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Responses of Nicotiana tabacum morphology and photosynthetic physiology to reduced ultra-
violet-B radiation. ZHONG Chu', WANG Yi*, CHEN Zong-yu', DONG Zhuo-ya', YAN Kan',
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Abstract; By the method of canopy film-covering to reduce UV-B radiation, this paper studied the
responses of the morphology and photosynthetic physiology of Nicotiana tabacum cultivar K326 at its
physiological, technical, and physiological-technical transitional maturity stages in high-elevation
tobacco-growing area of Yunnan. Three treatments were installed, i. e. , reducing 75.74% (T,),
70.08% (T,), and 30.39% (T,) of natural solar UV-B radiation. Reducing UV-B radiation in-
creased the stem height and the internode distance of K326 significantly, with the larger values in
T,. Comparing with those under natural UV-B radiation condition, the leaf net photosynthetic rate
(P,), assimilation capacity (AC), water use efficiency ( WUE) , intrinsic water use efficiency
(WUE,) , photosynthetic pigments ( PP) and flavonoids ( FL) contents, and specific leaf mass
(SLM) in T, and T, all decreased, with larger decrement in T,. The factors affecting the P, in T,
and T, were stomatal and non-stomatal, and the latter was the main one. The major reason of the
lower WUE in T, and T, was due to the increase of transpiration rate (T,) caused by low stomatal
regulation capability. In T,, the P,, AC, WUE, WUE,, and PP increased but the FL and PP de-

creased to the lowest levels at physiological and transitional maturity stages, and the PP degradation

n?o

rate was faster at the technical maturity stage.

Key words: reduced UV-B radiation; tobacco; morphology; photosynthesis.
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Tab.1 Main climatic factors from May to August of previ-
ous years and 2009 in tobacco field of Tonghai County

T Al FEGR W K
Year Month Average Rainfall Sunshine
temperature (mm) hours
() (h)
Uik 5 19.9 84.0 224.9
Previous 6 19.9 127.5 144.0
years 7 20.0 161.7 150.0
8 19.3 183.2 150. 6
2009 5 19.7 43.0 220.0
6 20.7 229.0 143.0
7 19.9 115.0 151.0
8 20.3 106.0 164.0

1.2 IR bR

JHEL ( Nicotiana tabacum) &b Fh H K326, fL AKX Ff
T EVEE M ,2009 4 4 H 30 HEHR, K H A4,
R 16500 #F - hm™. 58 5% & 3 U5 UV-B
FRSTAL TR TRART 45 d(6 A 15 H) M HEAIEK
WG TR 2. R A FFS K 20 m, T8 5 m, 0
2.2 m, A% 1.5 m BRH, ACTERFA VT P I1 m
DL oy g s, DAR AP XL A3 1(T,) b 3
2(T,) 43 ) 78 55 /N [A) JE 8 Y 5 20 e, Ab B 3 (T)
T Z I (Mylar, SDI, USA ) |, 0] DA [7] 74 B2 b ik
55 UV-B @t 2eilzz ' 4540 BAGF-) UV-B 48 5
SR EE 3 1 S AN T 75, 74% (T, ) . 70.08% (T,) I
30.39% (T,) , RIS A ] 1E i 5 K FH UV-B 4843
SR EE ST Y9 {8 4 9 K 0.257 .0.238 F10. 103 mW -
em™ AL B BRGE B 7 0 O 2O R (81% =
2% ). FyiE— AN PR AL BRAE SR X IR (CK) . e R 5 4R
A 7 R RV X K326 1474 L, 9 037 mT 9% 31
Ja  BEBGR 12 B (VTR L8O AR (2A JEE 4
(BRI ) FERARIC , DU A5 TR .
1.3 s 5 Ak
1.3.1 UV-B 4@ 55 RGBSR BEWLI  F SR B8 ok
FH UV-B 35 (mW -+ em™, 2R F 2 E 7 RADIOME-
TER 24N, BT R 295 ~395 nm, 0K
312 nm) FIOGREBE B (1x, 2R 1 58 8 S BRAN R
A7 ZDS-10 B [ gh o R R ) B H W
2009 4£5 H 18 HIF 4G, &K 11:30—12:30 7% 4b
S E A EAT, 3 8 H 26 H 450, WL i 2 420 5%
5 E, SRESFEME, IR O SR S i RS AR )2
ARIL. ALY UV-B 46 56 F0OE B8 58 J32 375 3 8 (% )
DA R—KH1 9:30—16:00 Fj2F /Nt [R] s 0 5 1 45
Ab S PR AR TS R S/ AH [] 55 BE 1 UV -B 401
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Fig.1 Diurnal changes of illumination and UV-B radiation in-
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tensities of all treatments in sunny day.
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Tab.2 Effects of UV-B radiation on main agronomical characteristics of tobacco

