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Effects of UV-B Radiation on the Release of Volatile Organic Compounds in Quercus mongolica

LI De-wen' DU Dan-dan' , YU Li-li' et al (1. Key Laboratory of Forest Plant Ecology, Ministry of Education, Northeast Forestry Univer-
sity, Harbin,Heilongjiang 150040; 2. Forestry College, Northeast Forestry University, Harbin, Heilongjiang 150040)

Abstract

compounds (VOCs) and photosynthetic physiological characteristics of Quercus mongolica in northeast China, so as to provide basic data for

[ Objective ] To find out the effect of environmental ultraviolet-B (UV-B) radiation intensity on the emission rate of volatile organic

the directional cultivation, the regulation of atmospheric environmental quality and the establishment of related prediction model of QM.
[ Method ] The five-year-old QM was taken as the research object,on the basis of natural light,adding 3 intensity UV-B radiation treatments of
0 (CK), 1.40 (TI) and 2.80 kJ/(m? + d) (T2), the thermal decomposition gas chromatography-mass spectrometry ( GC-MS) technique
was used to determine the emission rate of QM isoprene and monoterpenes, combined with leaf gas exchange parameters, chlorophyll fluores-
cence parameters, photosynthetic pigment content, phenylalanine aminolytic enzyme (PAL) activity and secondary metabolite content were
analyzed and correlated. [ Result ]| With the increase of UV-B radiation intensity, isoprene emission rate of QM decreased significantly, and
monoterpene emission rate increased significantly (P<0.05) ; enhanced UV-B radiation significantly reduced net photosynthetic rate (P, ) of
QM leaves, intercellular carbon dioxide concentration was increase (C;), transpiration rate (7,) increased under low intensity UV-B radia-
tion, and decreased under high intensity UV-B radiation (P <0.05), UV-B radiation had no significant effect on stomatal conductance (G, )
(P <0.05). Under UV-B radiation, the chlorophyll fluorescence parameters, chlorophyll contents, PAL activity and flavonoid contents de-
creased significantly, while carotenoid (Car) content increased significantly (P <0.05). The contents of chlorogenic acid, aucubin and geni-
poside in some secondary metabolites of QM leaves were significantly increased by enhanced UV-B radiation, the contents of chlorogenic acid
and aucubin were the highest in T2 treatment group (4.84 and 84.75 ug/g, respectively), and geniposide was the highest in T1 treatment
group (7.44 pg/g). The results of correlation analysis showed that; there was a significant or extremely significant positive correlation be-
w, ®CI), P,, PAL activity, flavone, tannin and polyphenol contents, «- pinene was
P, and Chl (P<0.01), B- pinene was positively correlated with Chl and negatively correlated with PAL ac-
tivity (P<0.05). [ Conclusion]Enhanced UV-B radiation could increase the emission rate of monoterpenes from QM leaves, reduce isoprene

tween isoprene emission rate of QM leaves and F /F
negatively correlated with F,/F

m

emission rate, photosynthetic rate and total amounts of secondary metabolites, and change VOCs composition characteristics of trees.

Key words Quercus mongolica ; UV-B radiation ; Volatile organic compounds ( VOCs) ; Photosynthesis ; Secondary metabolites
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3R A5 B T4 UE ST, H A TA R 2 T K A 2 BRI IR 0]
BB AT NS R AR A S R G P A R R T, R 5
FEFIZR S 2IE0AT LUK, T 2 SR AR VR BE I 1 T IR B
FLAZREEAT L 20 e 70 AR, HASR L A4F Nt xfE L
TP BFFE R MG UV-B 585 RS0 R A 24141
AN SRR IE A5 5 454, SBOC AR T . UV-B
AT SR N 2R A 2 i ( PAL) Fils /R 5 UG ( CHS) 541
WUR A A AR ) G SRS 1 S 3 PR R AR Ak, E AT R IR
AARI = (AN BT 2 RN By 2 A Ak G ) & i, BRAP UV
s A0 E N . BAh, B Y UV -B 48 5 ] ik
FIETRARIE , PS5 A B 8 AR S kT
SR A A ZE AR R L i T VOCs 1 4
BRI, FH i SR 52 B A% UV-B 4
SRS SR HETRIECR 209 6T UV-B FE i
FEASAL XA VOCs B IS 45 I A —30

