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Physiological responses of Eucalyptus trees to infestation of Leptocybe invasa

Fisher & La Salle
WU Yaojun''*, CHANG Mingshan', SHENG Shuang’, ZOU Dongxia', JIANG Xuejian' , HUANG Huayan'

1 Guangxi Zhuang Autonomous Region Forestry Research Institute, Key Laboratory of Central South Fast-growing Timber Cultivation of Forestry Ministry of
China , Guangxi Key Laboratory of Superior Timber Trees Resource Cultivation, Nanning 530002, China
2 College of Forestry, Guangxi University, Nanning 530004, China

Abstract: The gall wasp Leptocybe invasa Fisher & La Salle is a significant pest to eucalyptus. The physiological responses
of eucalyptus clones (DH201-2 and GL-UG9) infested by L. invasa were investigated using artificial inoculation at different
wasp densities, microtome sectioning, microscopic observation, and chemical analysis. The results indicated that the stem
and petiole cross-sections of DH201-2 and GL-UG9 had similar structures that were typical of dicotyledonous plants. The
tissues were clearly divided into an outer epidermis, cortex, vascular bundles, and medullary structure, However, the

petiole epidermal cells of DH201-2 had significantly more oil capsules than GL-UG9 (P =0.00209), and the DH201-2
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petiole cutin layer was thicker than that of GL-UG9 (P= 0.00001). However the petiole epidermal cells of GL-UG9 were
significantly thicker than those of DH201-2 (P =0.015215), and GL-UG9 had significantly more vascular bundles than
DH201-2 (P=0.002375). In addition, in DH201-2, the stem cortex parenchyma cells were thicker ( P=0.04071) , the
oil capsule diameter was greater ( P=000016), and there were more vascular bundles (P =0.00000) than in GL-UG9,
while in GL-UG9, the stem corneous layer was thicker (P=0.00167) and there were more epidermal cells ( P=0.00000)
than in DH201-2. Each gall contained about 10 insect larvae. The anatomical structure of the gall tissue, from inside to
outside, was: nutritive tissue, thin/sclerenchyma layer, vascular bundle layer, cortex, epidermis. When the adult wasps
were not dense, they formed small galls only in petioles, while leaves occasionally had calluses. As adult wasp density
increased , females laid eggs in the veins of stems to form stem-petiole-vein galls. Early in gall formation, the larvae had not
hatched, but the plant tissue organization had begun to differentiate, the normal vascular structure had been destroyed, and
the vascular bundle layer structure had deformed. As the eggs hatched into larvae, a cortex vascular bundle formed outside
the approximately spherical internal space. Further structural analysis of the L. invasa gall structure indicated that the gall
was divided into several distinct layers that could be roughly classified, from inside to outside, into: nutrition organization
layer (21.84+0.42) wm, parenchyma layer (13.34+0.19) pm, sclerenchyma layer (18.68 1. 13) pm, vascular
bundle layer, cortex, and epidermis. The development of the gall destroyed the original plant internal organization, forming
many internal chambers for larvae. Each internal chamber had a radius of about (211.61+5.12) wm. The center of the
gall was different from the eucalyptus oil capsule structure. In the middle of the thin/sclerenchyma layer was a crystal layer
approximately 7.92 pmX 4.92 um in size; the crystals were disorganized and colorless. The average length of a mature gall
was (16.10+8.81) mm its average diameter was (3.05+1.73) mm. After inoculation with L. invasa, the total sugar,
soluble free amino acid, and chlorophyll contents of the eucalyptus leaves increased significantly ( P<0.01), but the pH
and protein, flavonoid, and total phenol contents increased only slightly ( P>0.05). Moreover, the indole acetic acid
oxidase, peroxide, and hydrogen peroxide enzyme activities increased at different rates. In conclusion, a series of
physiological and biochemical changes in eucalyptus were induced by L. invasa galls. This study provided a theoretical

basis to establish an improved breeding system for eucalyptus to minimize gall wasp damage.