O} E % R K 5 i AR

Treatment Stem length Stem girth Internode space Leaf length Leaf width Leaf area
(em) (cm) (em) (cm) (cm) (em?)

CK 75.20+1.33b 7.50+0. 15a 4.77+0. 15d 68.00+1.48a 22.40+0. 87a 972.97+54.39a

T, 91.90+1. 52a 7.76+0.17a 5.60=+0. 15¢ 66.30+1. 04a 22.70+0. 54a 954. 59+26. 04a

T, 92.70+2. 29a 7.70£0. 17a 6.61x0. 18a 67.10x1.27a 22.90+0. 59a 977.00+38. 22a

T, 87.90+1.72a 7.40+0. 15a 6. 11+0. 15b 66.80+1. 38a 22.25+0. 82a 946. 77+49. 39a

[F) 31 W AN [R] PR e /R AL PR [R] 22 57 1 3% ( P<0. 05) Different letters in the same column meant significant difference among treatments at 0. 05 level.

ACZEAL S P, — 5, A= BB I8 55 UV-B 45
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Hehn. N CK AT, B, BEALT T, ATy Hrh
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Fig.2 Effects of UV-B radiation on P, and AC of tobacco.
PM ; A= B #Y) Physiological maturity period; TP i ## # Transitional
period; TM ; T.Z5 i Technical maturity period. A [f] 57 £} 3 7w Ab
a4 % W FH (P<0.05) Different letters meant significant difference
among treatments at 0. 05 level. FIA] The same below.

ARG T, AN ¢, FEAR, I T, AT, A8 fk
K IEEG UV-B FGHAEER T, 5T, 2R E#%. 2
W CK 1 C; KIRTF RS, A7 249. 1 pmol + mol ™',
155 UV-B A8 9T #E C, #8A Frsg i, DL T, 4b ¥ i
5,4 306.9 wmol + mol™ , 5 CK 2253 B3 T, I T,
EZFB/NMWEST Z25BEF, M5 CKZR AR
F. T2 CK W ¢ AR, 1855 UV-B 5854 4%
B C W B ERT CK, HP T, RE, oA 310.2
pmol - mol ™! ,5 T, AR nE

A PRI A AL B L AT B S HE
T2 MBI S UV-B F5 & 4031 L, 2 5 A%
FCK BT, T, ML S, 5T £2558%,
TZ2WSIAT, MT, WL ST 5T, 238%.
2.2.3 KB K43 F R SCR A AE K 4 R 8K
O3 AL S T AR G AR, AR B
BIHWL S UV-B 3RS AL BB X T, 1 5 3 2
T, MT, B T, A B R, HB S5 UV-B 4854
R, BE UV-B @558 W RRAC, T, 3% 80 BT o v
WI8ES UV-B 4R GHACE4E S T 7,7, MIT, & T
CK,1M T, 5 CK 23 A8 3%, W5 UV-B 4 H 2 [i]
EFIARE. TERBI T, T, 1T 5 CKH
AL, H=F 225 A RE, M T, B&mTH
b 2.

3 ANEHHIEES UV-B 4 S A4S ) 2 B R T
K326 i) WUE. A= BUSBGHAL T, i WUE 5 CK 25
35 RS UV-B 48 A B 27 8] 22 50K g 35 3
T, T, BEMTT, MCK,MT, 5 CKZ5 A8
ETZRAWIT AT, 5CK ZRARE H=4%
FETT,, T, KA WUE AR CK FIT, B9 1/2.

