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Abstract: In order to explore the effects of variation in chemical substances in damaged masson pine
( Pinus massoniana) needles, on population dynamics of Dendrolimus kikuchii, D. kikuchii larvae were
reared with masson pine needles with different damage degrees caused by the pest in the laboratory, its
population parameters and contents of nutrients and secondary substances in damaged masson pine
needles were measured, and the integrated correlation coefficient was adopted for data analysis. The
results showed that with the damage increasing in masson pine needles caused by D. Fkikuchii larvae,
flavones in needles increased accordingly, while contents of soluble sugars, polysaccharides and proteins
decreased. The average developmental duration and mortality of D. kikuchii larvae increased with the
damage increasing. No significant correlation was found between the variation in contents of tannins or
total phenols and the developmental duration or mortality of each instar larvae. There were significantly
direct and comprehensive correlations between contents of nutrients and secondary substances of masson
pine needles and the developmental duration or mortality of each instar larvae excluding 6th instar larvae.
With the damage increasing in masson pine needles caused by D. kikuchii larvae, all parameters
including body weight of 7th instar larvae, needle consumption, pupal weight, emergence rate, female
ratio and fecundity in D. kikuchii population feeding the damaged masson pine needles decreased. No

significant correlation was found between the variation in contents of tannins or total phenols and
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population parameters of D. kikuchii larvae. The results suggest that the contents of nutrients and

secondary substances in masson pine needles dramatically influence the population parameters of D.

kikuchii, with the importance sequence from high to low: soluble sugars > proteins > polysaccharides >

flavones. Contents of tannins and total phenols seem to have no significant influence.
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B ZEWNFE W Dendrolimus kikuchii Matsumura 3
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Table 1 Developmental duration and mortality in Dendrolimus kikuchii larvae feeding on

masson pine needles with different damage degrees

SE34 3] Average developmental duration (d)

FET=#R Mortality (% )

K353
Each instar HJF Severe H1JF Moderate  #2JF Mild HJF Severe H1JF Moderate  #2JF Mild
Undamaged Undamaged
1§ Istinstar v,  12.8+1.1% 12.1+1.2* 11.6 £1.0 11.2+0.9 41.6£5.1* 36.6x6.1" 35.2+2.8 33.6 1.8
2 #% 2nd instar x, 10.1+0.8* 9.4+0.6" 9.1+0.5 8.9+£0.6 31.5x4.1* 27.9x2.4* 26.5+3.3 27.3+1.5
344 3rd instar x;  11.2£1.0* 10.8+0.8* 9.5+0.9 9.2+0.8 22.4x3.1* 19.6x5.6" 17.9 +4.1 15.7 £1.3
4 f% 4th instar x,  14.5£1.5*  13.7£0.8*  12.1zx1.1 11.6 £1.4  18.3+3.1* 17.4x2.2* 17.4+£2.3 15.3£1.7
5 #% Sth instar x5 15.2 £1.3* 14.5+1.2* 13.2 1.2 12.6 +1.8  16.4£3.2* 11.2x1.6* 10.1 £0.8 12.3 0.8
6 % 6th instar v,  16.6 £1.7* 16.1+1.6* 14.3 1.5 15.4+1.6 18.7+2.5* 13.2+1.8* 11.6 £1.5 10.5+1.3
7§ 7th instar x;  21.4£1.5* 19.7+1.7* 18.6 £2.1 17.3+£2.2  31.5%£2.7* 22.3x1.9* 14.3 +0.6 12.4 £0.7
SN Total 101.8 +9.3* 96.3 +8.8* 88.4 +8.1 86.2 +9.1

* P <0.05( M)A —3855r32 FH 5 K% EHA HE The comparison between the damaged group and the undamaged group in the same row under the

same index ).
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Table 2 Population parameters in Dendrolimus kikuchii larvae feeding on masson pine needles with different damage degrees

