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phenotypic and physiological traits, resulting in various resistance abilities to herbivores and pathogens among hybrids.
Compared to their parents, hybrids exhibit lower resistance, higher resistance, or intermediate resistance. Qualitative or
quantitative changes in primary and secondary compounds in hybrids are important factors affecting their herbivore
resistance. Hybrid breeding technology has been widely applied in the Fucalyptus industry, and achieved remarkable
success worldwide in recent years. As Fucalyptus hybrids vary in their ability to resist herbivores, they provide an ideal
system to investigate the mechanisms underlying herbivore resistance in hybrids. To elucidate the herbivore resistance
variance mechanisms, two FEucalyptus hybrids, DH201-2 ( E. grandis x E. tereticornis) and G9 ( E. grandis=X E.
urophylla) , and an important Eucalyptus pest, Leptocybe invasa, were chosen for study. The resistance of DH201-2, G9,
and their pure parental species (E. grandis and E. urophylla, E. grandis and E. tereticornis, respectively) against L. invasa
were compared. In parallel, comprehensive measurements were taken to assess differences in leaf traits, (leaf thickness,
water content, and specific leaf area), primary compounds ( C, N, soluble sugar, and soluble protein) , and secondary
compounds ( total phenolics and condensed tannins) among the two hybrids and their parental species:-The results showed
that gall number on DH201-2 was significantly more than on its two paternal species ~while gall’ number on G9 was
significantly less than on its two parental species. Leaf thickness of DH201-2 and G9 were similar'to E. grandis, but their
leaves were thinner than those of the other parental species. Leaf water content in/DH201-2 was<significantly higher than
that in E. tereticornis but similar to that in E. grandis, whereas G9 contained significantly lower water content than its two
parental species. Similarly, both the specific leaf area of DH201-2 and~G9 were significantly larger than their parental
species. Considering the primary compounds, DH201-2 contained significantly more soluble sugar and soluble protein than
its parental species, and more N than E. tereticornis. Although the ¢ontent\of soluble protein was significantly higher in G9,
soluble sugar and N content were similar and lower than those/in its two parental species, respectively. Both total phenolics
and condensed tannins in DH201- 2 were significantly lower. than those in its parental species; however, they were
significantly higher in G9 than in its two parental species. Therefore, we conclude that compared with the respective parental
species, DH201-2 is more susceptible and G9 is. more resistant to L. invasa. Different expressions of nutritional substances
that are closely related to the development of L. invasa (i.e., water content, soluble sugar, and N content) , and secondary
defensive substances such as total phenolics. and condensed tannins in Eucalyptus hybrids, together generate variable
resistance abilities to L. invasa. In the context of the wide development of Eucalyptus hybrid breeding and the gradual
increase in Eucalyptus pests over. the years, more research focusing on the resistance variance mechanisms underlying
Eucalyptus hybrids is required. These studies could provide valuable scientific guidance not only for screening herbivore-

resistant hybrids through crossbreeding but also for the sustainable development of future Eucalyptus plantations.

Key Words: hybrid breeding; Eucalyptus; Leptocybe invasa; herbivore resistance; primary compounds; secondary

compounds
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Fig.1 Comparisons of the mean gall numbers per branch among hybrids DH201-2, G9 and their two parental species
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parental species

BUE RS BIE AR MER (n=200) , RlEFRFOR 2 E HCERSURTE P<0.05 K225 B#

T N BI(22%) A H9(21.7%) S B (22.4% ) B B E e i T R B AR SCr, 4258 Ff DH201-2 43K
P OB 3 R T HOUOCEAS  J& TS Bl (S L) (F 1A) 5 iR B BB /NN REAE GO Ly A= Ut
XGEABIA FL BT RESE58 |J8 T 2SSt (R B) (1) o LIMEWFFE i A B, AHXE TR alidh il 2%, AR - R
B G R R 5 R, 1994 4, Dungey 55 N R IR SRR 24 A8 R b B R R MU AR Bl B
R TEUEATD SRR Ak Al S e S o it 2R [R] X R A ASOIBL A /N e ) 0P 2 SR AR K, 2R IR AE & A5 g
e AU R e B B A T 0 DRI, 3 gk A s R R B R R A B N W 5 B A R R R
HA =,

