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Relation between dynamic changes of free amino acid contents in Larix gmelinii

needles and injuring factors

SHI Lei, YAN Shanchun* ,JIN Hu,MENG Zhaojun
Forestry Tree Genetic Improvement and Biotechnology of Ministry of Education, Northeast Forestry University, Harbin 150040, China

Abstract: Larix gmelinii seedlings under the stresses of cutting needles and caterpillar ( Dendrolimus superans) feeding
were selected as object for this research. The purpose is to discuss the components and contents of free amino acids with the
time which through treatment of cutting needles in different degrees and insect feeding. The change of free amino acid
contents in needles was detected by HPLC. The results showed that there were 17 free amino acids in needles. The content
of Phenylalanine was at the most, while increased 36.6% in healthy needles on 4 branches after cutting needles compared
with control, and increased 98.3% after the treatment of caterpillar feeding 15 days later. The content of total amino acids
between induced 25% and 50% in healthy needles had different significance (P <0.05) after needles were cut 4 branches
15days later and fed by caterpillar 5 days later, and the variation of total amino acids quantity presented the same trend
within 5 days to 15 days by two treatments and at 10 days which is the maximum content induced,. while the total quantity
of amino acids after the treatment of caterpillar feeding was higher than cutting needles induced 25% , 50% and 75%
needles on 4 branches, but had no significant difference. Contents of free amino acids in healthy needles after needles on 4,
8 and 12 branches were cut had no significant difference, which showed that larch needles were cut 4 branches could exceed
the tolerance threshold and reach defense-induced effects. The contents of many free amino acids decreased and 8 amino
acids in undamaged needles changed significantly (P < 0. 05), which were Serine, Glutamate, Glycine, Histidine,
Proline, Cysteine, Lysine and Phenylalanine separately. It showed that artificial leaf-cutting ways and larva feeding could

induce changes of free amino acids of larch, and affect the growth and development of insects indirectly.
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REREEYERKEET AW AEYTEEY R, H& B K& fh & BB AR X L B A1, #R 2
WAMIE R K EEMER . MYHEEEREEARES ALY S RS RSP RN IR,
HEBRFHRRBAEKREAANNAZERRA  AREREEREREFERR T RO ERYRZ
—1 PR M SR R R AR E A A E AR KRS TR EAERA R
7 , A KA ( Nilaparvata lugen ) $rB KNG E T+, TS KRG HI R E " o AT (Aphis gossypii ) BUE
RN , RN PR BEE P iR AER S BV & TX IR, UL R F AR LA bR A
M ERR S BN EBEEARERNEREZET™ . BWARBEEBFN I K& B, A T X4
HBMERKEE B ZENE™ . TUEHEYFEEERAN SR SHFENEE R RILEY
FHR . ASCLL 5 AEAE TR M ( Larix gmelinii) RpXF 5, 50 T A FARBEBY it e BUE Z )5 , M2 9% i AA gt
PRI B SR B R 2 7 N R P B ) B 2 (B AR fh R B, O FHERAE SRRt , 48 = AR R R AK 7 A 288 il 9 v
AR RIS E
1 #R5H®
1.1 SEgkret

5 AEAE MR RATE (KR 1. 2m A4, WR2EH 2. Sem 2) BB T AR K218 JL 1L SE R bz 2 11 52
WM. F 7 AREFREH KB AR FIT A FRER G AT, 7% #A E 3 (Dendrolimus
superans ) W% B W58 Te A oG I , BUR = N PIb, 3C L= 01, 4 AL JE 1R 3R 2 3 I A o
1.2 b3k

JRERBY IR A AL B - RIE 4 A BT I 4 A% 8 AR 12 7 3 AL, FEBY T 4 AR, A BIFERI AR AR (R P L
4 AT 1 244 A A , X T 6 24 4F A U R 3 A 2% 9384T 25% \50% 1 75% B BE AL BE
3 FPBY MR B AN IR BT, AR E 3 N E A BY M 8 B 12 Bt AIE AR AR PE L 4 4
T 1o & 2 553 SR ARUSR TR 4 BOH I X AR AR AL B, 7EALFEIE 5 5 R .10 R
FEE 15 RA3HIBRER ERIARIER a5, BA TSRS Y, BB A VK&, 7 81 5236 % VK AR - 40°C R R IR
ez giE

gh MR AL B  ZE TR B R IR (B P b 4 DT T AR 1 2R A MR, 43 10 3K .20 3k .30 3k 3
A4l BB E BT Ak b, Y B R A BORAE K, M ECE BAH S T30 4 BRI 25% (50% F1 75% B4 AR B
BPRE4h T 3 FPECERR B AR RIS LT, A IR R E 3 N X AR BT T kb 2
TERFRIE IS 5 K10 KRG 15 R BER ERIARIER a5, R Ak 4R N, Bl [ S = -40C %
AR
1.3 R aE BRI

(D) BETFRE B REMTE AL S ECEE 50°C AR TPt T, Z )5 T RE M AR AL T R B, i 60 H
o FRECL. 5g MK, B T =M.