Key Words: Eucalypius; Leptocybe invasa; Gall; Anatomic characteristics; Physiological indices
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Fig.1 The normal petiole and stem structure of DH201-2
a. A petiole;b. 25 stem; 1. £ ;2. )2 ;3. ARBTHR 4. ¥ ;5. e ;6. MITZ;7. BEATLL ;8. B

E2 IE¥E GL-UGY it RMARMZELN
Fig.2 The normal petiole and stem structure of GL-UG9
a M b, 25,1, 522, 23, RIS 4. BR85S, a6, BESIL,7. 46

PSR TCPE R AR ZEHG LU A L3R 1, DH201-2 £ 52 )8 B0 GL-UGY /9 1.59 £, 25 5 ik 5 Tk i
K (P=0.00001<0.01) ,JHAEE B CL-UGY £, H 2 F ik Bk i E /K F (P =0.00209<0.01) , 1fi GL-
UGY 12 Kz 41 ff J52 3 38 DH201- 2 J&8, 22 S iR 81 B & /K- (P =0. 015215<0.05) , S R Mk B & £ T
DH201-2(P=0.002375<0.01) ,

I HA TEPE 2R 252540 LA Al WL 2, DH201-2 J7 )2 REA I SE GL-UGY J& 8 B K, 4E45 ik
% 225K 05 B3 (P=0.04071<0.05) M B3 (P=0.00016<0.01) #% %3 (P=0.00000<0.01)
1M GL-UGY [ )2 FI3E B 40 )52 B 3938 DH201-2 J& , 25 5738 3| T*&ﬁ%7ki|z(1)ﬁ;ﬁggrg =0.00167, Py mpmp
=0.00000<0.01) ,
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FR1 ZRITERMARE pm
Table 1  petiole structure of eucalyptus clones

A

[ N 2 o A O

BREMR  MRERE  forawRE  awmg DO ERE o REDRIEL o SR
) . Oil capsule Oil diameter ~ Vascular bundles ~ Vascular bundle

Clones Cutin layer Epidermal cells Cortex parenchyma .
number capsule thickness number
cells

DH201-2 3.70+0. 14 ** 10. 82+0. 51 19.03+1.53 8.00+0.29 ** 56.27+1.36 10.35+0.90 4.67£0.22

GL-UG9 2.33+0.11 12.70+0.36 " 18.12+1.36 1.50+0. 14 74.46+8.55 8.35+0.60 5.83+0.28 "

# NE—FIRREE; + « NE—FI2ERB R, BHEXE 95%

R2 EREERZELN pm
Table 2 Stem structure of eucalyptus clones

e

SR it WA REAURE RN
BRERR  OMRERE  ArawRs s Doen IR SRR SRR
K K Oil capsule Oil capsule 0Oil diameter Vascular bundles
Clones Cutin layer Epidermal cells Cortex parenchyma .
number number capsule thickness
cells

DH201-2 3.98+0.16 9.68+0.21 21.56+2.12° 5.50+0. 14 58.44+2.33"" 11.21+0.72 7.00+0.24 "

GL-UG9 5.25£0.23""  15.76+0.49*  17.03%0.75 8.00+1.17 46.18+1.15 10.94+0. 82 3.33+0. 14

# NE—FIEREE; « « NE—FI2ERR R, BE X 95%

FEAR BB /I 868 B0 TR LEAG AR R A Pt K 5S4 B0, S St /DS AR R R ABCIR , (R 5 )
PIDTCPER T GL-UGY BA WL APl i sl B4, N TAZ 3 DA & BT OB, (UL IS I 240 /s, R 7
B, T DH201-2 SZ AR BB /N AR 5 ), A A Mg BE A, B I R g H B

R R/ NS SRR 2 I, 32 T AR ALIT AR AR, 4 UK T A M AR A 28 SR 0 B — A~/ Bk
R, BOCse @ 5 AR H SR (K 3a) . HUEIE UG, 4 U AR 16 78 HOBEHL o i U B0/ DN , AR
TEMAPFARAE BN HOBE | I JR A 2 DL A A7 L2 2 o B RN, I K 252 22 A0 7 B, I =5 - A -
I JRORH 2 ) OB it OB O, it KR A 2 4 A 4H B A8 B, i Rl E AR i B R TR R
gkt D EBOAE B TR OB (18 3b) o a2 B, B BB 294 10 Dl s UL IR R == 5]
FIZHEY L P AL B A TG i |, 32 3™ B R AROP AL B A BB 2%, & BB BRAE TR (] 3e)