hAEH 7 e 4 P
BRE(g) S (g) WEPELL  ARMEAESE ) ChL)
ErtERE M) T (g) . FETR(%) AR (%)
. Feeding Pupal . Female Number of eggs
Damage degree ~ Developmental Body weight of . . Larval Pupation rate . .
capacity weight proportion  laid per female
of pine needles duration 7th instar larva mortality Zg
Z Z, Z, Z
Z, Z, Zs
T Severe 101.8+9.3* 5.92+0.8* 21.9%2.3* 5.02+0.5* 93.56+7.1* 58.72+6.8* 0.43+0.02 37.7+8.9*
"B Moderate  96.3 +8.8* 6.23£0.6* 22.8+2.1* 5.12+0.5* 91.78+8.3* 65.36+5.9* 0.45+0.03 53.2+9.6*
2 Mild 88.4+8.1 8.22+0.7 28.6+3.5 6.98+0.6* 78.56+7.9 91.32x7.1 0.47 +0.01 85.8+11.2
A% % Undamaged 86.2+9.1  9.05+0.5 30.2+2.8 7.22+1.2  76.46+6.3 94.24+9.6  0.48+0.04 94.9x12.5

* P <0.05( [f]—3 N3 HEH S5 KZEHK LI The comparison between the damaged group and the undamaged group in the same column). % 3 [

The same for Table 3.

£33 FAEAZEEEDIRBHMEFMRERENRSE (mg/g)

Table 3 The contents (mg/g) of nutrients and secondary substances in masson pine needles with

different damage degrees caused by Dendrolimus kikuchii feeding

B ETR i By gy A E2 EHSUA
Damage degree Flavones Tannins Total phenols Soluble sugars Polysaccharides Proteins
of pine needles Y1 Y2 Y3 Ya ¥s Y6
¥ Severe 14.23 +1.1* 28.05 +0.8 27.91 0.5 43.12£1.1* 13.51 £0.4* 23.49+0.9"
1 Moderate 13.43 +0.8* 28.56 +0.7* 28.91+0.6* 43.74 +0.8* 13.95+0.2* 24.26 +0.8*
2R Mild 12.60 +0.8 29.40 £0.6* 30.05+0.6" 45.17 £1.2 14.59 +0.4 24.67 £1.0
#3% % Undamaged 12.18 0.9 27.65 £0.6 27.09 £0.7 45.97 0.9 15.35+0.3 25.41 £0.9
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M C, FJLUE H i K2 7 84 R0
B, B/DRIE 6 14 OFE I, (AR R
BERAK, BRENEAHEERER.

51 ARA R4 BB T A B 4K
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0.2293, 0.3485, 0.3592) ,
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Table 4 Direct correlation coefficient between contents of nutrients/secondary substances in masson pine needles and
the average developmental duration of the 1st generation larvae of Dendrolimus kikuchii

K T LN gy A E2 EHSUA
Flavones Tannins Total phenols Soluble sugars Polysaccharides Proteins
Each instar Y, Y, Y, Y, Y, Y,

1 % 1st instar %, 0.997 ** -0.038 0.028 -0.973* -0.970* -0.989"
2 ##% 2nd instar %, 0.978 * -0.142 -0.086 -0.927 -0.920 -0.964*
3 % 3rd instar x; 0.978* -0.092 -0.005 -0.991* -0.961* -0.934
4 i 4th instar x, 0.991 * -0.085 -0.004 -0.994** -0.970* -0.956"
5 % Sth instar x5 0.992 ** -0.031 0. 050 -0.998 ** -0.982* -0.968
6 % 6th instar xg 0.783 -0.629 -0.554 -0.751 -0.648 -0.640
7 % Tth instar x; 0.991 * 0.034 0.099 -0.974* -0.981* -0.997 "

*P<0.05; *P<0.01.

x5 BFNEHF1IRSRGBETCRSIEMHEFYRUERENRSBHERBEXRLY
Table 5 Direct correlation coefficient between contents of nutrients/secondary substances in masson pine needles and
mortality of the 1st generation larvae of Dendrolimus kikuchii

P T LN gy A E2 EHSUA
Flavones Tannins Total phenols Soluble sugars Polysaccharides Proteins
Each instar Y, Y, Y, Y, Y, Y,
1 #% 1st instar x, 0.964 * -0.116 -0.067 -0.905 -0.906 -0.961*
2 % 2nd instar x, 0.873 -0.459 -0.418 -0.777 -0.736 -0.810
3 %% 3rd instar x5 0.989 * 0.048 0.113 -0.972* -0.981* -0.998 **
4 % 4th instar x, 0.850 0.442 0.492 -0.864 -0.930 -0.937
5 #% 5th instar x5 0.720 -0.615 -0.595 -0.593 -0.541 -0.642
6 &% 6th instar x¢ 0.955* -0.186 -0.138 -0.887 -0.880 -0.940
7 % Tth instar x; 0.992 ** -0.187 -0.119 -0.958* -0.934 -0.956"