(2)MBAEZERL  FARELFRIRE S A A 25mL B EE & SmL 0. 1mol/L $hR , ¥ i O 345, B7E 8 75
RV s 8 60min,

) HL KEAEEMREASWEAZSLE S, 7E 4°C 10 000r/min F5/4 T & #H B0 12min, Z J5 4 EIER
B , B RIEFE PR IEHE R

(4)ZBRER BIEFERRFBERT 40C BB LRIREZEREA L. 5oL, Z JFHE A 2. 5SmL Z&2HHH,
AL 1mL 0. 1mol/L EER5EZ

(5)idE FH0.45um yEMEEE
1.4 P AR E

(DA BUIIESE MR 20wl IRA BT A AR, AN 60pL AccQ - Fluor B FRZE Wi , WA HE IR
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&, FIRE I AT AR E A 20l AccQ + Fluor T A2 15{5H] , 32 BI# E TR & 2080, OB 1min, FES 00K

PR E B, 7R 55°C ROMERS FP ingk 10min JE 5 AT AEAR S INA BISCE 2R P, _EAURRI .

(2)MsE  FIMH Waters2695 15 35 B AH (1%L (36
[ Waters 23 5] il & ) I %€ # & 7 9 T 25 205 R 4 ok
K H AR & &, P FIR 28 Waters2996 #I — 4% & 45
MEFIR 8 , ISR AceQ - Tag & FIBIR AL
NovaPak TMC,4pum 3.9 x 150mm #F, #:iE 37°C , &
A 248nm , Fi# S 1L/ min, B EEVERL, WK 153
ZAH A g AccQ - TagA VAR5 /KR FRBCH AL 1:10
HIEW, Wi shAH B N4, WishAH C ek, Fr
A VR TS A AT AR HEA T IR B <, I i DA SRR
RS FEMIBATE B 47min, DL 17 Fh & ZEBRIR
s PR O B EF (B 88 8 BT A s vh S B BR I A2, R 418 A
PRI R A R I B (5 SPSS 12. 0 #k {4

PTG o
2 ER545H

2.1 RIRBHHR R 6 e AR & R

x1 BERRFEH

Table 1 Conditions of gradient separation
P} ] piRe WA WIHAHB  WBhAEC
Tine Flow rate  Mobile phase Mobile phase Mobile phase
/min  /(mLemin") A% B/ % C/ %
0.0 1.0 100 0 0
0.5 1.0 99 1 0
18.0 1.0 95 5 0
19.0 1.0 91 9 0
29.5 1.0 83 17 0
33.0 1.0 0 60 40
36.0 1.0 100 0
47.0 1.0 100 0

TEVE M FASEH AR R 17 R R R AEIR . SXFIRAR L, SRR A IR, i B AR RR ) & B L HOR
7], [P A 2R A R RS ) R EE IR AL S (B A —E 25
2.1.1 ByM-ALEE 4 BUG R FRET M NI E AR S B

Byt 4 B 25% 50% F175% FEALERE H) 3 B S XT IRAR L, BRI S AR S BEER BE (AR
BR Pioauprse =0.034 , HER Psapose, =0. 025, FHZIR Psypsson =0. 01, FITEIR Prsaupose =0.04) (K 2) o AE
1 R[LAE 545 25% Jg 17 Fha R mRas & 4 77284k . 10d JEXSE R & B WA T ;5d.15d JE A & B AE bt
R & BT ;5d.10d J5 AR BRI R I & 12 Fl A 8] PR ; 20 20 & B A 18] — BRI RN &R &
BB R SE TR G B 2 FRAF IR & B 2B 2L, B R-THE R RAEREFHE 8 MaEEmR

2 B BLSEREAR S TR a3

R2 HMH4BMERIHAL HFESEERNFHSBREREEESN

Table 2 Average contents and significant analysis of 17 kinds of free amino acids in healthy needles after needles on four branches were cut