5% 1% ( Quercus mongolica) , XFRFEAR FER, o EZK
RO Fh 23R ERAT M DX 95 i iR R TR 3SR 32
FRRR R B XUBR 2K R FE AR B B ARG BL R
Bl ZEFR [ Z A T ARG IX eI IX . mrImsT & B
STERGIR BB T E A VOCs HERGHE 2R 2 5 TARA
SRS B AR, H L VOCs HE 3 5 R 41 % 32 24558 5% 1) ik
FU L ISR ORI G, SR FER B R, 1
AT SN 3% - BT (GC—MS) 5 I H AR X 5 AR 7
S5 R A ST A HE G R T I R , 25 5 AR e e 2
B M REIOCSE NG OER ST RN A R (PAL)
TR AR = & T A UV-B SR g i as it 81y
R VOCs HEBGE M2 ma AL, DU RS B
TR 5 A DG TR AR (1 i Sy R S A B
1 #R5FH&®
L1 X588t 50T 2018 4 9 HAEARJUbll K 2= ZR kA
WA AR E TR 2 SR = S R N AT, TE X 60 BRA< A
—HRE 2 1 m By 5 AEAESENERBENL o 3 4, B4 20
B, TE FAREIRIERS b ARGk, T3 hN 0 k)/ (m®-d)
(CK) JXT AR . 1.40 kJ/(m’-d) (T1) F12. 80 kJ/(m*-d) (T2)
3AANIREE UV-B i Ab3 . UV-B 5 b H5E i B AE A8
R EJr ey UV=-B AT 7 42 (280 ~ 320 nm, 40 W, 4t 50 H OB
WE5EIT) 4 H AL BT [A] 24 09:00—16:00, UV-B & 4155 J&
I AvaSpec 2048-2( Avantes BV 104 22 ) AT AE .
Rb PRI R) H R B PRUEK 43 FRAMIEN o ARFE T d S E AR
Pk VOCs BERGHAE , I35 HURE PR T 0 56 4 R I 19 A AR B
Ko W4 RN — BN F, T 45 T A BRR AR, R Ab B
FEPLEEE 3 IREH .
1.2 VOCs HERURZRRNE PR R SR I 5
BRI AT VOCs IR R QC— 1B AU ACRAEAL (AL
57 SRS RLEEA T ) 3 R AR P 3l 45 T s A X

R 1] BHER A B 0 A 34T VOCs BYRAE . RSB
0.5 m’ SR A 200 mL/min, RAERS ]2 5 min, 4351 T
HHJE 0,30 min RESIRFEN . AR BIH AT Tenax-TA
AN IR Y, SR AR FE LT, SR AR U 50 mL/min
(R 2 EUSAE 280 C R &4k 1 hy FESCREE)S, 57 B ] 52
= AT TN E o

K Tekmar 6000 B AT ( Dohrmann , 3 [# ) #F 74
i AT , BT 2502 225 °C T JBEBE 20 min, — YR ¥4 B I BE
165 °C,240 °CF ZyBifft 4 min, — WA BHEE 150 C, —k
Y BFERETR EE 225 °Co SR TR HAX (GC-MS, QP2010
Ultra %1, H A B30 7)) #EFT VOCs B8 1 K g BT, il
Hik DB-624(30 mx 1. 8 wmx0. 32 mm) , 2 &4l He <, 1
ik 1.5 mL/ming B 57 THE A 14 IR R 50 °C L 45588
5 min, L 15 C/min THEZE 250 C {38 5 min; B T IRIEE .
200 °C, #z FIREE :250 °C, YERE IR 1180 °C . VOCs Frifi
Wg3KF Sigma /3w, SR T 99.99%, RFE 544 M R cAE
60 C AT EfE R, FRi T8, B s Jr it &
A YRETGE A pe/ (g - h) ],
1.3 SHLHSHHNERTEXRAEERSHNITE T
R 09:30—11:00, 3R I Li- 6400 %44 #2205 548, fi A
6400-02BLED St i, 7 < i ( Tair) 25 °C, A %+ 3% 2 (RH)
60% ,CO, ¥ i 3k 400 pwmol/mol , 3¢ 4 A5 % 4 4 ( PAR) Fy
800 pmol/mol (1) 7% I (A R o G R (P,) |
SALTRE(G,) M CO, MREE(C,) KZEMEHAR(T,) , FH4& I
HEIRFE 1O A EK R RCR (k) (R R IE%K
[ (pmol/ (m” « s) TR ALBR A