*P<0.05; ™ P<0.01.
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Table 6 Integrated correlation coefficient between contents of nutrients/secondary substances in masson pine needles

and the average developmental duration of the 1st generation larvae of Dendrolimus kikuchii

T;r;C;/SpS; (1)
X, X, X, X, X, X,

Y, 0.0414 0.0404 0.0377 0.0393 0.0397 0.0220 0.0413 0.2619
Y -0.0008  -0.0029  -0.0017  -0.0016  -0.0006 -0.0086  0.0007  =-0.0156
Y 0.0005 ~ -0.0015 ~ -0.0001  -0.0001  0.0009  -0.0066  0.0017  =-0.0051
Y, -0.0653  -0.0626  -0.0607  -0.0630  -0.0638  -0.0344  -0.0653  -0.4151
Y -0.0627  -0.0600  -0.0573  -0.0597  -0.0607  -0.0306  -0.0630  -0.3941
Y -0.0650  -0.0631  -0.0579  -0.0607  -0.0618  -0.0311  -0.0653  ~-0.4050

R;(2) -0.1519  -0.1497  -0.1401  -0.1458  -0.1463  -0.0893  -0.1499 -0.9730*

*P <0.05; *P <0.01.

RT FEAZEEREDIELHEFRURURRENFERSBFRERE 1 RERSBETERZ ANESHXRY

Table 7 Integrated correlation coefficient between contents of nutrients/secondary substances in masson pine needles

and mortality of the 1st generation larvae of Dendrolimus kikuchii

a T a T;r;C;/SpS, . ” . R.(1)

Y, 0.0433 0.0326 0. 0469 0.0380 0.0208 0.0419 0.0448 0.2684
Y, -0.0025 - 0.0084 0.0011 0.0097 - 0.0087 - 0.0040 —-0.0041 -0.0169
Y, -0.0013 - 0. 0066 0.0023 0.0093 -0.0073 -0.0025 -0.0023 -0.0084
Y, - 0.0668 -0.0488 -0.0742 -0.0613 -0.0299 -0.0642 -0.0703 -0.4154
Ys -0.0644 -0.0456 -0.0717 -0.0615 -0.0275 -0.0615 —-0.0667 -0.3989
Y -0.0682 -0.0493 -0.0743 - 0.0635 -0.0308 - 0.0654 - 0.0692 -0.4207
R;(2) -0.1599 -0.1262 -0.1699 -0.1295 -0.0831 -0.1559 -0.1677  -0.9920*

*P <0.05; ™ P <0.01.
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R(Zs)  IHHR(Zs) . BEVELL(Z,) . BHEAFE )
(BL) (Zy) SFHRTCEE ARk FTIEPERE (Y,) 5
DREFHH(Z,) . B FEICTR(Z;) FER
EFWIEMREKR, 57 RYRIEKE(Z,) | F#FH
BER(Z). WE(Z,). LR (Z) . ML
(Z;)  MEETE ) ORL) (Z) F77E B E H TR R
B 2H(Ys) SYRETIM(Z,) 71583
KER, 57 R BEE(Z) . IR FHRAER
(Z3) . WEVELL(Z,) | MEAETE ) ORL) (Z,) FAER
EFRIEMXRBEAR(Y,) SAREEFHH(Z,)
FAE B E AR RS, SHENELL(Z,) | BHEATE
J1ChL) (Zg) FAERZEIEMRK R R
DBERIM(Z,) T @G BEE(Z,) | Sh#
FEHWMER(Z;) . WE(Z,). P RFHIETR
(Zs) AU (Zs) . MEYELL (Z;,) . B MEATE T

(KL) (Zs) B REL:

C, = ( -0.3406, 0. 3527, 0. 3533, 0. 3524,
-0.3525, 0.3497, 0.3343, 0.3471) ,,

MG RE, iR ETHY(Z,) . 4hHFH5E
TR (Zs) NEL, TR BIAE (Z,) | S RF3H
BE(Z,) . WEZ,) . IR (Z,) « HEPEEL(Z,) |
TRMERETE T OFL) (Z) #OMIERL, 4EXHER/NESR
AKo