SAPHER  ARME 0dPHAR  REME  dTHSE  ARME
RIER Average content Incremental Average content Incremental Average content Incremental
Amino acids in 5 days content in 10 days content in 15 days content
/(mg/g) /(mg/g) /(mg/g) /(mg/g) /(mg/g) /(mg/g)
RKAZR 25% 0. 5666 -0.6667 1.1333 -0.0334 1. 4000 +0. 0663
ASP 50% 1.2667 +0.0334 1.4000 +0.2333 1.3000 -0.0337
75% 1.0333 -0.2 0.8333 -0.3334 1.2667 -0.067
X CK 1.2333 1.1667 1.3337
2 Z % SER 25% 2.4000 -0.133 2.6333 +0.1666 2.6333 -0.1667
50% 2.1000 -0.433 2.4333 -0.0334 2.5000 -0.3
75% 1. 5000 -1.033 1.9000 -0.5667 2.4667 -0.3333
X CK 2.5330 2.4667 2.8000
AAM GLU 25% 0.5000A +0.0667 0.4000a 0 0. 4000 +0.1333
50% 0.4666A +0.0333 0.3000ab -0.1 0.2000 -0.0667
75% 0.1333B -0.3 0.1667b* -0.2333 0.3667 +0.1
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ik
5dPHE R R 10d -2 &5 i R 15d a8 i R
RIER Average content Incremental Average content Incremental Average content Incremental
Amino acids in 5 days content in 10 days content in 15 days content
/(mg/g) /(mg/g) /(mg/g) /(mg/g) /(mg/g) /(mg/g)
X CK 0.4333 0.4000 0.2667
HAE®R GLY 25% 1.0333* -1.3667 1.7000ab +0.4333 2.4000 -0.1
50% 2.1333 -0.2667 0.4667a -0.8 1. 6667 -0.833
75% 1.7000 -0.7 2.1000b +0.8333 2.4500 -0.05
X | CK 2.4000 1.2667 2.5000
4 A& ®R HIS 25% 0.0333Aa -0.1 0.1333 -0.0667 0.0333 -0.1
50% 0. 1000ABa -0.0333 0. 1000 -0.1 0. 0666 -0.0667
75% 0. 1666 Bb +0.0333 0.4000 +0.2 0.1333 0
X CK 0.1333 0.2000 0.1333
WA ARG 25% 0.1333 0 0.1333ab +0.0333 0. 1567 -0.01
50% 0.2000 +0.0667 0.2667a +0.1667 0. 0667 -0.1
75% 0.2000 +0.0667 0.0667b -0.0333 0. 0667 -0.1
X CK 0.1333 0. 1000 0. 1667
&M THR 25% 0. 0000 -0.1667 0.3000 +0.1333 0.2000 -0.1333
50% 0.8333 +0. 6666 0. 0667 -0.1 0.1333 -0.2
75% 0. 1667 0 0.2000 +0.0333 0. 1667 -0.1666
X CK 0. 1667 0.1667 0.3333
AR ALA 25% 0. 1667 -0.3333 0.3000a -0.0333 0.2333 0
50% 0.4667 -0.0333 0.1667ab -0.16663 0. 1667 -0.0666
75% 0.5333 +0.0333 0.0667b -0.26663 0.2000 -0.0333
X Hg CK 0. 5000 0.3333 0.2333
& PRO 25% 0.0333 -0.1 0.1333 +0.1333 0.2333 +0.1
50% 1.0333 " +0.9 0.2000 +0.1 0.2333 +0.1
75% 0. 3000 +0.1667 0. 6000 +0.5 0.2667 +0.1333
X Hg CK 0.1333 0. 1000 0.1333
AR 25% 0.1333 +0.0333 0.1333 0 0. 1000 +0.0333
CYS 50% 0. 0667 -0.0333 0. 0667 -0.0666 0.1333 +0.0666
75% 0. 1000 0 0.0333 -0.1 0. 0667 0
X Hg CK 0. 1000 0.1333 0. 0667
AR TYR 25% 0. 0667 -0.0667 0.1667 -0.0333 0.2667a +0.2334
50% 0. 1667 +0.0333 0. 0000 -0.2 0.0001ab -0.0333
75% 0. 1000 -0.0333 0.1667 -0.0333 0. 1000b +0.6667
X Hg CK 0.1333 0.2000 0.0333
HEB VAL 25% 0.1333 -0.2667 0.4000 +0.3667 0.4000 +0.1
50% 0.4333 +0.0333 0. 1000 +0.0667 0. 1000 -0.2
75% 0.4000 0 0.3333 +0.3 0.2333 -0.0667
X Hg CK 0.4000 0.0333 0.3
HEAB MET 25% 0. 0000 -0.0333 0.2000 +0.1 0.2000 +0.2
50% 0. 1667 +0.1334 0. 0000 -0.1 0.3000 +0.3
75% 0. 0667 +0.0333 0.2000 +0.1 0. 1667 +0.1667
X Hg CK 0.0333 0. 1000 0. 0000
AR LYS 25% 0. 1000 -0.2 0.2000 -0.0333 0.2333a 0
50% 0.3333 +0.0333 0. 1000 -0.1333 0.0667b -0.0666
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ik
5dPHE R R 10d -2 &5 i R 15d a8 i R
RIER Average content Incremental Average content Incremental Average content Incremental
Amino acids in 5 days content in 10 days content in 15 days content
/(mg/g) /(mg/g) /(mg/g) /(mg/g) /(mg/g) /(mg/g)
75% 0.2667 -0.0333 0. 1000 -0.1333 0. 1667ab +0.0334
Xt HE CK 0. 3000 0.2333 0.2333
FRAR 25% 0. 1000 -0.1333 0.1667 +0.0334 0.4333a* +0.3
ILE 50% 0.1333 -0.1 0.1433 +0.01 0.2000bc +0.0667
75% 0. 1667 -0.0666 0.1667 +0.0334 0.2333¢ +0.1
X CK 0.2333 0.1333 0.1333
AR LEU 25% 0. 5000 -0.2 0. 9000 +0.2 0.6333 +0.0333
50% 0.7667 +0.0667 0.5000 -0.2 0.5667 -0.0333
75% 0.4667 -0.2333 0. 8000 +0.1 0.5333 -0.0667
X CK 0.7000 0.7000 0. 6000
EHEAR 25% 389.3000 +50.4 391.9700 -36.86 299. 4300 +24.53
PHE 50% 324.2300 -14.67 499.2300 +70.4 375.6300 +100.73
75% 261.4300 =77.47 364. 0000 -64.83 342.9700 +68.07
Xt HE CK 338.9000 428. 8300 274.9000

