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Abstract ; Tobacco brown spot is one of the most serious diseases in tobacco production in China leading to enormous losses

in yield and quality. It is necessary to select resistant tobacco cultivars to meet the demands for high quality tobacco
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production, but there have only been occasional reports on the pathogenesis of tobacco brown spot in the past. It is therefore
very important to study the disease mechanism of tobacco brown spot in order to establish recommendations and a foundation
for breeding resistant cultivars. The responses of photosynthetic pigment content, photosynthetic parameters and chlorophyll
fluorescence kinetic characteristics were investigated under three different stress levels of tobacco brown spot ( mild,
moderate and severe stress) at maturity using pot cultures. Two tobacco cultivars with different resistances to tobacco brown
spot were selected as experimental materials to determine whether there was a correlation between photosynthetic
characteristics and resistance. The cultivars selected were JYH ( resistant cultivar) and CBH ( sensitive cultivar). The
results showed that tobacco brown spot stress could decrease chlorophyll a, chlorophyll b, total chlorophyll and carotenoids
in the two cultivars with different resistances. In addition, the decreased range of photosynthetic pigments was less in JYH
than in CBH. Tobacco brown spot stress decreased both the net photosynthetic rate and stomatal conductance. However, the
net photosynthetic rate of JYH increased under mild stress whereas there was a decrease under moderate and severe stress.
In the two cultivars with different resistances, the changes in intercellular CO, concentration and stomatal conductance were
divergent. The intercellular CO, concentration in CBH tended to rise under the three different tobacco brown spot stress
levels, whereas the stomatal limitation value showed a significant decrease. In JYH under severe stress, the photosynthetic
parameters consisting of both intercellular CO, concentration and stomatal conductance showed the same trend as in CBH.
However, compared with the rising trend of intercellular CO, concentration under severe stress, the stomatal limitation value
of JYH decreased under both mild and moderate stress. With the increasing levels of tobacco brown spot stress, the initial
fluorescence (F,) and non-photochemical quenching (NPQ) of the two cultivars with different resistances both increased.
Compared with controls (no stress) , the increases in F, in JYH and CBH were 16.50% and 34.48%, respectively under
severe stress, whereas NPQ) increased by 95.54% and 137.45% , respectively, at the same time. For these two parameters,
all the differences between severe stress and control conditions were significant for JYH and CBH. However, the chlorophyll
fluorescence kinetic parameters including maximal fluorescence (F ), variable fluorescence ( F,) , maximal photochemical
efficiency (F,/F,), PSI potential efficiency (F /F,), photochemical quenching coefficient (¢,) and PS I actual
quantum yield (@, ) for the two cultivars with different resistances all decreased by varying degrees under the three levels
of tobacco brown spot stress, and the decreased range was less in JYH than in CBH. These results indicate that tobacco
brown spot disease had a destructive effect on photosynthetic characteristics. The photosynthetic pigments, photosynthesis
and chlorophyll fluorescence characteristics of JYH were less influenced by tobacco brown spot stress than CBH. So a higher
photosynthetic performance may be a major physiological trait of resistant cultivars in the adaptability to tobacco brown spot

infection.
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1 M5 F®

1.1 ftark

BERM B ( Nicotiana tabacum L.) 5hFh B0 & AP TYH J80% S FD CBHY'™ ' RITERF # 7 X7 H
BT, PR AR KOS — 3P HE (6 I 10 ) AT AR A, 7T RR BE R 120 em x50 em, FEZLAEAN 1 #k, AR+
10 kg, (3 3 AR + (AP 8.50 g/kg . A% 0.89 o/kg AL A 65.46 mg/kg A 24.42 mg/kg  HAL
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10 FHA7 M Fr AT 45 TR AR E
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Ak S K Z B NPQ, ok F =F —Fy,F /F, =(F,~F)/F, @y =(F,'-F)/F,', q,=(F,/-F,)/
(F,'-F,") ,NPQ=(F —F,)/F, . Btk 1 Fit BEALHES 5 0 BOFHME,
1.4 HdEabi