KA RIHRCR(WUE)= P, /T, 5

MR RSCE(CE)=P,/C,;

SALRHIME(L)= 1-C/C,,C, 7 400 wmol/mol ,
L4 MEEERSHHME 2% Cen 2" Jrik, RINME
#5x0 PAM=-2500 483 900 E M R DO S 4, BAR D
BE R AEAE AR R 53 N 20 min Ji5 0 530 LIRS R 1 85/
YH(F,y) BRIGTE 0.6 s IiF % i 8 000 wmol/ (m” +s) A5,
o ) e AP S A ot A 2 R AZ A QA DT 108 578 3 o PR 24
TR IE(F,) 5 TR 600 pmol/ (m’ - s) ], ffi
FOCEEHR RS IC A TRETO(F,) TR K
#8000 pwmol/ (m*+ s),0.6 s iR kTN F,”, KMk
DG ATIFELTN, 20 8 s Ja K 158/ MOk F' o fdi it
TP HEA ) 22 R DR, A R IE B Yao 451
Tk, oy i B RO G 8% (F/F,) 2B 6 & 0%
(O ] AR AR R E(NPQ) DG # K R E(gP) |
PS [ PERERAERL A 77 & [ Y(NPQ) | \PS IHEH TPk
REFAEALAY & 77 B [ Y(NO) |\ PS T AH XS Hy 7~ 4% 13 8 <

[ETR(ID ]
F/F,=(F,-F)/F, (1)
o(ID=(F,'-F)/F,’ (2)
NPQ =(F,-F,")/F,’ (3)
qP = 1=(F.'=F,")/(F,~F,) (4)
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DB R VRIS FRERL 0. 2 g 2 M0 B 0B i A TS
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IR E a(Chl a) 4K b(Chl b)  St4RZE (Chl) &
FHAE N ZR (Car) it AL E a/b {H(Chl a/b)
1.6 FRSKMSIE(PAL) FEMNE NN AN
(PAL) 7%k % 1 Koukol ™ fyi 5 J7 ¥k , 308 1 00 5 PR 2R 14
T BUACHf AR N AR 2B E o REBAARI 1 g Bt 52 1 AR
M7, FE AR, A 3 mlL 200 wmol/T. BITR 5 22 whitk (14
% 0.1 g PVP, pH 8. 8) fff &% A &) %%, 10 000 r/min % .L»
15 min, F3E W& H. B 1 mL 3, KR A 1 mL
20 wmol/L L— % F2 F1 2 mL 200 pmol/T. B2 £k 2% ik
(pH 8.8) I ZAFIN 3 mL, KR AWE T 40 C/KHE 1 h,
SRR B JE TG HT L, T A 0.1 mL 5 mol/L HCI, 5
B 290 nm 4b IR G

AKX

PAL 5P =A,00xV,/ (0. 01XV XFWx¢)
Ao, FW AR IR S T ¢ S SN ISFIE] (min ) 5V, 2 A LR
TWAARFL(mL) 5V, S0 5 s T P BERRAA AR (mL)
17 RERSVSEHONE  EE T TR RIS
BT 5 7 ARG A 0.5 g, 1 10 mL R
VA (B 7K 3R18 =79:20:1) , =i/ FHHES , F 55 COKA
$2H 30 min, 3 000 r/min B0 10 min, BB REZRZE 10 mL
TR o IR SR R R A R O s, T B 3
510 nm ARSI A 5 5 T (9 46 90 R - Chaovanalikit 4512
JrEF O 765 nm ARSI W AR 5 H7 F HOR H E