ME9KE, REESE(Y,) SR REHY
(Z,) \ BT R (Z;) FAEIE R ILRE R
R, 57 RYBEE(Z,)  GRFHREE(Z;) .
WHE(Z,) . TR (Z)  WETELL(Z,) | S MEAETE
J1(HL) (Zs) FFAEIE MRS E R AT, SHEXR
BHRDERA K,

R8 BFREHMHSUSIEAHEFRVRURREN RS ENEREXRE

Table 8 Direct correlation coefficient between contents of nutrients/secondary substances in masson pine needles and

population parameters of the 1st generation larvae of Dendrolimus kikuchii

. 7 g A
REVIWI(d) ﬁiji o HRE(p) MWW KR MR
ebr Development 8 Feeding Pupal SET-# (%)  Pupation Female
Body weight of Number of eggs
Index duration capacity weight  Larval mortality rate ratio
7th instar larva laid per female
Z, Zy Zy Zs Zg Z,
Z, Zg
# M Flavones Y, 0.996 ** -0.960* -0.961* -0.938 0.955* -0.968 —-1.000* -0.990
K177 Tannins ¥, -0.126 -0.024 0.041 0.098 -0.098 0.145 0.081 0. 096
S Total phenols Y3 -0.050 -0.114 -0.050 0.004 -0.006 0.057 0.009 0.014
AR Soluble sugars Y, -0.985*  0.993* 0.990* 0.972* -0.981*  0.981* 0.982* 0.993*
Z ¥k Polysaccharides ¥ -0.961* 0.973* 0.960 * 0.931 -0.943 0.941 0.969 * 0.966 *
R Proteins Yq -0.960* 0.932 0.920 0.881 -0.901 0.912 0.979* 0.951*

*P<0.05; *P<0.01.

®9 DENMHEFRYRMERREYVRAIESE 1 KEFNEHMNFSHZ ANSESHEXRAN
Table 9 Integrated correlation coefficient between contents of nutrients/secondary substances in masson pine needles and

population parameters of the 1st generation larvae of Dendrolimus kikuchii

Tir;C,/SpS; R )
Z, Z, Z Z, Z Zg z, Z

Y, 0.0561 -0.0560  -0.0561  -0.0547  0.0557 -0.0560  -0.0552  -0.0568  -0.2230
Y, 0.0035 -0.0007  0.0012 0.0028 0.0028 0.0041 0.0022 0.0026 0.0183
Y, 0.0012 -0.0028  -0.0012  0.0001 0.0001 0.0014 0.0003 0.0003 -0.0004
Y, 0.0518 0.0539 0.0539 0.0528 0.0534 0.0529 0.0506 0.0531 0.4224
Y 0.0471 0.0494 0.0489 0.0473 0.0479 0.0474 0.0467 0.0483 0.3829
Ys 0.0492 0.0494 0.0490 0.0467 0.0479 0.0480 0.0493 0.0497 0.3892

R;(2) 0.2088 0.0934 0.0957 0.0950 0.2076 0.0979 0.0938 0.0972  0.9893*

*P<0.05; *P<0.01.
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BT(Y,) . BB (Y,) SREEHH(Z,) .7
R MIRE (Z,) ., SR PFHRER(Z,)., FHE
(Z,) \ SECFEBET-HR(Z) | iR (Z,) | WPk L
(Zy) \ EHERETE T (OFL) (Zs) KIZR-E AR R B R
AN,

AT TERE(Y,) L 20 (Y5)  BEBR(Y,) 544
EETI(Z) T RGBIKE(Z,) | PR
B(Z,) . WE(Z,) \ IR PHIET-R(Z) | L%
(Zs)  WEVEEL(Z,) « BRMEAESH ) OBL) (Zy) BIFFAE
ERZGEMXRE, &RBANZERAK,

M9 FBJa—FI R.(1) KFE, GEHERREK
IMRUCHRTHYERE (Y,) « AR (Ye) - ZHE(Y5) .
HEER(Y,) ., BT (L) BB(Y;), MAHRT
(). BB (Y) X AEH /DN WK 9 B —17
R(2) KE, hiBERHM(Z,) . SIHEFHFET-R
(Zs) SHRETE IR R LA B R A W) I8 AR 23 6 AR 56
RPAANER, 57 RYBAEE(Z,) | SRR
BRE(Z,) . WEZ) . AIHR(Z,) « HEPEL(Z,)
TMEATE S OhL) (Zy) SR B MR R BURXT BN, T
HMEZFA K.

