R ERTHGR(R- ) v#R? 2 F EINFERS ~ Lk

B mARMAARF > A SHROEIG 2 LRI EFRG o Tl AP ik
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o wAENG (%2 A sEmge kR

HHfE 50% 5 >k

KRR 0 1/10 Full 0 1/10 Full

N (%)
% W] & 1.34 1.28 1.40 1.10 1.24 1.30
g 1.11 1.33 1.51 1.22 1.29 1.54
AR 1.21 1.55 2.36 1.12 1.34 2.23
K 1.25 1.47 1.63 1.32 1.35 1.91
. 2.14 2.33 2.35 1.73 1.81 2.32
e AR 1.85 2.10 2.39 1.77 2.03 2.50
Total phenols (mg g)

% W] & 67.6 33.1 55.2 46.9 52.0 55.8
e 353 40.5 30.6 54.9 53.0 37.5
AR 30.2 15.2 15.8 52.5 34.6 24.5
K 143.6 131.9 128.5 136.0 139.4 132.8
# R+ 19.6 20.4 18.9 24.5 21.7 22.9
e AR 114.3 111.2 93.7 110.6 103.6 102.3

"S- B iR AIL ] 2 3 BEAFTaE o A 2009 97 26 P B o

160 -

140 -
® |ifo

120 A

® Zese
100

80 A

60 -

Total phenols (mg g™

o Cygl
40 A ® Math

o Mico
20 - ® Samu

1.2 14 1.6 1.8 2.0 2.2

Nitrogen (% dry weight)
Bl= 6 BAHEE N F kA2 BpaE R OM (50 A 5 B R A F 40 M (P>0.05) - & -
B5 90F RJZE EAF R A 0TI o Cygl: F KIH# > Lifo - 04 > Math : =45 > Mico © §
& % o Samu : & B3 0 Zese D o APHE o
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JEi 7 i % % Coley (1983)ch118 3%

Wz 5 E3F 2 APk RS o AL oM AR d P 7 R RER AL S
BENFEAR DARM o AETT P 6 BAHEM BA A B LT E SERESD
EFRRAG I EGHHFASIFF B e BT RA MY Eo 2 F MK o ApgE o
Eofiff 2 FEENRPRR TP ¥ o

-

40 ® Samu

Leaf area loss (%)

'10 T T T T 1
1.2 14 1.6 1.8 2.0 22
Nitrogen (% dry weight)
50
40 1 ® Samu

w
o
1

® Zese

Leaf area loss (%)
3

—

. Math P
MI‘CO e o Cygl Lifo

-
o
L

0 20 40 60 80 100 120 140 160

Total phenols (mg g™
@3‘6%ﬁﬁﬁ”i‘@%ﬁ%&ﬁ”*ﬁﬁ%mmwﬁ,ﬁaﬁﬁi$ EMFER
F £ BEE 1 4R BE(r=0.92 > P=0.0105) > & £_ ”wmw Pk R A ¥ AP M 1L(P>0.05) - &

- BEE T RILE EAF R AT ID0E o Cygl B > Lifo : 4 4 > Math : = 4p » Mico :
B oo Samu & B3 0 Zese: S AR
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AARDEAE RS R A A BEEE WA - FARp o AR S s b
Aol D BASUEFEY S 6 0 s RIS TG L AE P REEL D R Gk
A BFAF FH S SRR PR TR L R i bR A

iR 5 R AR PRI AT ARG SE BT A T LR ABE R BEA C o a

.

EA L ERREE R Ao o PR R A RN AR B Y E A LB

T4

R
xR

TH R R A B R SR A o BHE Y PR e S R A B
S(1246) > FHIE=Z2Bf) > v Fh Q) B3 AL LFRSERESEH -
P AR E D e S R B R 2 R (AT o BUSEERA R S Y T AWE 4

#(2000) 7% 4 % o

- ~ &2 p Homoptera
¥ 27 #1 Aphididae

R 1)

* # # Psyllidae

LR

= ~i2p Coleoptera
% # # 4 Curculionidae
A TR SR

& # + L Scarabacidae

S A F NI

= ~ @i p Lepidoptera
7 # § Y= Graphium doson postianus (Fruhstorfer, 1908)
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B i=f+ Papilionidae

Sh A BB SGom o 2 2 o Bl G hES m & AR
BB R AR e
-)