ARDLEEIN G Iy, TG 442 nm ARG A
08¢ a FR I
g’ 0.6
a3
fj 8 0.4F
RE
£ b
=
2 (.28
5 c
0
(K T1 T2

432 Treatment

TE ARV R 225 B35 (P<0.05)

Note ; Different lowercase letters represented significant difference( P<0.05)

Horkak 5

Emission rate [l ug/ (g-h)

1 g fiInA 7.5 mL 80% FFEE( i) T =l s 225 (7
W 2B A R H] ) 70 Hz 10 min, 75 $2 10 h, JijE
3 ¥K,8 000 t/min B5.0> 15 min, B b 5808 ik k&
2, A LBERFTERE, LIEWRAES CTRSHEE
3mL, FEEAZE 10mL, #7/A 1 h 5 12 000 r/min &[>
10 min, BT, BAE S ARAFAE =20 COKFRTF (i b, &
i 2% . GC - MS (3 Waters CORTECS) , C,, o, 1% 4
(2.1 mmx 100 mm, 1.6 wm), £E3:25 C; WA A A
(62%7K) 51 5] B (38% M) , Y iy 0. 25 ml/min; FE ¢
.5 who Negative 1525, B FMiZ5 LR 5 500 V., 4 T
WEOTHTAAESEL (m/2) 53 ) R R (345. 1/183. 1) (4%
JRR(353.0/191.0) 50 e B 0R (373. 27211, 1), 4#JETR .
RIS K o e R AR U S B T Sigma A F] 4 =
98% .,

1.8 ZIEAEE L FH SPSS 19. 0 FI Excel 2010 #4347 4K
P53 HT, IFR FH LK 2 J5 22 731 (One —way AVONA) 5 56 45
b PR (8] 2 5 5k 2 (P<0. 05 ) FIAH G50 M i AT & 8 A ]
AIAEDCHE ST , R P A B A5 1R (mean + SE)
2 HER5HH

2.1 UV-B EHMREMRMF VOCs HERUEERMF M H
LRI, 58t A e 86 s HlE S e 3 TR 2Rk
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P A HE I R BE UV - B4 G 5 B 3 in 3 BRI (P <
0.05) , =i UV-B 485 F 5tk R icE % 5 CK
AHECREAR T 88. 6%, Hihi UV-B FEETSRE B &S T oa—JK
W5 BT IR HGHE 2R (P<0.05) , T2 AP F YR M REIL
TR 2 T HAL AL, NS BT o TR IR RERGE R 1
4.46 %5 B-IRIGTE T1 LI T R A H Bk, 3 CK b3
BT 2,16 £5, T2 0T B-IRM 5 CK AH LE3E (R i 2
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0.001 0F
a
b
L b —
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Fig.1 Effect of UV-B radiation on VOCs emisson rate of Quercus mongolica

2.2 UV-BESIMREHRMRXAEERBMZmM ik 1
LSS RN T P, R R SR UV -B F 48T B R (P<
0.05) , e UV-B 44 T 15 CK JC 3% 22 5% UV-B 4R
BPSEERI A G, JGRR (P<0. 05) 5 C; Bl UV -B 5 L

FBEIRG I, 5 CK AHEE T2 AbBE NS A #kmt B C, #5m T
78.8%; T, 78 T1 AhFEF & 542 5, T2 AbHE R @ & FRA% ; WUE |
CE Fil L, Fifi UV-B fastom B i3 n i A8, 5 CK A7 1L, T2
REFET A3 BB 2R T 45. 5% .80. 0% 46. 2% (P<0.05) ,
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1 UV-BESHWREHEM X SERZT

