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Abstract: To investigate the variation characteristics of needle volatile components in seedlings from drought-resistant
and drought-sensitive Pinus massoniana families under drought stress, this study used solid-phase microextraction-gas
chromatography-mass spectrometry to determine the components and relative contents of needle volatiles in drought-
resistant and drought-sensitive P. massoniana seedlings at different stages (normal cultivation, mild drought, severe
drought, and drought rewatering). The results were as follows: (1) Sixteen kinds of volatile components from pine
needles of P. massoniana seedlings were detected and identified, including five monoterpenes ( a-pinene, B-pinene,
myrcene, limonene, and terpinolene ), nine sesquiterpenes ( y-elemene, copaene, B-elemene, longipinene,
caryophyllene, humulene, a-muurolene, 7y-muurolene, and 8-cadinene) and two esters (linalyl formate and bornyl
acetate). (2) The components of needle volatiles in seedlings of drought-sensitive and drought-resistant P. massoniana
families were basically the same, mainly composed of monoterpenes and sesquiterpenes; the compounds with relatively
high relative contents included a-pinene, B-pinene, caryophyllene, etc., in which there is no significant difference in
the relative contents of the main components (relative content greater than 1%). (3) Under mild drought stress, the
relative contents of monoterpene components in needle volatiles of sensitive families decreased sharply, and the relative
contents of a-pinene and B-pinene decreased from 39.671% and 14.383% in the unstressed state to 16.855% and
5.048% , respectively; under drought stress, the relative contents of monoterpenes in needle volatives of drought-resistant
families decreased (the decline range was much smaller than that of drought-sensitive families), and the relative
contents of monoterpenes increased after drought rewatering, tending to return to the state without drought stress. (4)
The relative contents of volatile components in pine needles of drought-resistant P. massoniana seedlings changed little
under drought stress, while those of volatile components of pine needles of drought-sensitive P. massoniana seedlings
changed sharply in the early stage of drought to adapt to external stress; the response of monoterpene components (-
pinene and B-pinene) in needles to drought stress was the most significant difference between sensitive and drought-
resistant families. This study laid a foundation for the study of the mechanism of P. massoniana needle volatiles in
response to drought stress, and provided ideas for P. massoniana drought resistance breeding.

Key words: Pinus massoniana, drought stress, volatiles, component, relative content

46 ¥

LN ( Pinus massoniana) &= 120 T3
T 75 RO A RS i e P AR b, BAT 3 A R it
ORS00 BREPE 78 Tl FORF AR o T AR AR
IR R JE S A IR 55 e b BoA A TR 1
(M, 2015; B FHEAE,2018) , fE A SR E
B Z —, TV IR 2R S 2 XU 3 45 LR
MZRGAE R, 45 ) th B RE T 1 5 25 20 A AN 13 1 1
L, DT BRI 35 P T 5 S 09 W (25 o
45,2009 5 4B UARSE,2019) o T BN £3 7™ H AR
I R FA B3 ARG A, S BOR B HORE T, R E
RILTEIUR b 25 10 35 5 LR Y 2R A R
Ih e F i) iU ) B A 9 — 20 5 e AR Tl
5 ARSI S5 55 5 T D RE K4

H A, A 98 A 506 5 B A i Bt 2 i 5 2 U
T W RS Ty ) B TR OGS R R
PRAEAR AWy s Pk i i A OC A, TE S R

N Na e L i TR RN AR E EZ R ey 7 SIS
B AOG A RRE M AR S BEER AR AR L I E T IR A
Bt Do G R KA ZEB A, L
RO IR G N R S AR R
AT 00 T 1 TR a0 0 T R b B A AR EAR Y
R, R PR A I R A B T 5 AR B B L T R
s ( Fhfis %2018 WML S | 2020 X5 55 75 4%,
2020; 5 4 XUAF,2021) o 7EAE W 454 it T, B
FRAL X I A VA B 5 68 1 9 02 32 6 J1 5 WL g
OB FT IS, TR AR B 6 38 1 R R AR R I ok
Gy FFRST I BE 7 VRV AR AR PN 9 3T A 55 ik
7, ANRE SR ARNILRE, A S BRI
MR AL TR B R U (B2 5E,2019; £ 2
BAEDE 2021 25804, 2022)  ILAN, BFSE N B
T B 3 T R 6 RN R 6 X A ] AR ()
45 2010 ;8304 2021) FIAS R R 2 (kB RS