2 PRI F B 7 [ 5 B 30 [F) R R AN [R5 578 BE 2 [R] 22 5743 B K, /NE T BEROR P <0. 05, REFRERIR P <0.01;% = "R
XHRARLE2E S B3, P <0.05;% » » 7 FIR 5 HAE 22 S B3, P <0.01; T

i 50% 4G , AR & B — BT s EDE R BR A S S & BR 1 & B BE T R SRR G T e AR
BRI, TR -FERTHE s RN AR & B A S HA S, BRI - 2808 H 2B A AR A

NEARK) & B—EHREG RAERFHE 8 FaZER & BRI SETH R 5 MR,

it 75% £t ,10d J5 4 BEEER S 2 T, BRRMBE R & B ICTHR G IR RAZR LM
KNARRK S BN ) — EREG A2 AR MERRN & B — BT R R AR E B 2L, BIFER-T
TR R AR AR R BR TN BR B & B BERT R SETH R M A BRFHE 5 Fh BRI AL SR, B Sofefi
JET R

AR, FRA A RIFP R B BRI 25% \50% \75% Z [0 2= 57 3% (B AR Psaasa—asw =0.000, Psyipisor, 750, =
0.000, Py 25 =0.034; HEmR Poupgson—se =0.043; HEAR Psaasa—ase = 0. 000, Psyiyysoq 250, = 0. 027
HER Prossggsors—ss =0- 031 INEER Prosgose 50 = 0. 047 s IEZIR Prsasgias 50 =0- 035 IR R Prsaupsosan—son
=0.028; F AR Pisasason—son =0- 011, Pisyposg, 50, =0. 04),
2.1.2 ByMALRE 8 B MRREH M A B IR S B R L

B 8 BLHI 25% \50% Fl 75% TEAL I (9 3 ANEBE, S lir S AR S B S X AL ER B . Sd45
1525% J5 , A AR HERES B BETHE, #i45 50% 5 H AR S B BETHE;10d #ith 25% 5, SIER &2 B
EHE G 50% E AR SR EET &, Bl 15% 5 25 R L ER AR AR S B D& 15d #i4
25% J& , R IR S B BERER, 145 50% G AR & B BER, Bt 5% E HER S B BET R (K 3),