B P ORAE st R L B AR Y i e

PipE R R A PRI DB SRR AER L F R S H L
ERIER G TN BERFEEFRRL BAY I

/ﬁT%ﬁr % > gb] é{"“ﬁ/“ ° “‘gﬁ%]ﬁi‘/’] 4cm°(ﬁﬁ

L
_}4

Ry o
byid

=

F_*

F 854

¥ & Tiracola aureata (Holloway, 1989)
feisf Noctuidae
S BRE demo 4§ d o mREP ALK -
BB RS AR T - v Z S A R P D ERESAESRMAAES L
B oo B#rs BATE Seme (R Y 2)
SROH R LD A2 LR RE FRARHA 2R IREEAST A

o BEF S SBW

+

i ML AT G o B G ARG P i R

{4

Pipidik i EF b P& I o

4 k it Eutelia adulatricoides (Mell, 1943)
feisf Noctuidae

*h o BR3Semo fed AR L A > - BB FI AR BEE A NS4RS

e
“H T FENESA O F AT S Y R BB H Y 25cme (R 2)

$HAP PG RFTT Y TG o

Pipidik tEF b P& I o

Hypena sp.

feisf Noctuidae
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SRS FEES o FE LM L mE s B o AT o B &4 K Jom -

%@ al: »Frm“’mr/?ﬁ

2 *g 2 & Cleora fraterna (Moore, 1888)
@t Geometridae
SRR dem AP ERER  PEATTE SR IS - & 248 (LHED K)
misteY k-9 9ot BARMFINE AR F R Rk R e R E T AR
B o

BHUBHET > BEES[HEI PTG AR > F NP L Z Wt - FA 2
PARS[EINE - &G - FHhAE B o XX ARE4m e (R )
SR RS B AL F RIS i fp A RS LA

ipidik i HEF b P& I o

%% SR ¢ Alcis variegata (Moore)

4 Geometridae
F B Bom o SRR A A PRA SR > BIEPER N - L e spA TR
A s ARE
SEEE - ERC O U I G SR ) Seb2- R R AR Iy S S
H#b2 B 25cme (BRYT)
HAM I RERoBGAFTT P A RS ~ S

Pipidik tEF § P& I o

3% = ¥ Racotis boarmiaria (Guenee, 1857)

@At Geometridae

SR EEHASm AL R LB AR o AR Ed o PR R Rk e
gk g FINA Y L L E - Bopr o s RS IRk

MA T ARE B 0 Bilakd B B 6 S BHCT A AR o BEEH A K dem o (B Y
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HPRAP PG RFLI DL ST o AT T E LB Nl o B ARAES A X RS
(1990)% # %48 X Pl 4L A §+ (Litsea glauca) > -8t 25 T g0 8 4> e I
B AR B8 LR Ha(Litsea cubeba) 2 i 45

Pipidik i EF S P& I -

o A% & ¥ Fuproctis taiwana (Shiraki, 1913)

# #2444 Lymantriidae

*h o REHER2em A N 3emy KF P o R AFE AP Y iR .

HAH AT T G FER o P LB M AR T BRBAY
3cme (BB 5 )

BB EM IR PG AFEYT Y G o

Pipidik P EF § P& I o

Euproctis baibarana Matsumura, 1927

# #2444 Lymantriidae

SRR IS 7

%H R I L P ERI g H P RE R LY ey VTS F R
WG othd @2 o KX FHE H3cme (BT N)

HH AL IR P RFTT Y L BE

Pipidik tEF § P& I o

HE F B Calliteara grotei horishanella (Matsumura) 1927
# #2444 Lymantriidae

XP e UERAEG PRAR > BB 45cm f]EEE > A kG > Taei

e

¢ AIMPIE Ad ozt EP A RRARR AR > BIRAZE 6cm > R

vod o R A AR o
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BHIOBHIHEFT IR S F e L2507 R
D428 dem o (BB F 1)
R LIEY T RS PP IR

Pipidik P EF § P& I o

#zaa & Dasychira dudgeoni Swinhoe, 1907

# #4244 Lymantriidae

XH SRR PRAR > 2 BN 3-3.5cm o ] &P AR - k2

BB dem s JR A SR > maB AR o

SRR - B Emo

BHCEIHEEL S L AGI > F T FZAFTARI NI R (R

HHRAMIBGAFT Y DL

ipidik i HEF b P& I o

%% #F ¥ Somena scintillans (Walker, 1856)