78 I BRAE . AN TR 528 FE AN K 2 40y v B I % A 2 20 ek~ 5 £ o i 1103

2017 ; JHAE RR A5, 20185 58T 45 2018 ) (9 Ty R #
PEAT T O R PR RE VRO, i 28 T M R A I R
PSR IR , ARTT TEPT IR bR p 45 b 2B 5
AOOCTE . — B D B A B b, B = X 248 AR 2 &
7 S AR AR A SRR B TR A4 A, M LA 4 T E A
MY B BARRI PR RE T

FERVEV O AR K R P B B — 2l
GV, HE AT DL o R A R ) R e Ak
2 OR X A T AE W ECIE AR Y i SRR PEY)
|G R (€ S &/ 2 A < 9 L IR - -
( Cinnamomum camphora) 21 i 52 2|+ 2 Wria f5 , H
PR YRR RS I (R, 2012) , KL
( Rosmarinus officinalis) 52 3| 1 5 38 J5 4 Hr (4 44
RYIE W, I B4 & W) Bl T B (X5 4%,
2014) , HEWS ( Betula pendula) 5% 2|+ 2 Wi J5 &
FEIN =PRI R A BT (W B I Ak R, 2022)
Ih B ML 25 755 I 45 8 W 18 AR G 5 B LA e iz T
0, SO RTT SRS (2017) WEFE R, T R AL
LH 2 BT A JE B B S AL W A
B ERRAR S BT A5 2 S WA R
0 SE T BB AR, AN R 5 AL T R AATE T
S0 L R AT A RN AR PR AR A AR 25 = (T
#E,2021) HIE AT 20 B BN K R HITE T
B30 3 R P AR W A R A R 1 R B R E

AW SE AT 5 B R T 5 AU P R B A K
F A R, T8 A AR T A IR SORE 6 -
e H (SPME-GC-MS) 73 1) 3 $t 5 5 11 - 5 i gk il
DREMEEAFTRBE N (EFEE BET
O R T RAK) B YR o FIA
XF AT AR LA R [, (1) SRS
BT A A SRS R (2) AN R 52280 ) RR A 5K
4B AT AR R e T SR A 25 5 (3) Bt
PR YR DR ETR AR AR T AT, AFR
TER B A PUVE E B Kbt 5010 3B 5 32 it B0
S,

1 #H 57 *

1.1 iR 5 LR

IR L T PR R B IR OO B2 B 5 B
B KM, 2 X e b B AR AR O 108° 207 32—
108°21'10"E,22°50'22"—22°50"40"N, #§4& 80 m,
J& T A 2 KU AR AR 21.6 °C L AR

PIRE N 80% , WZ= B E R S—9 H,2FE
FAERTE 10 A ZRAE 4 A (FE#E%: 2020)
1.2 iR

TR A 4 vl e 5 &R Tk R 4
(TEHESE,2020) , FiiE S BN S PR R R 19—
242 FIT R HUBI K R 19-223 1E i+ K,
1.3 iR %
1.3.1 X% 1 FADRWINBREFTN
B AP A G BN D BT B0 £ (W1
pH {8 5.14, HHFEK %K 29.59%) , T F il 5
FHIRRTIEH oK S8, AR 1A TR IR A
PERFEAEROIR O R A 3538 57 1 1 B sk AL A
BERIDEMRR [ 1544 RN (55+5) cm, b
&M (5.3£0.5) mm] 4% 36 ¥k, SR HIREHLX 41050
Wit B 3 NREALIX AL, FEAL 45 12 DAk, X
WA g T 2%, E T 243 0,10 d
15 d B L BEAEXS & K 4351 h 76.3% .57.5% il
30.8% , 50 )BT IEH ¥ H (75% ~80% ,CK) , 12 JiE
T 5 (55% ~ 60% , mild drought, MD) I 5 & + 5
(30% ~35% ,severe drought,SD) ,7£ T 24 F 15 d
Ja AT 2K ZIR IR G 48 h T2 Z 7K (drought
rewatering, RW) (VEJE,2021) , 43 5 7E 31X 4 A~ B) 8]
UG & A HE AT R WAL Ay A R
M,
1.3.2 4tet 32 2 4h 5 54 K SPME-GC-MS
X T I 2 0 B A A W 2E B SRR o R R AT
(EH4,2020) , BOHFACBE R (9 3 #R 4B EFT,
RA B EFRIL0.50 ¢ i E T 10 mL T2,
PG £ 1 JC /K B R B (T 48500 ), 4 A & 1k b 31
J5 ) SPME # B3k, 78 75 °C fH IR 7 88 N A HL 15
min )5, 7£ Bruker <A €8 3% = F PU B FF BT 3% AL
(SCION SQ-TQ) " f# Hr 3 min J& #£ 1T GC-MS 43
Br, BAAbEE 3 RE S, A EE SR BT HR
TiERTEI AR IR E 40 °C TAEFF S min, ZJ5 LA S
C « min" B I E T E 150 C, HLL2 C -
min” i THEHEE T2 160 C S AL 10 °C - min™
) FH IR 3 T % 250 C IS R FF 5 min, 3R A
DB-5 B (30 m x 0.32 mm X 0.25 um) , K
W& A S KA RS (FID) |, #Sh m a2
(99.999% ) , AN G3 i, 3 FE 1 FIRS I 45 5 B2 35 Oy
250 °C, HEHIE N 49.5 Pa, W E N 1 mL -
min", JURESME. BT E IR EL BT REE N
70 eV, B FIREEE K 250 °C,#E DR FE N 250 °C