TEALEE 5d J5 , B 50% BOERREH I b RER A R AL RR 10 2 & BART 25% F175% ,10d J5 A B 7t , 15d
JG XARTF 25% M 75% . F 6 FhEZEME & BIE 3 MUGREZEFEREEZR (RLER Posiose—sm =
0. 023, Pyoggys00 59 =0.002; 22 Z IR P 1osizss—1sa = 0+ 028, Progggssor 750, =0. 046 HER P saskiasw—soo = 0- 027
gﬂﬁ@ﬁ P15d8ﬁ25%—75% =0.01, PlSdSﬁSO%—E% =0.022; E%ﬁ@ PlSdsﬁZS%—E% =0.048; %ﬁ@ P15d8ﬁ25%—50% =
0. 005, Pys4pnse 250 =0.013) ¢
2.1.3  BYMALTE 12 KSR Y R AR AL

B 12 A0H) 25% 50% 1 75% TEALBER) 3 AN Be S XS IRAR LG, AR M i S BRI S B2 R B . 5d 45
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branches were cut

x3 FHSHKMLEERRIMANLEREZNHESERNIETL
Table 3 Significant analysis and contents changes of some kinds of free amino acids in healthy needles after needles on eight and twelve

B 8 A needles were cut on 8 branches

Bt 12 4% needles were cut on 12 branches

SO 104 RAR IS4 SRMR SOERME 0 AREE 154 SRR
AR Incremental Incremental Incremental Incremental Incremental Incremental
Amino acids content in content in content in content in content in content in
S days 10 days 15 days 5 days 10 days 15 days
/(mg/g) /(mg/g) /(mg/g) /(mg/g) /(mg/g) /(mg/g)
REEABR 25% +0.0667 0 aAB +0.1333 +0.1334 +0.4* 0
ASP 50% -0.2333 +0.23 bA +0.0667 +0.1334 +0.3333 +0.0667
75% -0.1 +0.4 aB +0.1333 +0.1 +0.4333* +0.0667
2 AR SER 25% +0.433 -0.14 a 0 -0.0333 -1.1667 a* -0.3666
50% +0.3 -0.34 a -0.133 -0.0333 +0.1333b +0.0334
75% +0.567 -1.737 b** +0.067 -0.4666 0 be -0.4666
AEB GLU 25% +0.1333 a* +0.2267 +0.1 0 ab -0.2333 a +0.0333
50% +0.0666 b +0.2933 +0.1 -0.0333 a +0.0333 b +0.0667
75% +0.1 ab +0.1267 +0.1 +0.0667 b 0 ab +0.1
HAE®R GLY 25% +2.1667 * -0.1667 +0.0033 +0.1667 +1.1333* -0.1667
50% +2.0667 * +0.3666 0 -0.1333 +1.1333* 0
75% +1.3667 +1.1666 -0.0033 +0.1 +1.1666 * -0.1667
2 # B HIS 25% +0.1 +0.6667 a -0.0333 -0.0333 -0.1 0 aA
50% +0.1333 -0.1333 a 0 -0.1 -0.0667 +0.1 bAB =
75% +0.4 -0.0333 b +0.1667 * 0 -0.0667 +0.1667 bB
&M THR 25% +0.2667 +0.2 0 -0.1 -0.1334* +0.2333
50% -0.1333 -0.0667 -0.2* -0.1 -0.1334* -0.1667
75% -0.1 -0.1 -0.067 +0.1 -0.1334* +0.2333
2 =R 25% 0 -0.0666 -0.0334 +0.0333 -0.0666 -0.0333
CYS 50% 0 -0.1 -0.0334 -0.0667 -0.1333* +0.0333
75% -0.0333 -0.1333* 0 -0.0333 -0.1 +0.0333
AR TYR 25% +0.1 +0.08 +0.1 +0.1667 -0.1333 aAB -0.0667
50% -0.1667 +0.013* 0 +0.1667 +0.1 bA -0.2
75% -0.1667 -0.02* -0.0667 +0.2667 -0.1667¢ B -0.1667
HEB VAL 25% +0.0667 +0.3666 * -0.2333 -0.2667 * +0.3 0
50% 0 +0.1334 0 -0.2 +0.0667 0
75% 0 0 +0.0333 -0.2667 * +0.2334 +0.0333
AR LYS 25% -0.0666 -0.0666 -0.1667 -0.1 +0.0667 +0.4 A**
50% +0.1667 -0.1333 -0.0333 0 -0.0666 -0.0333 B
75% +0.1667 -0.1 +0.2333 -0.1667 +0.1 -0.0666 BC
FRAR 25% 0 0 -0.1667 a** +0.0334 +0.1 -0.0666
ILE 50% +0.1 +0.0667 0 ab -0.0333 -0.0333 -0.0666
75% +0.1 0 -0.033 b -0.0666 -0.0333 -0.0666
&M LEU 25% +0.2 -0.1333 +0.1 aA -0.1 -0.3333 +0.0334 ab
50% +0.0333 -0.1667 0 bB +0.1667 -0.0667 -0.2 a
75% +0.1333 -0.1333 -0.0667 bAB 0 -0.0667 +0.2334 b
EHEAR 25% +0.116 -1.8083 +0.6213 -0.5733 -2.1703 +1.506 A
PHE 50% -1.076 -1.2783 -1.06 +0.3237 -1.1756 -1.9003 B
75% +1.1707 -1.7466 -0.849 +1.731 +0.267 +1.7627 A
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25%J5 , WA S B RE T, 8405 75% Ja & B7E T FE; 10d #1455 25% J5 , RABRMHER S EBET
i, LR RIS BB E TR, 3 50% Ja H AR & B BE TR IR BEE IR & & BE K, 1
75% G RARRMHER S BEBET & AR S B L E K 15d it 25% FEAR S B EEZ TR, b
50% JR HAM S BBET R (£3).