S i

3 HESNH
Fig. 3. Appearance of Gall
a. HUBDE 010 3R s b. T IR A - R 3 e s . RSP IS Aty it

T 00 A AR U A5 B B YK B R (16. 1048, 81) mm, FHARZY A (3.05+1.73) mm,,

RO AT, 2l B R R, (HUE A 8 3 O ST R o4k, M0 1E 5 B B 5 R IR, 4R o 2 45 44
TR (Kl 4a) . BEE IR AOIFAL , 4 TEAE ) 4645 SRR 2 )2 2 ()R G BRI i 25 1) (1] 4b) 38 i XA
A /NI O == S5 R E— 2D R T DL B B B4 M L2 (B de) , RN BISNRET Ligr b B IR

http ; //www. ecologica. cn



23 FRMRAE A MR ROBE /NS OB RS 5 95 M A AR BRE AR 9 AL 1R 7581

A2 (21.8420.42) wm JHEEZUZE(13.34+0.19) pum JEEEZUZ(18.68+1.13) wm HEEHRZE W2 Fk
GG BRI BB IR T A N TR A B G5 B T 2 DL E O D A B E R AR 2
(211.61£5.12) pum, 1 1E 5 FOAE AR 41 LS5 H4) 2 DABE i 5 ) A2 AR TR Ao I 2854, (H2 X — 4544 SRR ()T
WAF(E 1, 2), s Ny JEREHBZ T EE — 2R, RN 7.92 wmx4.92 pum, s A TTHNDEAR,
Totatse (Bl 4e) .

B4 HEERIFE
Fig.4 Anatomy of Gall
a. gﬁ%ﬁiﬂ:ﬁégﬁﬁ,b @%%*@,L H%MQE; 1. %%ﬁﬂ?ﬂ%ﬂ JEREH ZZ ( EIE'EIMSE) ;3. g%éﬂ?ﬂ%,“ Zﬁ%;ﬁ%ﬁ &E;& T 7. =

2.2 XHERE SRS IR ALY B S

DH201-2 F1 GL-UG9 P/ T 2 (178 329 5 LA K pH (B I 22 45 5 UL 36 3 76 F2 b v sl S8 i /) 1
Jo, iR AT R SO U B A R B Y T, S R R L 2 R 1 IR B KO (P s smomeon =
0. 00000 < 0. 01, P.jpe smorvee = 0- 00006 <0. 01, P stsemmmmors = 0. 00000 <0. 01, Py sisens cruco = 0. 00006 <
0.01,), MR HM)5 DH201-2 it R85 (BT & & | pH H A B AR, 55 £ e A bk L B 38 oK 3k 31 i 25 /K7
(P rymonoora = 1. 00000>0. 05, Pz oo = 0. 1917330 05, Py jionor2 = 0. 18350>0. 05, P yypior 00 = 0. 17489 >
0.05)

R3ER2 AT RETRNSEIE/NERTEREF YR pH EE

Table 3 Changes in nutrient substances and pH value of eucalypt leaves subjected to biotic stress elicited by Leptocybe invasa Fisher & La Salle.