Table 1 Effects of UV-B radiation on photosynthesis of Quercus mongolica leaves

by HOLEHE P, SALFE G, Ml CO, VRIE €, ZEIBHEART, KRR HRRIAEE CE AALRRIME
Treatment pmol/ (m* - s) mmol/(m? -+ s) mol ¢/(m® - h) WUE//g/kg pmol/ m’ -s) L,

CK 7.05£0.97 a 0.04£0.01 a 128.20+18. 13 ¢ 0.42+0.07 b 18.07+0.38 a 0.050£0. 001 a 0. 650+0. 006 a
T1 7.45£0.15 a 0.06+0.01 a 177.40+£22.85 b 0.55+0.07 a 14.79+1.22 b 0. 040+0. 002 b 0.560+0. 010 b
T2 2.31+£0.65 b 0.06+0.09 a 229.20+49.02 a 0.17+0.06 ¢ 9.85+0.42 ¢ 0.010+0.003 ¢ 0.350+0.070 ¢

VE RIB1/NE TR TG N [ A B 2% 5 &, 2% (P<0. 05)

Note ; Different lowercase letters in the same column represented significant difference between different treatments( P<0. 05)
2.3 UV-BESIMTEHMFHERERSHBOZM o 8GR ERERERUE 77 & Y(NPQ) 7E UV-B fiH T 5
2 ATH, SR UV-B S BB RSN HRM i oot d CK IR 225 AR PR i R Bt 7)™ 4 Y(NO) 15 5
HER F/F, SEPOLERCR oD ALK R B NPQ - B2 UV-B 441 T B T CK;PS IIHL 72 idid % ETR (1) B
(P<0.03) e K R 5L P B UV-B ARGF0RE AR UV-B SR AR BT (P<0.05) .

£2 UV-BESHMREHMAHEERESHREIEXSEESHHRM

Table 2 Effects of UV-B radiation on chlorophyll fluorescence parameters and main photosynthetic physiological parameters of Quercus mongolica

leaves
LB BICERE ThREERE AR RE SRR A P MERE e AEJR P EREEFERL TR R
Treatment F./F, (D) NPQ qP Y(NPQ) Y(NO) ETR(II)
CK 0.81%0.01 a 0.79+0.07 a 0.36+0.01 a 0.52+0.05 ¢ 0.007+0. 002 a 0.19+0.01 b 0.33+0.02 a
Tl 0.80+0.01 a 0.70+0.09 a 0.25+0.36 a 0.63+0.29 b 0.052+0. 076 a 0.20+0.01 b 0.29+0.04 b
T2 0.67+0.05 b 0.62+0.10 b 0.02+0.01 b 0.93+0.28 a 0. 006+0. 003 a 0.33+0.05 a 0.26+0.04 b

T : [FF)/NE TR R AR A IR L) 22 57 i 3 (P<0. 05)

Note ; Different lowercase letters in the same column represented significant difference between different treatments( P<0. 05)
2.4 UV-BESNFHFEMHAAEBRESENHM MHE T Chla,Chl b & Chl F#5351% CK B T 19. 1% 14. 3%
3PN ARG EE UV-B 555 (T 4 3) F5E BRI R Chl a5 16.2%, B UV-B 555 BEHE N, Car 75 i 34 55 (P<
Chl b.Chl % Chl a/b {HY5 CK g TC R #2257 (P<0.05) , 1 0.05),
SR EE UV -B ARET(T2 451 2 25 FEAR (P<0. 05) , T2 4b

3 UV-BESMREHMHALERBRSENZN

Table 3 Effects of UV-B radiation on photosynthetic pigments of Quercus mongolica leaves

e R o HHEE b KHI | E e o
Treatment Chl a//mg/g Chl b//mg/g Car//mg/g Total Chl//mg/g

CK 0.470+0.017 a 0.210+0.011 a 0.027+0.003 ¢ 0.680+0. 028 a 2.220+0.034 a
T1 0.480+0.011 a 0.220+0. 006 a 0.035+0.002 b 0.700+0.017 a 2.210+0.011 a
T2 0.380+0.022 b 0.180+0.011 b 0.036+0. 003 a 0.570+0.033 b 2.090+0. 020 b