A SO 2 (R ) A 2 P 1 Al B S P 22— 2% S8 B A 0 Ok 2B AR ) B & A o A Y R
7 Orians &XF 31 58 SCFE 6 K21 80 FhZFPR A= b A5 I HEA T HUBE R R 60% 2 Fh 28 /A — Fh ik B AR
TR R, 40902 Fi e A T 5 — RGO A AR o A= B AR R A R 2 A A SR AR 2 s R e
A S TR A . Dungey 55 382 [ 5 Il 8 A 2% B 30 Bl R sh W 7R KA 2 58 B E. amygdalina x
E.risdonii B ZFEE RN F, >F, > AP Dungey 1 Pouts'? & I ¥ % ( Gonipterus scutellatus ) {E E.
amygdalina x E. risdonii F A8 F R O I 258 THORA (HTE F 5 F AR NIBA B2 25 8
ZRAF R P SR O T AR S R T AR AR B A K B R I 2 AR AR b T R A AR B A R
S | {EATRSET DH201-2 0 H P15 (48 ot 58 9 T L0 A AR B (11 5) T GO By
BT R R S T HRCEA FARRUR R (18] 5) o A SRAeE 50 1 R SR S AR v 8
il BT R A U AR A P B e T B AR, DR, AR AR B AR A s R MR AR R R A
P /NI R BT SR 5

R T R B 0 AR A B AN AT I | AT A 1 T R IR S R R M Y AR Y SR K A
P NI IR R R & F 2 AFSEA N AR 15 FRARBUAR B AL i — R B AR AR Serp ) 2

http ; //www.ecologica.cn



18 4 ZEIRBL A A 2R SO R A B/ NS (T P S 3B 6163

A b B b b
3 - b 3 -
= T
X a
~ - - a
z 2 2 I
]
s
& 1 1r
0 0
b
st € = f P b
s 20 r a
a T
% 20 | a a
ORI . =
-
§ 10
10 +
5
0
Bt DH201-2 AR Bt G9 |=RA
Eucalyptus grandis Eucalyptus tereticornis Eucalyptus grandis FEucalyptus urophylla

B4 #RIZ3H DH201-2.G9 SEIGRAMMH A NEER C/N LLERE
Fig.4 Comparisons of the nitrogen content and the C/N ratio in leaves among hybrids DH201-2, G9 and their two parental species
BN EEARER (n=200) , R F TR ML BB RAE P<0.05 K ¥ 2R BE

S DH201-2 it A il PR A Al P s R b 3 S SR A A (1 3) N S S T A% 5 15
FEAETARMRUK (18 4) 510 GO Wl ik 2 F et B T HOUCRA T (18] 3) , T Pl 5 0 G = 2 5%
(K 3) N &R BT HICEARR (K 4)C/N 2505 T HIGEARR (K 4) . i, 5 R L FHY
ARG ) A= A AT P A PR N B S C/N HEPE 2438 S AR A 3 i 0 2 52 T e S8 Pl s 1
AR EENER T DH201-2 M RS SR S & M BB /N aF AR R, (A R R P i, £
FRAE A M) I3 R 5 B A A 5 5 i 5 0 R R B/ NI O B A O, TR ISR AR 2
Xt RGP AS AL/ N A A e R ASOR , B DU R B R DTSR PR SR 58 PRI, 5 3R W 515 U A B A ) S e S
TR 3 5 AN T PR P S/ N B A i