MW TR R AR HH i AR -
Clones Total sugar Protein Soluble free amino acids P
DH201-2 {85 Healthy 25.65+0. 64 46.19+1.49 2.13+0.12 4.45+0.02
I Vaccination 29.69+0.24 " 40.56+0.53 2.88+0.01"" 4.34+0.03
GL-UG9 {8 EE Healthy 23.08+0.12 42.46+0.91 1.65+0.01 4.42+0.02
£ Vaccination 24.18+0.06 “* 42.46+1.20 1.78+0.01"* 4.37+0.02

(] — Tk R AR R B » R 225w BAETE, » » ZR R

H 2 4 TT LA W BEERAS MR AN RS e 46 A 0 B S b, Hoh 4 & 5 7 3 U GL-UGY 5%
IRE I E K (P=0.02324<0.05) , My & a2 S AR E . KEHAY DH201-2 & HEEFY AR E . 4
R F SRR, (L DH201-2 2 5358 B /K F(P=0.03396<0.05) ,GL-UGY ik 3 i K,

x4 BA2ANEUEREMRMRERENENEBMEYRESE

Table 4 Changes in phenol contents of eucalypt leaves subjected to biotic stress elicited by Leptocybe invasa Fisher & La Salle

R Jot: 3R HEHRT ES il HORH psY)
Clones Tannins Flavonoid Anthocyanin Total phenols
DH201-2 {3 Healthy 11.68+0.75 18.048+0. 181 0.103+0.002 " 101.227+2.018
$& M Vaccination 12.35+0.45 20.195+1.280 0.061+0. 006 104.862+0.977
GL-UG9 {8 ERE Healthy 8.25+0.69 18.593+0. 963 0.064+0.023 102.570+5.262
#H Vaccination 15.54+2.66 " 17.675+1.036 0.024+0. 007 107.296+2.796
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Table 5 Changes in indole acetic acid oxidase of eucalypt leaves subjected to biotic stress elicited by Leptocybe invasa Fisher & La Salle

R TotE & DH201-2 GL-UGY
Clones fEHE Healthy L Vaccination {@5 Healthy $ M Vaccination
15|k 7, 2 8 AL Indole acetic acid oxidase 17.9420.09 18.60+0.18 ** 17.82+0.01 18.71+0.22**

(Rl — T R AR R BB« R 225 BAETE, » » ZERR R

H2 6 FTLLE Y, Befh nlg UG o E AL B G 17, Hoh DH201- 2 #2: 8U5 i AAL WIS 5 3.5 4%,
i EAL S EEHE S TR 1.9 %, GL-UGY #2151 S ALY 7 1. 3 4%, i S AL S /G 1 T 1.1 4%,

R6  EB2 AT RETRM IR/ NER R T UM EEE S

Table 6 Changes in peroxidase contents of eucalypt leaves subjected to biotic stress elicited by Leptocybe invasa Fisher & La Salle

K o & DH201-2 GL-UGY9

Clones e Healthy 41 Vaccination e Healthy 1 Vaccination

1B ALY Peroxide 2.60 9.20 2.00 2.60

AL A Hydrogen peroxide enzyme 36.40 69.40 109. 60 124. 60
2.4 M&ER

267 WTLLE W SRR B /N s RS IO R S R B 4R R a b SR TR, B AR
IKFHL B KE (P=0.00000<0.01) , HH GL-UGY M43 Sl a S THE A% 1.3 1%,

RT BA2LANEUREMEMRERENENENHERESE

Table 7 Changes in chlorophyll contents of eucalypt leaves subjected to biotic stress elicited by Leptocybe invasa Fisher & La Salle

MR a5 LRSS 958 MEEE a M2k b

Clones chlorophyll Chlorophyll-a Chlorophyll-b
DH201-2 {g 5 Healthy 0.0766+0.0001 0.0540+0. 0000 0.0227+0.0001

$£H Vaccination 0.0958+0.0002 ** 0.0676+0.0001 ** 0.0282+0.0001 **
GL-UG9 {g 5 Healthy 0.0505+0. 0002 0.0354+0.0001 0.0150+0. 0002
$EH Vaccination 0.0658+0.0002 ** 0.0467+0.0001 ** 0.0191+0.0002 **

Al — TPk R A B FIE BB »« FoR 225 BT, + » 2RI

3 iFig
3.1 HUERRIRSS

AP (1) 2 AFA IO R EH L) v AR 2S00 £ 52 T8 22 53 K P IE A A I, 3% B 4 e
JELRE 2% 534, B DH201-2 5538, B4R DH201-2 MARZERE AL GL-UGY JB (HJ2 25 5 A7 18 31| ik 2 7K1 e
AT N B T YA SR B 2 Al BFLL A S S B AR G 22 T e — e FR T B R T
AR AR AR I B s 1) 2 S DY L2 3 0 S W S8 e 1 A B A A DA R v 3 1) K 30 7 3 Ak T g 2
TR AE HUBEZERA T B S5 R 25