1104 |1 I G/

46 ¥

R h 40 ~ 450, A EIFF N 0.5 s,
i A 35 B R 46 min,
1.4 ¥R

T R AR T S R S NIST B8 15 b
HE S Fe X, I 45 A A 56 SClk X & i 45 % P 41 5y
PEAT 52 PR A0 AT (IR BRE 55, 2021) SR T AL —
AL XTS5 R W 41 4 AT 8 R 43 HT, dEa IBM
SPSS 25 #AFHAT ST FEAS ¢ K3 Je 7 255007, R
H Origin 8.5 #fh2z1 ,

2 R E M

2.1 $THEZ WA D 57

i SPME-GC-MS A& 15 B AR &1 45 % 9 1k
2L R AVRR X B i A5 AR AN R 1 s, R A
Yoo S RN A AT T R ALy 16 B, L
W25 5 A (a-TR M B-TR MG\ H HEM FriEss | 2
W) BB 9 Bl (y-HEF I WIUG g1
W A AT HERE | o BE I - IR
S-MAN ) BRI 43 2 i (W R D5 FE IR L & R e ik
i) . RETFALPE(CK) BT 58U J o 7 Al
I AN R R BT 4 R 0 A 53 TORE R 1
21, DRANER I & ) 3 R RS AR 2w AL
B (AR KT 80% ), Ho A AR X B i e e i AL
I a-TRHME (29 40%) MR S i m AL A B-
TR AR AT RS o BE RS, TR
TR TN T R R R R I E A Ay A —
HOMPEMERE M ERY D oIRGB A
Vi AN B g s T T R USRI R R, TR
BRI Z G Y h B-UR M L H R B AR X
W TP RAR R, MSIFEA 50 EoR , Rt
BRI ZRE 0 2 e IR A B s T
BHUBR R RSN, RSN ER AR E,
2.2 FE a3t 8 % 9189 220
221 TF gt T FHEA R ZA4THELA DN
Froe B2 B TSR R By B 5 s A
FE T B R YA & B AR, 7R
CKARAET, &1 B-IR I (A X & i B & & T
MD . SD 1 RW; 7£ MD RE T, £ it b a-JR I 14 48
XFEr i B E LT CK . SD #l RW, B-HE 7 M | - #)
Wi Ly -TEE 0% R S-AE FA M AR T A Y B T
CK.SD #l RW; 7E SD IR, £ ik v g 477 0 A4
UGRS3 S T CKG TE RW IR,