M RERI & RIE 3 MR EZRFFEFEREES (ZEAR Prosiogasa—son =0- 019, Piogiagase, a0
=0. 03; A &R Psapson—sa = 0- 017, Progiapasa—soe = 0. 0353 HAR Pisaposa—son = 0- 04, Pisapposa 150 =
0. 004 ; g2 R Proqgsa—son = 0- 017, Progiaggson—as% = 0. 009, Piogiogase —sse, = 0. 046 R R Pisqoposa—son =
0.003, Pisqapaser—rsa =0- 002; S &R Pisaoprson—sa = 0. 023; EHNER Pisioposa—son = 0- 009, Pisyiopson—7s0 =
0.006)

FEAHRIAS [E] P, X BY I 4 4%.8 e 12 Bkt M N ilF s R IR 1 & B kAT 2 57 BE R, 45 R BR 3 4>
BYM-AbH 2 ] 22 A B (P >0.05) o
2.2 VEMIATBHIE 4 BO AT IR R AR & B R

I PAE LR 4 B 25% \50% \75% J5 5%t AR EbAT T NS R AR S B ER B, Sd R S50%
G, NER BEREG B EE T WA 5% FHRRS BTG, SE R & B 10d A 25% J5 , NER&
BRERER, A 75% 5 28R & B BEFR ENERTBEET&;15d A 50% 5, HARMENER
SREEN R, HEARSEEERME ME 52 G HEAR KERSBEZERRK, FMEREERENS
(£4),

F4 EMMERRRIERHHAZREEZNFESERNIERTL
Table 4  Significant analysis and contents of some free amino acids in healthy needles on four branches after feeded by larvae of