I RFAE A SR RE T R B i 2 R A SRR AL R A A B R OB R B A
Gy IR ROGIIE IR IR IR 25 B L W AEN R R i L AR R MK
o SR i P AR DG . SR BE I AR R U I R IR L S ORI AR LA 2L R A A BB B | A R R/
ZRUARGHTIERSE . A SO DH201-2 F1 GO M J8 B 2 5 R AR 2 — R AR, 1M 25 9 T 53 — A SR A 4fl it
PR MRE (12) . AUAGIE , DH201-2 AT GO A M T AR 8 28 o T HOOUCRAS A (181 2) |, il i A JRE I e
FO AT TR AN 2 5 MDA PR ol A A A B NG A8 A A S BRE R 28 L) EE i T RR R/ IN B4 SO 1 Iy AR
JCIRAGRE 11 LA R AESEOE T 89 A FRARIPBE ST o A1, e i AR S e 1 B T B T A i T AROR S EE I T
PO, BTy et 4 i T AR LB, DR iy, b 1 25 BRI A DR R bt
IR He I AR B AR DGO R Ak A A A K G 3 ek B U B AR A RO R T sk AR i
SR RN e A A AE AR 22 T T AR S A /N e 2 A T K SRR X A R AL
AR 563 o 0 AN [ AR it 28 o A 28 ) R I A B 20 7K 3 5 X A R A B/ N e P B U L, AR
SOk UL AR 2R DH201-2 MR 7K R 35 8 T HOE A M 2 — A PR A R G MR S /K R R T 7
SEATI (I 2) , YA PR 5 7K S5 | A ABL I 11 P 25 S AL 2 582 MR R 24 S T o A A s A/ N e 0 2 S )

http ; //www.ecologica.cn



6164 G 37 4%
25 ¢
A b el b a
b T
20 t 7 T a T
o a 20 1 T
X
3
L2 15 -[
—_ ‘l. -
e g >
w2
=2 L
o 1.0 10|
S
[_1
0.5 0.5
0 0
L C 2.0
1.6 b . b D b
= T -|- T T a
£ 12} 15t a i
ol I
g =
o3
g2 08 | 1.0
<
=
3
]
04 0.5
0 0
Eif DH201-2  Zfinf4k FLfZ G9 i
Eucalyptus grandis Eucalyptus tereticornis Eucalyptus grandis Eucalyputs urophylla

Bl 5 #RZZH DH201-2.G9 5RAMM R 2B HEETERELRK
Fig.5 Comparisons of the concentrations of leaf total phenolics and condensed tannins among hybrids DH201- 2, G9 and their

parental species

BUEAR I AR UERE (n=200) , AR FRERZ B LS RTE P<0.05 KPR EFH

5% B sV R D it AR IR A B Al 2 S D 5 R PSR S AT G o MR U SZ A B i
JeFIq, SRR ALI G PRI AR A — RO RPN NI B BT A 2 i HUBEZ S B R Ay
CHITAT VA AR O B AR I A0 A A ) (IR R A 1A ) b R R e O ik
A5 A S (CAT) ALY (POD) A S ALEG (SOD) ARG, A RS I\ 25 7 A B
HRAE 7 3 R e P I, Fe LGRS s 3 b e X — R0 A A A A R R S i R )
UAFTEM R IE S . RMBARARES e BURR Rt AR P 40 5 5077 0 R SR DR T iy, 24 5415 70 o it AR A
IR BRILEE A B S it AR 52 S AR 1 O i ik SRR DL, G 2 LU R S R
HAARS 3 S i ZR AR R B/ N 5 21 I B S S AL, LA TR P W AR 25 SR Pk 2 S AL
4 Lt

A SO I PO 2 AR S S L ATR DH201-2 R A% GO 5 L AR ARG R A R N R M2 57
TEERBAT it R LFA ARPER T A PR B0 A& W R B & B 22 58 | AT 23 SRt ol
ARSI o 8 )y 22 SR 2 B LUARAE SRR, 5 HoR AR LE , DH201-2 B HUPESEIN, 1] GO Tty
PERRIN s 55 R OB/ N 2 7 8 DR OQ (38 I W R (A 5 7K % AT PR N 5 i ) e DR 7 A 00 o (s
W A £ 5T ) AR S SRR AL A B dat 2 S B T AR 2 SR R B RSB/ N DU . I, R A
/N G R A Y RO ™ 0 SR 7 M SR 7 B TR AR FRAT 7 5 X
PSSR PT PRI T, e 5 o DAt 3R SR oMl AT Rp 8 K AR IR 48 5

£ % ik ( References) :
[1] E&s, W, Ad¥ss, T304, SV R Uisge sy 2 Wit & 0t . MY R4, 2015, 16(5) : 933-939.

http ; //www.ecologica.cn



18 4] R A A AR SO R RSB A/ N34 B TR AL S 0 B 6165

[8]

[9]

[10]

[11]

[12]
[13]
[14]
[15]
[16]
[17]

[18]
[19]
[20]

[21]

[22]
(23]

[24]

[25]
[26]

[27]

[28]

[29]
[30]
[31
[32
[33

[34]

BEIC, kR, UK, TR, TEWASSHERITTLIERE. AL, 2004, 17(2) : 37-41.