T /NG PR RN A R LR B E] 22 57 .35 ( P<0. 05)

Note ; Different lowercase letters in the same column represented significant difference between different treatments( P<0. 05)
2.5 UV-BESXEEHRM A PAL EHERREREG =Y I & AR T2 A BER 200 20 )50R &% i UV-B f#
SERIRNT 3R 4 AT NI UV-B RS B EIRS BSREEAE IR R 5 (P<0. 05) 5 5T P H IR & 7R (K 3
AR R PAL {6 P AR B AT S i (P<0..05) s Bkt B2 UV-B ARSIk B KR, Jy CK Y 3. 41 ff5(P<0.05) .

&4 UV-BEXSEMEM F PAL FiEFUR &R & B350

Table 4 Effects of UV-B radiation on the PAL activity and contents of secondary metabolites of Quercus mongolica leaves

PAL ik : APy LiSH BT 2R R HBR
pLsL] ) L FE m P . R Vo
Treatment PAL activity Flavone /jug/ Total phenol Tannin Aucubin Chlorogenic acid Geniposidic acid

pe/ (g - ) e 7 ne/e b/ Nz b/

CK 68.22+0.11 a 113.07+15.10 a 1.58+0.02 a 34.210+0.025 a 1.65+0.04 b 49.37+0.43 ¢ 2.18+0.17 ¢
Tl 67.13+0.05 b 79.21+1.18 b 1.44£0.06 b 23.380+0. 002 ¢ 1.44+0.07 b 51.28+0.24 b 7.44£0.17 a
T2 66. 86+0.05 ¢ 60.18+5.95 b 1.35+0.01 b 25.900+0. 008 b 4.84£0.14 a 84.75+0.86 a 4.43+0.20 b

TE : [R50/ NG FREAR R CRA R b B 1) 22 5 {3 (P<0. 05)

Note ; Different lowercase letters in the same column represented significant difference between different treatments( P<0. 05)
2.6 VOCs HiRiE R HERRWASH SEZRSHAEE KRS OLHORE RN PAL G MR A7 75 35 HH G (R
TR PAL FMEEMAAXMSN 7B UV-B f4tHsR  S) MR REN, R G HE RS F./F, (@) |
APEF SR VOCs HEMGE S iR oo s s Ak ETR AP, S B IEMIR(P<0.05), 55 Y(NO) (Chl 5 &3
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FAIIE(P<0.05) , 5 B G By BT 3 i S PAL 5 1 S
BFEIEAX(P<0.01),5 €, B EEFAE(P<0.01) ;a-
S Y(NO) Ml C, 2 W A, 5 F/F, P, T,

Chl a Chl a/b 2#t B EMAF, 5 Car il Chl b 2§ E 7 4H

%5

F(P<0.05) (FHE ZH04r 590 0.705 #1 0. 670) ; B- M 5
Chl £ B FAIE, 5 PAL {52 B3 7 A2 (P<0.05) (A
KEH>0.9)

38 UV-B RS TREHR VOCs HiRER MR R WA SR SEXMSH LS B R PAL B BHHEXE

Table 5 The correlation between VOCs emission rate, chlorophyll fluorescence parameters, gas exchange parameters, photosynthetic pigments and

PAL activity of Quercus mongolica under enhanced UV-B radiation

| e [ 3= 3=

st T”ﬁ*fﬁ a"‘_ljfﬁfe Bﬁ_p’i’;ﬁ F/F, @) NPQ gP Y(NPQ)  ¥(NO)  EIR P,
o—JEM a—pinene  —0.652

B—f)ﬁﬁﬁ B-pinene  —0.662 0.073

F./F, 0.69* -0.94** -0.104

(1) 0.703*  —0.543 -0.337  0.757"