K Microsoft Excel 2010 £ SPSS 16.0 #AF#E 474811434, R Duncan’s #7 &% 22 1K 56 8 51, 45 58
FEBIE bR 2= FRoR

2 EREHH

2.1 R LR A AN R BT E S AOEA B R SR AR

W 1 FR MR AR Y T80 CBH B4R RANEA S N 2R & 54 BT TR, AS R 72 B b 2 -5 61 i
AHE, B3R 80 B & 22 FKF-, FEEENA T, CBH M4 K a MR b BTSRRI N R 50 5 31
TR 43.92% 22.81% 38.07% 1 71.92% , 1M JYH MNFER R A2 N R SR EREG T 2 L@, ot
G a MR b BRI MR EERTE ET1.51% 1.26% 2.35% 1 1.59% (BTG 8.5 225 ;
W B P a FREE AR AR NS 8 N RS N E B MNA R AR a SR b AR R
KB N R AR M 15.07% 19.93% 16.91% F1 21.59% , 55 % AR ik 3] 35 22 5K F .
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Table 1 Effects of tobacco brown spot stress on photosynthetic pigment contents of two tobacco cultivars with different resistance

IsUUE=S S M43 a M4 b FKHE PR
Ak Total chlorophyll/ ( mg/g) Chlorophyll a/( mg/g) Chlorophyll b/ (mg/g) Carotenoids/ (mg/g)
Treatment JYH CBH JYH CBH JYH CBH JYH CBH
X CK 21.11+0.13 a 21.54+0.24 a 15.13£0.28 a 15.46+£0.25 a 5.97+0.09 a 6.05£0.01 a 3.15+£0.13 a  3.17x0.15 a
REWME Mild stress 21.43+0.33 a 18.66+£0.38 b 15.32+0.14 a 13.13+0.31 b 6.11£0.05 a 5.53+0.12 b 3.20+0.09 a  2.43+0.08 b

HEEBA Moderate stress  20.97+0.21 a 15.63£0.26 ¢ 15.11£0.12 a 10.34£0.17 ¢ 5.86+0.06 a 5.29x0.02 ¢ 3.18£0.11a  1.62%0.16 ¢
HHEMA Severe stress  17.54£0.19 b 13.34+0.34 d 12.85£0.11 b 8.67+0.08 d 4.78+0.11 b 4.67+0.15d 2.47+0.06 b  0.89+0.07 d
JYH: M3 Jingyehuang, CBH: (K2 # Changbohuang; AR NP I EARERE ; 455 Bodi A 0 7 B1 A [ #5260 22 53 R 38 W3 KF (P>
0.05) ; THEEARIH LR IR L BEKF-(P<0.05)

2.2 JHTE AR LI O A AN [T AR R A A VR S R0

YA VE AL AT T Y AR &, A A KR B B SERE G A TE RSB0 B 4L nT DL B 3 i A
IR L R G MR 114 1 T AR
221 #OLEHEEP,)

M2 FTLIE Y, CBH Z BRI BRI G , P, 5t T Rt 1 LR 5 i R B 00 fin ) , A st ol =2 34
I, EEEA S CBH B Pn B IR R 31.41% , 2 0 225, fEREMA T, IYH 1Y P, B A /ME 7
HAWRR 1.81% AR AR WG R EEMA T, FEIEEE] 10.25% , 57 O Lk 21 I 2% 22 R KF
222 SARE(G)

MR G IR YL A T A ¢ B 5 R %Y, CBH MIFRIRI R T JYH (K 2) , KRB g
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i JYH 19 G_FRIEA A B3 22 5240, JYH (CBH 1Y G 76 M0 AR S0 ka6 Ah 3R 15 60 BR[A] 3436 31 3% 25 K
- L EE A N BR300 19.23% (48.94% , MF R BRI TE 6, TR, SFEOCEEMRTE CO,InH K
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223 Jfla] CO, M (C,)