HISOME. R TRER A T2 BB IY. ARRIRLEE, 2000, (1) : 34-39.

Wi, e I A A IS BRI T i S R R . IR R, 2001, 30(4) ; 183-185.

Dungey H S, Potts B M, Whitham T G, Li H F. Plant genetics affects arthropod community richness and composition: evidence from a synthetic
eucalypt hybrid population. Evolution, 2000, 54(6) : 1938-1946.

Fritz R S. Resistance of hybrid plants to herbivores: genes, environment, or both? Ecology, 1999, 80(2) : 382-391.

Cheng D D, Vrieling K, Klinkhamer P G L. The effect of hybridization on secondary metabolites and herbivore resistance: implications for. the
evolution of chemical diversity in plants. Phytochemistry Reviews, 2011, 10(1) . 107-117.

Orians C M. The effects of hybridization in plants on secondary chemistry: implications for the ecology and evolution of plant-herbivore interactions.
American Journal of Botany, 2000, 87(12) . 1749-1756.

Fritz R S, Moulia C, Newcombe G. Resistance of hybrid plants and animals to herbivores, pathogens, and parasites. Annual/Review of Ecology and
Systematics, 1999, 30 565-591.

Fritz R S, Nichols-Orians C M, Brunsfeld S J. Interspecific hybridization of plants and resistance to herbivores: hypotheses, genetics, and variable
responses in a diverse herbivore community. Oecologia, 1994, 97(1): 106-117.

EIRE, AR, A SRR, SRR, R, AN B N T ERY B Cryl Ac JE R FARSE A AR A B LT P . o [ 2
W, 2014, 30(28) ; 23-28.

SRICOHE, XD, KRBT e S E BTN, BRI, 2001, 17(3) : 53-57.

TR v A R R TS R B SR SR ESY, 2011, 24(4) : 50-54.

Potts B M, Dungey H S. Interspecific hybridization of Eucalyptus: key issues for breeders and geneticists. New Forests, 2004, 27(2) : 115-138.
XU AN RV ol X M AR B R A/ N A UM E IS D] ViR . IR, 2012.

ARG, MR BRI/ N AR T LI R F MR AL BT SE [ D] AN . ARERARAMK 2, 2013.

Wingfield M J, Slippers B, Hurley B P, Coutinho A, Wingfield B D, Roux J.\ Eucalypt pests and diseases: growing threats to plantation
productivity. Southern Forests: A Journal of Forest Science, 2008, 70(2): 139-144.

Mendel Z, Protasov A, Fisher N, Salle J L. Taxonomy and biology of Leptocybe invasa gen. & sp. n. ( Hymenoptera: Eulophidae) , an invasive gall
inducer on Eucalyptus. Australian Journal of Entomology, 2004, 43(2) . 101-113.

WA, AR, MR BN [ AP BUAR. TP EZR AR R, 2010, 29(1) : 22-25.

A MY B SR R R, Ut SRR TR, 2000.

MR, TLOUR, T, HoKkAe, RIS, % Sl e s I AWML BRI P T P a1 B T ik T IE. JR N R 24 . BRI,
2006, 22(2) : 82-85.

Makkar H P S. Quantification of tannins in tree and shrub foliage: a laboratory manual. Netherlands: Springer, 2003.

Whitham T G, Morrow P A, PottsB M. Plant hybrid zones as centers of biodiversity ; the herbivore community of two endemic Tasmanian eucalypts.
Oecologia, 1994, 97(4) . 481-490.

Thua P Q, Dellb B, Burgess T I. Susceptibility of 18 eucalypt species to the gall wasp Leptocybe invasa in the nursery and young plantations in
Vietnam. Science Asia, 2009, 35 113-117.