NPQ -0.111  -0.320 0.266  0.198 -0.375

qP -0.587 0.610 0.135  -0.821"*  -0.884"* 0.342

Y(NPQ) -0.137  -0.287 0.271  0.163 -0.405 0.99%*  0.374

Y(NO) -0.683°  0.908°*  0.082 -0.99"* -0.794* -0.191 0.820"*  -0.155

ETR 0.703*  —0.543 -0.337  0.757° 1.000"* -0.375  -0.8%4"* —0.405  -0.754"

P, 0.721°  -0.976"* -0.124  0.941"" 0.620 0.279  -0.679* 0.248  -0.943**  0.620

G, -0.257 0.305 0.093  0.050 0.213  -0.063  -0.247 -0.067  —0.046 0.213 -0.273
of —0.847°F  0.925°*  0.337  -0.817°°  -0.587  —0.109 0.579 -0.078 0.813**  —0.587 -0.912**
T, 0.501  -0.969**  0.106  0.870"" 0. 446 0.431 -0.554 0.402  -0.880°*  0.446 0.955"*
Chl a 0.55  -0.810°* -0.092  0.843"" 0.565 0.415  -0.562 0.392  -0.839**  0.565 0.878"*
Chl b 0.426  -0.678"  -0.112  0.75" 0.574 0.381 -0.515 0.362  -0.749" 0.574 0.756*
Car 0.49  -0.777°  -0.098  0.82*" 0.571 0.408  -0.552 0.386  -0.818**  0.571 0.848"*
Chl -0.722°  0.442 0.675° —0.338 -0.470 0.108 0.210 0.125 0.337  —0.470 -0.413
Chl a/b 0.619  -0.849"*  0.015  0.742° 0.289 0.300  -0.483 0.275  -0.747" 0.289 0.864"*
1 Flavone 0.979"* —0.626 -0.581  0.685" 0.687° -0.087  -0.555 -0.113  -0.669" 0.687" 0.683 "
ST Total phenol  0.872%*  —0.610 -0.627  0.704" 0.840"* -0.085  —-0.602 -0.100  -0.6%2" 0.840°*  0.686"
45 Tannin 0.854 " —0.657 -0.487  0.631 0.517  -0.059  -0.544 -0.084  —0.640 0.517 0.697*
PAL 0.885°* —0.234 -0.784"  0.343 0.547 -0.329  —0.367 -0.343  -0.319 0.547 0.321
A i 24 TN
f:ix c. C T, Chl a Chl b Car Chl Chl a/b Fﬁiﬂ - ;ffﬁeml Tign
o—JER a—pinene

B—ﬁ‘}% B—pinene

F,/F,

@(ID

NPQ

qP

Y(NPQ)

Y(NO)

ETR

P,

G,

C 0.445

T, -0.280  -0.819""

Chl a -0.095  —0.659 0.849" "

Chl b 0.041  -0.511 0.725* 0.972*

Car -0.057  -0.620 0.819"*  0.998**  0.985"*

Chl 0.300 0.635 -0.294  -0.207  -0.163 -0.196

Chl a/b -0.476  -0.832** 0.844**  0.617 0.414 0.562  -0.238

7 Flavone -0.211  —0.823°* 0.474 0.448 0.341 0.420  -0.735*  0.606

BT Total phenol  =0.064  —0.715*  0.499 0. 662 0. 660 0.665  -0.757"  0.363  0.839"*

#15% Tannin -0.313  -0.791*  0.566 0.403 0.251 0.361  -0.717°  0.727° 0.8%4°"  0.676"

PAL -0.143  —0.538 0.047 0.131 0.071 0.115  -0.663 0.294  0.889"*  0.714*  0.701"

T % P<0.05, EAHIC; + + P<0.01, M 240G

Note: # P<0.05,significant correlation; s % P<0.01,extremely significant correlation
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SRR S K DG ik UV-B 552k 7 8 hn K,
AR EEER YRR T i UV-B BRI
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YIRS UV-B SRS RS AR R 2257 1%hise
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Fig.3 Variation rules of soil root knot nematode number between well cellar and non-well cellar
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