# #4244 Lymantriidae

A CEABERETY25cme rpA BT 3em § 7 RF Fihd gEY o U BiE ¢

% 2L 2 s Soritia pulchella leptalinoides (Strand,1917)

s fl Zygaenidae

ARG A d R

£

B E
7~ ™

o A5 S

<

o

IEVFL

23

*F B 34om rpi B 2B R o MR R ahd o wmideY L g 34cq 4 gk

VPR R d o iR d PR d omah o

SRR A T’A«ggzru;&lf' RAzp By o F NP AL -

18
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Pipidik tE 7 S PIE I -

BB E T Orthaga olivacea (Warren, 1891)
bgis AL Pyralidae

Fh o ERYH25cm mie2ahd % kE o IR AL SRRt mies T (Seh
# &
SR IHIRS CHBSL SRR ERS - AR L) kB ISR SHET 2 A
“H A FRAREAMEA B AFT Y dltp o

ieiEk L f?ﬁ»? A ATITE S I 8 EH

Hi

bgis AL Pyralidae

B R A SRE RN RS ES R A Aa FEAY o - Bl SR N
B BE LAENE - FRSAR Y FIEE -

HHAP I BRAAFTY TR BRSO RAHAT N B - Mo -

s AT B AR E S P B E A

i f L Psychidae

AP ARG E IR EASRE D N S EETEL R R RBRMEET L o
BHEH IBEGAFETY OFRE S B SHE RAMAT R - R
- R e

Picdik BB F I EHE

19
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FIST

I

fu

=g

T8 S5 40T

A UE RS R DBEE

P BT H4(0.5~10.5%) °

SR B AARR G P RS

GO E R A

S4F 4 BB (17.8~51.0%) > H 4 4 B AT

KRR ME IS S S L BB EE o

gl - mNEL S

FRE o RE R IREL RS G P

gt e R TR LS SRREATE g R A S anm G T

mﬁ‘-q/ o

TR ERAREA e A AR Y REE

AR PN R N

R*%F'EK °

CHHER M E RS R SPEENG ERERG X

RS IS Y
CER RS FHERT Ok
PENF RAS LS

S AT 6 BRI A

FOOHTBAES I E M

LR R R A 2 o B RER S 0 &

LB AY BB 24 7 kR o

EREREDIPM

E AT

EAELE =L e I ES

BT SRR PRERLT R SRR
Ay N LR T
IR F MR ARAELPEY o 4 g

‘J-’}r %i}i E‘f”%;,fgsfuj—'}; ' s e £ Hp

i 8 1 48(Orthaga olivacea (Warren, 1891))» #t & %% fy € ¥ R e Sk Rie A=

SRR SRR

;Q’{ —'}’-;‘Z Eb%i*gd\m —L—}" I% lﬁ_"o
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=g

SR A SRR G

PR & F M AR S FF- £ o

A B MAERN T AHBE ST ARRS AN AR MR b2

Ry 4 l_?‘]:;. o

SRR R EIZA A SR o 4 FT A ik B RE o

<

i

SRR R MARP A AE

SIRBHEI G B B B LR

ARBFNGEE- > F LRl e FEF RN £ E_

A EFA ks FHREEE - DR RN PP EHERE EEL
fPF e EF o Y REAY

A FOH T4 FP I FREFERAIL ) by FIFRE 5 E B

ATT o F LG FENRES FEUFFALF 25
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Be * ~ ~ Euproctis baibarana
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k- 6 BATE Y A s 2 Fe SR e B
57 1-60. 2 EARHET T50% M I HE Ilﬁli@ﬁé&%&%?ﬁﬁf@%m 4R5E61-120 2 B AT THEEES pR T
i | S| (i (e | x| | as | (e (eeT | ek | | e | | o | (Bos ate | |Som| [ (meT| | A | | s | |k (ee | ek | | EE | | o | |Bos
RIIM||C||S||Z||F||C||S||Z]||F| R||M RIIM||CI||S||Z]||F S||Z]||F|IR||M
5 1-10 (ZTEHE) w3t 51-60 (EHEHT) 4R5761-70 (2HEAE) dmat 111-120 (HEHEAL)
o o o o o o
W | | aoh | (o) | (meT| | ek | [Son| (e |meT] | k| | EE || W | | o | (S| |Fe [meT| | Bk | |Bon] [ (s | mx | | EE | | b
FIIR[IM||C||S||Z||M||C|IS||Z]| F||IR FIIR[|IM||C||S||Z Cl|S||Z R
gt 11-20 (1/10]EHE) ot 41-50 (EHEAL) &t 71-80 (1/107EAE) dmat 101-110 (2TEAE)
o o o o o o
maT| | A || EE | | i | [Son| [ | EE | || |(Son] (e |esT] | ek T | A | | EE | | b | [Son) | | EE | | o | |Son] [ EsT] | e
S||Z||F|IR||IM||C||F||R|IM||C||S||Z S||Z||F||R||IM||C||F|IR||M||C||S||Z

dmat 21-30 (IEHEAE)

4R5E 31-40 (1/10)iHE)

4Re% 81-90 (fEHEAE)

4R5E 91-100 (1/10]iHM)

L L
TR [l R 20em AR & BE 2 fRIfE /520cm

L L
TR e Rs20em (Al BE 2 el Fs20em
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