FEup e A AR B 2 T CK R MDD, 7R
MD AT, TRBURBI R R E I o855 B-
TR S BRLE 2H 43 I AR X B i SR R R, B M
ATVT W | oo W I |y - TEE A0 045 TR O A4 55 A3 > s
MW EREE B, FET5E 2 SDRE
I o PR M 1Y AH XS 5 1 FF 4 b, B-T M i AH X B
SRS T B, A A M R B0 P AR O e
Tb B oo BE B I |y -BE By MR A S-AL A I 1Y AH
XEmIFH TR, 4R TREEKE RWRE
T, TSRO By R AN G R FE A R AR R
TR SDRETFTHERAEE,
222 FFiasfin FA R 24T EL R a
Kl 3 R TR T 2 Bt R R R FE
BYWHE R P ARRT S ARG L, #E CKORATT,
Er b - B-UR s B AH X B 1 34 B 2 T MD
F1SD, oo M AR AT 5 i 0 35 8 T RW, A AT
TR B 05 B A G R 2 B 3 IKT MD . SD Fl RW,
S-FERAM AR X 75 &t |2 & (K T MD A1 SD, £ MD
RET PR AR R B E T a-J- 6 B B-TR M 55
PR ZH A3 AR T B B TR B A T R R
S-FERMG S A 2 o B AR N B A T BT RE
LT E SDORAEE, 45 B A48 K AL o A X
RN AK, 5 MDIRE TR A R,
GRTREFEEKERWREF IR D EMK
FRETMAE R YD a-IR M | B-TR M 55 B 2H 43 1 AR
X A BT AT R | o-BE R 8-k
I S A e il 28 53 B AR 5 A BT R B
223 FRFHBARFRFAR Z T F i 6t
Aot AR R Mo ey £ % XF H T R AU R
I R WA TR 2R Wy A R X 5 b A i T A R )
A 2 TR, Y2 BT A e, MER R Y
FERN P T M 5 R W) A 5 FE AR N A AER AR
AR AR A, SR B R B 2 43 i AR R
S N Y A NN EPO R el e S E e
FHURA G R AE MD RN B 4 o o 2 T R, H
o JR M IR A CKORAS T Y 39.671% F
P2 16.855% ,B-IR M I AHXT & & i CKARET B
14.383% FFEZE 5.048% , VIR BIK RE T 2 hiE
RGN SR SN S (P s o A 2
o -TRE AT & B CKOIRZS T 1Y 45.598% F
M2 35.111% ,B-IR M I AHXT & & il CKARET 1
10.518% FFEZE 4.776% , FFs: T2 2 SD R,
T R R FR B I e v B AR G B e



7 I BRAE . AN TR 528 FE AN K 2 40y v B I % A 2 20 ek~ 5 £ o i 1105

®1 DERHEHMHELZMASKREANSE

Table 1 Components and relative contents of volatiles from needles of Pinus massoniana seedlings
AR 5
o) P e Relative content ( %)
No. Component Molecular formula e e
Drought-Sensitive type Drought-resistant type
1 a-JR a-pinene C,oHy 39.670+3.608a 45.598+6.283a
2 B-VE % B-pinene C,Hy 14.380+4.039a 10.518+3.337a
3 A H:% Myrcene CoHy, 1.876+1.002a 1.026+0.114a
4 FFEBEH Limonene CoHg 2.856+1.753a 5.030£0.950a
5 SEFM M Terpinolene CoHy, 0.625+0.219a 0.679+0.074a
6 PR 5 % i Linalyl formate C, H,0, 2.380+1.348a 0.274+0.134a
7 L TRIE NG Bornyl acetate C,,H,,0, 0.792+0.371b 1.924+0.497a
8 y-Hi# ks y-elemene CsH,, 1.019+0.107a 0.485+0.317a
9 MU Copaene C,sH,, 0.437+0.291a 0.400+0.160a
10 BT M B-elemene CysH,, 2.138+0.690a 1.232+0.739a
11 K4 Longipinene CH,, 0.466+0.140a 0.551£0.243a
12 L1 Caryophyllene CsH,, 10.467+2.567a 14.255+2.928a
13 HEH% Humulene CsH,y, 3.126+1.343a 4.539+1.808a
14 a-EE A a-muurolene CysH,, 4.152+1.829a 4.930+1.749a
15 y-FEH% y-muurolene CsH,y, 0.838+0.770a 0.162+0.156a
16 S-FE AN 8-cadinene CsHy, 2.010+0.823a 1.161+0.860a

T AR B R IRTE 0.05 K P EFARE,

Note: The same letters indicate no significant differences at 0.05 level.
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Fig. 1 SPME-GC-MS ion chromatogram of needle volatiles
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for normal cultivation, mild drought, severe drought, and drought rewaterings respectively, the same below.
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Fig. 2 Effects of drought stress on main needle volatiles in drought-sensitive families
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Fig. 3 Effects of drought stress on main needle volatiles in drought-resistant families
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