IEHWARSZE R, RFEGUES AR CAHZEARK, 15 2 I fERE P ERNE T, JYH §) C 50 1R K
2.64% 4.53% fAARIR B i 2 22 FoKoF, BRI SALY G A N ML CO, MR BE T I, AR 2 i iff AT
EECEERMTE, M CBH NS F I 08K 5.17% 9.58% , 2% F ik B W EK V-, e, B hia f
FE R0, 2 A S C YT . FEEEEMMA TS, JYH .CBH /) C 3SR 43500 7.17% \15.13% , 1K %) 1 2 25 =
Ko C T, RN RAMCEERET TR, 3 CO, b H, RIEHGE = PrtH R s
2.2.4 SALBEHUE(L)

M2 v LUE R R EEAE TR JYH ) L5 BT e B4 A T 10.71% 17.86% , H2E 55 AN
W AEE AT LU R R, ST REAR L, B IR A 39.39% , 5 3 25 K. 1 CBH 7 00 5 AR B
RUET | LIgE TR, S5X AR E, 7R | Hp B RN 36 1 0 B RRAIG 22.86% (45.71% F1 65.71% , 557+
ik 3 i K,

*2 BEEFREFHEXNAEIEEERMALSIERASHAZME
Table 2 Effects of tobacco brown spot stress on photosynthetic parameters of two tobacco cultivars with different resistance

Jif] co, v

s A Ab oA R AL AALRR A
. . Intercellular CO, A
Cultivar Treatment Net photosynthetic rate Stomatal conductance Stomatal limitation value L,
concentration
JYH oy 23.81+0.15 a 0.52+0.02 a 265+5.13 a 0.28+0.03 a
R ia 24.24+0.03 a 0.50+0.06 a 258+8.46 a 0.3120.01 a
o B e 23.46+0.02 a 0.48+0.07 a 253+4.95 a 0.330.05 a
A 21.37+0.11 b 0.42+0.02 b 284+7.62 b 0.17+£0.02 b
CBH oyl 22.13+0.07 a 0.47+0.05 a 271+6.22 d 0.3520.11 a
TR ia 20.65+0.14 b 0.41+0.06 b 285+8.18 ¢ 0.27+0.03 b
o RS e 18.44+0.01 ¢ 0.31+0.08 ¢ 297+5.89 b 0.19+0.08 ¢
il St 15.18+0.05 d 0.24+0.10 d 312+8.64 a 0.12+0.02 d

FRNEE N b2 ; RPN BR A M PR R 2R 22 57 R ik B KF (P>0.05) 3 FREARIR] #7822 51k B35 KF (P<0.05)

2.3 MR LR IME AN [T SRR S 2R Bl S SR R

M2 R DO CAVE AR ERET , 38 8 X 45 B9 S8l 1 2 S 800 43 A AT LR AT SO RER i 12 1Y
fFE.
231 EFOBFRCR

FEIE A SRR B A R, CBH 19 F X0 T JYH (3 3) . B R BRI 33 JYH .CBH (1) F,
T, L3 R Bl 5 2 R 3 ) T g R, S R AR e R B B E BN A R JYH B R 430 R
4.85% 9.71% M1 16.5% ,{EE JE A T ik 3 w35 22 5 K-F . CBH 23051 10.34% (16.38% 11 34.48% , 55 %} R AH
LY IR F 25 25 K, MR A B0 F 3N, B PS TSR HO DB IR S AT 36 0036 JYH B iR, WoR
R A 32 SRR BRI

N3 3 PR FEM IR BERINE N F, F B3R TGS, JYH W F, F 7EAA B RA 3 35 25 HoK
-, T CBH [ F B2 Wi A 38 5550 R OC  3 22 S b LA b R IE) 7, F B3R 3 10 3 25 SOKF . S A
FLOYH B F, F, S5%EAE, 435 FFE 10.88% ,13.66% , CBH [ 435 4 45.37% .69.39%, JYH iy F, . F [%
WA/ Fe WA AR B R B e B 5 PS TGk 2=id 1