Dendrolimus superans

5dEHEE SRR 10d ¥y i R 15d P35 it R
RIER Average content Incremental Average content Incremental Average content Incremental
Amino acids in 5 days content in 10 days content in 15 days content
/(mg/g) /(mg/g) /(mg/g) /(mg/g) /(mg/g) /(mg/g)
RKAZR 25% 1.4667 +0.2334 0.8333 -0.3334 1.3307ab -0.003
ASP 50% 1.4667 +0.2334 1.4333 +0.2666 1.1667a -0.167
75% 1. 1000 -0.1333 1.2333 +0. 0666 1.5667b +0.233
X Hg CK 1.2333 1.1667 1.3337
2 Z % SER 25% 2.2667 -0.2666 2.6000a +0.1333 1.9000 -0.9
50% 2.2000 -0.333 2.7667a +0.3 2.4000 -0.4
75% 1.3000 -1.233 1.2000b* -1.2667 2.7333 -0.0667
X Hg CK 2.5330 2.4667 2.8000
AAM GLU 25% 0.3667 -0.0666 0.4333 +0.0333 0.2000a -0.0667
50% 0.3333 -0.1 0.3667 -0.0333 0.4333b +0. 1666
75% 1.3000 +0. 8667 0.4667 +0.0667 0.4333b +0. 1666
X Hg CK 0.4333 0.4000 0.2667
HAE®R GLY 25% 2.1000 -0.3 1.9667 +0.7 1.1667 -1.3333
50% 2.0333 -0.3667 2.2667 +1.0 2.5000 0
75% 1.2000 -1.2 1.1667 -0.1 0.8333* -1.6667
X Hg CK 2.4000 1.2667 2.5000
2 # B HIS 25% 0.2000 +0.0667 0.2667 +0.0667 0. 1000 -0.0333
50% 0. 1667 +0.0334 0.2333 +0.0333 0.2000 * +0.0667
75% 0.2667 * +0.1334 0.4333 +0.2333 0. 1000 -0.0333
X Hg CK 0.1333 0.2000 0.1333
A ARG 25% 0. 1667 +0.0334 0.1333 +0.0333 0. 1000 -0.0667
50% 0.2333 +0.1 0. 1000 0 0.0000 ** -0.1667
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EsS
5dEHEE SRR 10d ¥y i 15d P35 it R
RIER Average content Incremental Average content R Average content Incremental
Amino acids in 5 days content in 10 days Incremental in 15 days content
/(mg/g) /(mg/) / (/) eoment /(mg/g) /(mg/)
75% 0.2333 +0.1 0.0333 -0.0667 0.0000 ** -0.1667
X CK 0.1333 0. 1000 0.1667
&M THR 25% 0.3333a +0.1666 0. 1000 -0.0667 0.2000 -0.1333
50% 0.0000b -0.1667 0.1333 -0.0334 0.0333 -0.3
75% 0.3000a +0.1333 0.2667 +0.1 0.1333 -0.2
X CK 0. 1667 0.1667 0.3333
AR ALA 25% 0. 1667 -0.3333 0.1000a* -0.2333 0. 0667 -0.1666
50% 0.0667 * -0.4333 0.4000b +0.0667 0.2000 -0.0333
75% 0.2333 -0.2667 0.2000b -0.1333 0. 5000 +0.2667
X CK 0. 5000 0.3333 0.2333
AR 25% 0. 1000 0 0. 1000 -0.0333 0.1000a +0.0334
CYS 50% 0.2000 +0.1 0.2000 +0.0667 0.2333b +0. 1666
75% 0.1333 +0.0333 0.2667 +0.1334 0.3000ab * +0.2333
X Hg CK 0. 1000 0.1333 0. 0667
R VAL 25% 0.3000A -0.1 0.1333 +0.1 0.2000 -0.1
50% 0.0667B ** -0.3333 0.3000 +0.2667 0.2000 -0.1
75% 0.1667AB* -0.2333 0.3667 +0.3334 0.3333 +0.0333
X Hg CK 0.4000 0.0333 0.3000
AR LYS 25% 0.2667 -0.0333 0.1000a -0.1333 0.4000 +0.1667
50% 0. 0667 -0.2333 0.3000ab +0.0667 0.2667 +0.0334
75% 0.1333 -0.1667 0.4000a +0.1667 0.4000 +0.1667
X Hg CK 0.3000 0.2333 0.2333
EREAR 25% 483.9000a +145 494. 0000 +65.17 398.0700 +123.17
PHE 50% 271.9700b -66.93 591.6700 +162.84 545.2000 * +270.3
75% 321.8000ab -17.1 633.2300 * +204.4 496.2300 +221.33
X Hg CK 338.9000 428. 8300 274.9000

%ﬁﬁ%@%ﬁ%ﬁ 3 %EXQ‘EJEZIE%E%E%( 3&5&5@3‘3 P15d41§50%—75% =0.03 92—9-%@ P10d41§25%—75% =
0.048 vP10d4$§50%—75% =0.032; A= P15d41&25%—50% =0.041 ’P15d41|§25%—75% =0.041; 7 &R P5d4$§25%—50% =0.015,
Psqupisosn—aso =0.022 ; &R Prowssasso—son =0- 029, Pisypsa—asa =0.04; LA P sugosa—59 =0.032;; BB
Ps s —so0 =0.009 s AR Proaspiase—se =0.029 SRR R Psyposon—son =0. 028),

2.3 By ERMALNB R EUR 4 BUE S E R IMEREET T R B R & B LR

BYnt 4 4% 15d J5 R HBE 4 £ 5d J5, #i01 25% 5 50% Z M EERE S RERBE (P <0.05) , HAgRs
WP AR B & B kAR, B 10d J5 8 & BB , PR LB G S0% J5 , ¢t N B 2R S &
BERT R B SR R, AR AR EERE ST ER T A A FZRERARE (B 1), PifikH
Zlfﬂ;ﬁ 8 ﬁﬁ%ﬁg@ﬁﬁigﬁﬁ(ﬁﬁgﬁ P5d4ms% =0. 017;%\'%@ P10d41&‘75% =0. 006 5 ﬁﬁﬁﬁ Psmms% =
0.009, Psype500. =0.009, Psypirs0, =0.000, Pogupsor, =0. 027, Psgppersq, =0.0438; 0 R Psgpnse, =0.018; & BR
Psapgson =0.005 s e R Prougrse =0. 024, Pisypsoq, =0. 033, Pisiprsg, =0.006; =R Proaspse =0. 0155 S
WA P10d41|§75% =0.027) (& 2).