Nyeko P, Mutitw E K, Day R K. Eucalyptus infestation by Leptocybe invasa in Uganda. African Journal of Ecology, 2009, 47(3) : 299-307.
Nyeko P, Mutitu K E, Otieno B O, Ngae G N, Day R K. Variations in Leptocybe invasa ( Hymenoptera: Eulophidae) population intensity and
infestation on eucalyptus germplasms in Uganda and Kenya. International Journal of Pest Management, 2010, 56(2) : 137-144.

Dungey H S, Potts B M. Eucalypt hybrid susceptibility to Gonipterus scutellatus ( Coleoptera; Curculionidae). Austral Ecology, 2003, 28(1) .
70-74.

Eff, AR, 0k, i, RUME, RERIHE. MBI N 8 T X AR R A A RN Bl A 2 4, 2013, 21
(6): 521-528.

PREED], ArbeF, B, KRIFAL, TRELA, B, sRIRE, BRI, RV d R e BE R, B aAEd, 2005, 48(2) : 262-272.
EAE, GEHR, PhOCE). BRI S E R, K, 2001, 20(5) : 39-43.

SRR, BRRGRT, AR, RS, MRS SRR G R (SR1) . WALRHINE B 2441, 2006, 20(2) : 71-76.

BAREE, BRbeny , T H 7. AT A A i A5 59 R B O R, B IR SAAR, 2012, 20(3) ; 247-255.
WAate, sk, B, RN, PR, NE DR, S [R5 D R R SRR A A R S P Y OC R TRl R AR, 2004, 27(2)
5-7.

TR, TUCIL, BTEHE. ZRMHT LA AT IR A ST LR AT
(1):2-5.

L. 2R RO I R /N i T P P B 26 S5 . 2R MR, 1994,

http ; //www.ecologica.cn



6166 JAE = 378

[35]
[36]
[37]
[38]

[39]

[40]
[41]

[42]

[43]
[44]

[45]

Hassan A M J, Nawab K, Ali A. Response of specific leaf area (SLA) , leaf area index (LAI) and leaf area ratio (LAR) of maize ( Zea mays L.)
to plant density, rate and timing of nitrogen application. World Applied Sciences Journal, 2007, 2(3) : 235-243.

Krebs C, Gerber E, Matthies D, Schaffner U. Herbivore resistance of invasive Fallopia species and their hybrids. Oecologia, 2011, 167 (4) .
1041-1052.

XIEE, FOKaL, 248, Pl BEMALRS M i R F 5 iE g, AR, 2009, 18(4) : 1443-1448.

ARG RRSCH, BRIBSL, WATSE, PRTEEE. N RIR il 2R 5 AR BRI N T R R AT AR EBE 24T, 2012, 32(4) : 345-349.
PRILEE, Jrivetst, BRilizs, FR, BRISL. Mt B RS AE SR BOBIE NE R HEOC R, IIARR R4 BARRIAML, 2015, 46(2)
198-203.

Karban R, Baldwin I T. Induced Responses to Herbivory. Chicago: University of Chicago Press, 1997.

FMEE, WO, 2P ZEOCT, B Rl A A /)N 09 f S X AR I S IR | 4K 60 3R S R SE . TS AR R, 2010, 39(3) -
119-123.

R, WU, 2T, BIER), Zoum, AR, Ml AR e e X A BT S TR B UM R AR A
SREBLERR, 2010, 36(6) : 1-4.

B0, 20, HIRTE, EETR, IR, A MR BB N G T X MR AL A B BRI RUROIRRS: | 2012,°40(12) ; 7137-7139.
Hurley B P, Garnas J, Wingfield M J, Branco M, Richardson D M, Slippers B. Increasing numbers and.intercontinental spread of invasive insects
on eucalypts. Biological Invasions, 2016, 18(4) . 921-933.

Petro R, Madoffe S S, 1ddi S, Mugasha W A. Impact of Eucalyptus gall wasp, Leptocybe invasa infestation on growth and biomass production of
Eucalyptus grandis and E. saligna seedlings in Tanzania. International Journal of Pest Management, 2015, 61(3) : 220-227.

http ; //www.ecologica.cn