R IR B T 0 2 A AP F L/ F 30 T R R, B R b0 R B A L mss i (% 3) . SxREAELE,
R rP BRI B A JYH B F /F, 43 51080 8.54% (18.09% il 25.63% , 45 4b H 8] G 1. 3% 25 5+, CBH 14
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F /F 53 3 FF% 20.12% 47.74% K1 77% , 5% A ik 8] g 3 22 oK, F/F, R, 2 PS T &2 34553, 4
AR R R AR A i PS IR HFG ] QA QB K PQ &1 i A2 7 B 2

JNFE 3 AT LI BEE I AR 0 R R EE AR, JYH CBH 1 F /F, Y5 R ka3 FEIR LB JYH<
CBH, JYH 7R WhEME WA T F/F, 5 B 4.84% 12.90%% 1 24.19% , 55 %} BEOAH L TG 3 25 57
Il CBH 285 NP 10.77% . 27.69%F1 55.38% , ik 3| i 3 2 5K ¥, CBH 1Y F /F, FEIRIHR K, RUIELMH2ER
NN AR I i R MR T TR AR R IR B R R (R Y M BR s, PS T 6 1k O 2 B 03, R g
AR TR,

®3 BEFEFRMPENREHIEEERMHEERALSHNZ0E

Table 3 Effects of tobacco brown spot stress on chlorophyll fluorescence kinetic parameters of two tobacco cultivars with different resistance

T o I £ L L S oAl
Cultivar ~ Treatment Initial fluorescence Variable fluorescence PSII potential efficiency efficiency
JYH it 103£16.92 a 331+15.84 a 205+22.81 a 1.99+0.11 a 0.62+0.07 a
B A 108+23.53 a 320+19.53 a 197+14.84 a 1.82£0.09 a 0.59+0.04 a
i BE e 113+24.66 a 309+12.47 a 184+15.06 a 1.63+0.03 a 0.54+0.08 a
W E 120+13.54 b 295+16.82 a 177£19.32 a 1.48+0.06 a 0.47+0.05 a
CBH it 116£21.26 b 298+21.07 a 194x19.63 a 1.67+0.05 a 0.65+0.06 a
B Mia 128+15.34 a 290+23.43 b 171£21.58 a 1.34£0.13 b 0.58+0.04 b
rhEE M E 135+12.63 a 242+17.86 ¢ 118+22.62 b 0.87+0.07 ¢ 0.47£0.08 ¢
WM 156+15.41 a 205+19.07 d 60+17.34 ¢ 0.38+0.02 d 0.29+0.01 d

FRNEE N I b2 5 BEAN BRI B AR R 5 R 22 57 R ik B3 KF (P>0.05) 3 FREARIR] #7822 ik .35 K (P<0.05)

232 POUHEKBN 1%
IERAERK T JYH I CBH 1Y g MHZEA K, MR RIS RGAE 2 A Fh iy g 894 B T B, O HBEE
ARG, BRI (R 4) o JYH 1Y ¢ MR SR R R G520/ T CBH , HUA B2 e 4 315 % B

F4 BEFERMENREFEEERM q,,NPQ 71 @pg,; HIFZM
Table 4 Effects of tobacco brown spot stress on photochemical quenching coefficient (¢, ), non-photochemical quenching (NPQ) and PS II

actual quantum yield (@5 ) of two tobacco cultivars with different resistance

TSR

Fluorescence kinetic parameters AEHR Treatment e CBH
payilt 0.725+0.025 a 0.710+0.028 a
AR F AL BRI E 0.692+0.013 a 0.644£0.014 b
Photochemical quenching coefficient o BE e 0.674+0.021 a 0.561+0.008 ¢
o e 0.591+0.032 b 0.418+0.024 d
pani 0.202+0.006 b 0.275+0.011 d
K R BEZa 0.214£0.053 b 0.321x0.021 ¢
Non-photochemical quenching NPQ i BE e 0.286+0.039 b 0.419+0.026 b
GlEa Bt 0.395+0.002 a 0.643+0.056 a
X e 0.467+0.012 a 0.453+0.006 a
PS T S Frotfb 23R REEE 0.434+0.025 a 0.331£0.018 b
PST actual quantum yield o B2 e 0.421+0.004 a 0.215+0.031 ¢
GlEg Bt 0.388+0.022 b 0.102+0.011 d