3 g

MR R BRI PAGE TR, AF TRV R R B E SR 1 B E T RO ERALT & i

PERRFIAM R MR AR R B K R E T LT M E R Rz —, Houh B S E R RO T BT
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Fig.1 Total contents changes of free amino acids in healthy needles after needles on four branches were cut or larva feeding
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Fig.2 Contents comparisons of free amino acids in healthy needles after needles on four branches were cut and larva feeding
I :5d J539M25% 54 gy ; 1 :5d J5 3T 50% 54 i gr; I -5d J5 39 M 75% 5 4 R ; IV . 10d J5 B - 50% 5 4 Bl g5 V . 10d J5
By 75% S d e VI 15d J539 0 50% 54 d e ; VI 15d J5 39t 75% S4h i

ERABRIOFIA LR,

TYITE B SR FTEZ AU 15 BM & vk Sy B e 5 7 BRI B B A o s D B %
FIE A YR A B S B, TN B A S B R R A RS B E T, A2 B s T i
HE IR AR B A T i ( Dendrolimus puncatus ) BUEL 5 , 78S B 2L R 4 B W1 S0 WA, S0 o 3 o i
BRRE BT A BELM T 43R @ xt s NERR S DEMBRAERETRRIOTIR,
IHE RN EEARAESBOBERENH DRMEBIAERKETRE 1.8 2 RAET. 50 sR R
BB 4 K 15d J5 , 42 TE AR A R L E IR 28R HER AER BER SER NER HE
BB & BRI AR T HGaE, S amiR RN AR S BI . BT DU, t T %% 7%
HFASE I P 45 R S BRI A8 fh s L LU 91 ) S A6 , B0 T B BT 3 75 37 AR A3 1 B4, e 9 A B o
A K ST E — S BRIV . BT 4 BB 50% AL FE 15d 5 , M4 ZevE i RME A R TR BRI & B &
T BB HL3E A0 T 36.6% , B HURUE 4 A% 50% 15d J5 i AT P O TR R BRI ik 98.3% o 4% Behmer™ 4%
B, ENE BRI 4 SR, TR A AR AT YR K BORY B 5 B H A RR E
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NRABITIEH , XN ARG AR HIER LA F R BENRELEY ARR FEEFREY R, X 2
B A DAY BI R Ry IR E R YN E A EZ B BT iR R R AR R IR
BT HEBIH RS

4 5.8 £0.12 B3 MBI R B fE il AR S BT R E 25, UL BY I 4 B R REEE T 9% i O Tt
SR, BB BT B B 4 Bk 15d J5 , #1455 25% 5 50% Z 16 B B AR & B E R B BE K
(P <0.05) , B 455 50% J& , £t P R R 5 2 il 1) 6 Sl iR BEBER , #3003 25% 1 75% AR B/ X 2
YR IE AEY TSI R AR T E RS, PR THUMEBR ™, BEE R B A 16, B VR 43
TR BE L — 2 R, B LA 5 50% 1 M N B ZE RS AL IR BEHE 25% WA R o AR T — ELAE ARSI — 8 B B fEL,
VU 0 P BE R BEA A B BB Xk S0 B R B B A AR, A 75% L & BOUCE T REAR . BRECR
4 £5d Ja , BUR 25% 5 50% 2 (6] S B AR & B AR X B B E 225 (P <0.05) o UEMATETHEBY M5 15
5 R BB EY TS R R, DA B R ELE SRR

AFRIREETY AL T 4 BUR BER S &R MZEWER SR ERE 4 BUa @RER L &' ML —3, 7EL
HI1dEREABRHEE, ARINAFEERS TES T AH , AETBEERAEE, MUKIKKRS
RAEVPSBI PR . KA 8 Fhilr S A ARL AR A AR HER AR JHER ERER .
BRI B RS B2 5 B, UL PP IR 7 2CAR AT o v P IUE SR 3R 07 T o) e R B R A f
#, HEAE TR E TR
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