MR SCRE SR BIFST 10 Rl Y] B Je & B0, HOBEY IR 45 R 5 1E 5 21 20/ 28 B 1R 25 A0 A7 A B i DX O3], 4140
T8 P B4 1 A OB ) R B AE 22— AR UG A ) 2 IR 25 SR IE W A 2R A S VTR
MDA B S DX e 2 R Ak R B 1 S5 AR R AE 15 1E A S A R IE 22 B, B (R T i
INT YR AN FEAR 1 I T LU PO 854 . AU X 32 F 19 GL-UGY #F47 BRIER W42 J5 & & B
GL-UGY 7 HUBIE &, BT LA E] GL-UGY - 11 US4 | (R I AN REHERR il 305 B 25 3 1908 /0 B R Hh Bt
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) A48 A5 TR ) B BT AR AR e 8 R O B 5 i | X AT BE S B A S IR BRI DL & e A 52 IE
HALALOCE Y B E W DO T OB — O R A T R B IR T s 2
717 I AL P 1 3 A A AR 7= 4 5 i D g A 0 ARG 6 R 45 S R B, A R TG P R B Al
R AR A /N i, T ik W i R 1 7 it B S 8 R AT, U AR 0 56 B 7= W 32 B S MR A
A0 /)N i H 5 SRR T G B RSN, (2R B pH B LA R A Wy o i) 28 T FLA AT , 7 F8 hn R
IR 28 5 B K

AR R EEX WA S K AR BRI, MR e f e 8Os , AR E S 2 4t
K&K BRI 2R AL BTG Sk R TE i 2 B A K 2, B LAnS| W 2, R S8 AL G 1 B K/ IN X 18 15 | W 2,
R K A AR IR R B, MR BB A /NI il AR, 5 SR IR 32 A A RS2 B B RS
HCE O T 1 B0 05X 2 SR T A2 AR 05 | Wik £ T S A Tt 16 ) 4 1 MR o, 10 B A0 1 0 3 9 v e
LR E AT SR RIS it 20 A K 3R (A2 TR AR AS B /)N B P B R0 A, e O AN I HR B, 15[ 2,
PR A AL BTSSR AN RE SR A K R W IE Y

i AR SRR GRS S 5 2R AR PTG B, SR E 2P 56 AR & Bt Ak
ity s A A S T v W AR, U A A 32 B B AR, 7 A T B S %) B A SNV, 7T 82 Ao e AR A A /)
U RS R I R SR R S T OGS AR E TS R IE A, B R U A R R TP &R
DH201-2 M4 A48 GL-UGY & (P=0.00000<0. 01) , H 22 545 3%, (H R 40 = A 4 2 IR I (i 45
Hprdssm, R A RRR AN
3.3 SRR R AL

ANl REAR TOME R IE B NS5 0 N S I 22 5%, 5 S5O ) 7 A2 B R AR AS B A /N e 7= B A8 T ), R I R[]
PR AN A ACPTERAE . 1 PSR o B A5 MR A R AR A8 W 2 4 o2 AR T TR B T DB Sy s
HRFIRZE R, 5200 T AR PG A 7= W0 0 7 A FNE SR O )3 i, I LR i e SO R i 3 B 1R 7 1 2 IR [
FEEE RS2 X S o A A B AE KRR R B HEA T m e, BEE 3 RORB AR, PR A
SRR AW I 3k S A T e e 0 S 7 U 2 A B I DR AR A R A S /N e R 2 A T B 2
SRR A PR AR A A TS, hy S A RS ST i R RS AR e A B /N e 38R ) o 5 4 A o 2 A B A
i, DTTIT 38 B0 TR A R B UM R A /N e T R Y H Y
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