FRNEE N E b2 ; BEAN BRI PR R FR 22 57 R ik B3 KF (P>0.05) 3 FREARIR #7822 51k B35 K (P<0.05)

[AAFI 225 22 57 KF- 1T CBH 45 b PR IR 5% AR L , BIA B R 25 22 55K -F g, T REUEWT PSIT Ay QA AL
ALY, FEOPS IR LG IFHGH S BRI, 18 QA 171 QB Jed AL LB Z FIHM il JYH 1Y ¢, 8, &

http ; //www.ecologica.cn



4152 JAE = 35 %

WA A 0 B 38 T H: QA EEBT S AL R R i, MR B iR Bk PS T 32 Ak oL 15 30 (I B A AR B A e L i
71 H 2t P R R R B PR LA AR ) R T 3 0 M RO S R IR R 3 I G B R

W 4 Firos AR R IA R JYH F1 CBH 89 NPQ 45 I H#a#Hy, S5XIEAMEL  JYH f NPQ fE2 3 |
PRI B R R 0 N PR T 5.94% 41.58% F11 95.54% , 7% T [l R 56 Rk ) g 25 2% Rk CBH
3N 16.73% 52.36% F1 137.45% , 5%} BEAH FL 5 0 3 25 K F-, NPQ B FHUi A PS T s o oo #E sl 781
JGCRERYRE IR, CBH (9 NPQ ¥4lE & T JYH, SR BIH W g i i U 2, i TYH #EHR D,
JLREF LR

NFE 4 0T LU M Bl A 0 R R 0 R B RN, 2 AN SRR @ IR R R, (HERIR AR, R
BE P BEMNA R, JYH () @p SXTIEZERA R, MAREEGIET , B RS 16.92% , 58] B E 27
IK-5 1 CBH 19 @y FEERRE P BEFNEE BB AR BE R, 4051 HE XS BEREAIR 26.93% .52.54% F1 77.48% , 45 Ak P
)25 5 B

3 e

3.1 HESRERPHAXDEA AR SRR

AT A R RE B 2RI TS G R RRADERE, FrlDE S O R & B iR IRSLE ThRE % AT
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R EE T CBH, ZRWIHU i Bl 0 RE §5 48 | WSO £ 32 BE ) i | 1 MR R AR R 1R I T RAT B DL &
R I TTAERFAR R P OG A i R R TG S IE R EAT . TR ah AlOE & 6 3R B R R R L&A s
A =Y Sl b | i 3R [ AL RE 1 52 2 F I ], g AeT
3.2 MHFE IR RS IREAX AR AR

JCAE FRAR Y A A 9 A SR, | S MR RR 10 A RS RITI ML R BOL G MR BRI A R <AL
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SALBRBME T WAL, P 5 T DE G s AR I B R iR Ae 2 CM LA T ), CREARAN L TH i 2 W<
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AR CHE T LN B 3 T RER R T R 0 AR R B TR, R R B B AR I RO A LR A
2R ALY BIEH 13, Rubisco BEEXT CO, 251 AR, e [R1 AL BE 0 e, 15 T At i Il AL BR A 22 70 S 20
JeE HEARFEARM FEINE, 1 CBH 7EMF IR BRI T B G NI, C, LT L AR, Z B g dh Ffole
PR R 2R AR LRI R SR . X AT REJE th TR R B AR I SRR S5 D5 a8 B2 B
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A E A AIIS PERRAR . CBH MYGHA S80S M0 R o B2 55 A 52 i B 8 KT TYH, R BB RR I, 1M
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