3 Fig5itie

W LA B, AT RAR H U 4

(1) HE & RS2 1B B AR P
B AR EBERIEMR, RrMAEERE
INE, WEEE RN, SRR, SET R
Wi, BT BB AR 4 B SRR
BABENERNE, ATEERE. ERR. SR5%
1 ARG B 3 L SR RA B3 B R R
&, RrMEEREME, THEERE,. EERK. £
PSR, SRR FHHHER, TR
TR o

(2)6 WA HFI P, SET-RZ G E Y
JR AR A M 5 B B B R R 238 R R B
BEN, HADARL) AP I SET R Z A
BRI R A & B E R LA
A BENE.

(3) WIS AT M 4R FH5E T R
TERZIEMAREN, R EREMNE, HR
SR, FRY R SETRAE . X
7RG BATE | ghHCFIHRR | . LR M
PG AT AT A B W TR, RN BE
FEEREMME, HES BN, 7 B4 RIAE, 4

B E, WE. (R, M. SR
TN BT B AR E P T gl dufk
BB FHREE. WE. SRR, &
WEER . MEMEE . AT SRR BEE W, A
PEME. AR, SR RETIH . 487 43E
TRAFEREMNEMRXRR, RnbbfaEREMN
&, THEHE. EAR. ZRIERD, SHEF
T G OPHFE TR R X 7 iR &)
B E, WE. (R, M. SR
HEBZEWIEZWIER, RnEAEEFRENE,
AR BAR. SRS R, T IRYRIRE .,
AR, WHE. LR, M. S
B8 7N

(4) WAEE SRR LA SR A= 9 & B X BF A
ERMHS B NN EEEK KR N ATEERE. &
HE . 8. S, 7. BB, mHAT . BEE
FAAERTH/N

(5) GEMRRB MR &R 45 R Z 1k
WA B, SEREEAMEM. 1 TIENEE
MHRRPOERGEHRRE, WS ERSE 1R
BRGNP AT R E BEWIEM X, bR
BB R EREME, BESEM, F11R
FRL HOEE I FETRMARI K, A Hrsh R
FEA B, 5ERERBER -

XS (1997 ) M FRAE 45 (2002) AF XK B :
e S RMERNER, LR E B
A BTEHEES RN, DRMERBREHENR
Hig, HMESBERIABREIHER. KEHE
B, BRERE . FETRMIN . AR TR,
E5ARICERTEA B, HE5ARLGERUAFE—2E
5, ATRBEEN: (1) IR RAR, &R3CHR
MREFMER, WIS (1997) TR A2 D B
Bl HIWRAEARE; (2)mF5FFRE, &<
SR LR R gE M iRSE, RIE%(1997)
KRR RIRFT M RSR; (3) 48T s b5 A 58
A, AN, ASCH 2 B S LR A
KA, RIFHIER T ARIFEbRE . AETERAE
[ EARRR

Masttsten (1987 )\, & EFEY P IELE S
YIRAKAEY R R S BB ERAEREET R
RIHE AL KZN, N ERTENING XR R S5HY
MHEAERAXRRMARRERE, FEED THRE
WIR N, EETIEHENAERTHYZE G
W) R R S B AEA ; TXS RO, 43 BTk
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AR R BTN R i i e D (R4
4, 2002; ZEHRSE, 2005) o AHFRERIBFNE
AR EZ E— Y BARRELE K G,
MR T RIHER , RE TR, AR, L1
RETr, & FEFE K ATE I T X AT RS A
S G, X BT A SO B B R B TR
ERIERA K. i TH M BT BRAR A Y R
RER, BT B, SRS REENN, A
JR\ 0. AR S B R E TR, XA REREM
BEFMERMHSHEAN FERTFNZ —, FiEn
BT BRI R R T — N IR
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