FAEIE WUE, 5 L, 19728 A AL, A= 2 2 s
55 UV-B 5844 WUE, 520N 8.3, WUE, 15 I 7E
33.24 ~39. 88 pmol + mol™ , FALBHA T, #5151 J%
955 UV-B $adft B R8T WUE, , b T, M T,
B, BERTT,,T, AU CK 1 43.7% . 1.2 3
1 CKAT 4k 457 %5 B W IWUE | T, FI T, B8 T CK | 22
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Fig.3 Effects of UV-B radiation on stomatal conductance (G,),

L.) , transpiration rate (F_) , water use efficiency ( WUE) ,
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Fig.4 Effects of UV-B radiation on flavonoid content and spe-
cific leaf mass (SLM) of tobacco.

SARBET, B, 5 CK ZREBFE H5 T, AT,

L Y NTE A

2.3 UV-B fRGIPAHHFDGA B2 5 1 150
WFRRIEA R (M4 a b FIRIAE M ER)

()22 SAEAN R A AR KA TR (26 3) . AR Bk 2

T, FIT, HEEK a b S84 CK AL, H T,>T,,

M T, 4% a &8 e T CK, 4K b 8NS5 K

intercellular CO, concentration ( C,), stomatal limitation value

and intrinsic water use efficiency ( WUE,) of tobacco.

Y (AALE A 2R a b & 2SR B E. W
UV-B RS A FESEA 8 b 2 & = AR B AL, Hop
T, 5CKZ5A8E T, T, BEMKT CK i
UV-B ZbFREIZEEA S b RZ &SRR T,>T, >T,,(H
ZERARE.

I PSS UV-B R A PR T AR a
P P RSGE NT, MREDb RS KR
ANBE S UV-B fRgTAbEih T, 4K a b 5 &
BESTT, AT, HT>T, (H-¥EFREE £
TS MR SEENN T,>T, >T, , kb B 25 5 3 3%
T AR5 UV-B R b8 3 Mot R &
Y WEMT CK,HA T, MERER a b STEKE, K
iD N es - LA (RIS d EIP L= N

FYINETT LA IR, B AN L AR v CK RS R
a.b R LF— TR M UV-B 45,
M2k E a b B i Bl AR B B I s R . A B
B —id BT T, T, WS i R R, T,
AT, B4R a S5 TR T 0.455 F10. 417

g dm? MR Db FESHTEET 0.191 Al
0.143 mg « dm™, 1 T, M4E% a b &AL 5 TR
T0.220 F10.056 mg « dm™. 2 JEHH— T2 sl
T, MR a PR, 14 K a b S a2 i
FE&T 0.512 f10. 166 mg » dm™,1ii T, M4t &K a b
ST EET 0. 190 F10.056 mg - dm™, T, H4¢
Ham BT TO0.021 mg - dm? G Eb S
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Tab.3 Effects of UV-B radiation on photosynthetic pigment contents of tobacco

i pisL] 4% a 4R b 43 a/b KA MR
Period Treatment Chlorophyll a Chlorophyll b Chlorophyll a/b Carotenoid
(mg - dm™) (mg - dm™) (mg - dm™)
A P AR A CK 1. 628+0. 050a 0. 562+0. 026a 2.902+0. 052a 0.251+0. 005a
Physiological T, 1. 623+0. 048a 0.558+0.017a 2.906+0. 030a 0. 2170. 006b
maturity period T, 1. 42420. 160a 0. 487+0. 063a 2.936+0.051a 0.193+0. 012b
T, 1. 68120. 163a 0.563=0. 041a 2.978=0. 069a 0.22420. 015ab
P CK 1. 648=0. 085a 0. 57420. 046a 2.886=0. 083a 0.481=0.013a
Transition T, 1. 168+0. 081c 0. 3970. 034b 2.9530. 046a 0.3390. 018c
period T, 1. 007 0. 050¢ 0. 34420. 021b 2.929+0. 055a 0.280+0. 014d
T, 1. 461£0. 036b 0. 507+0. 010a 2.885+0. 027a 0. 402+0. 008h
T2 CK 1. 382+0. 072a 0. 474 0. 036a 2.925+0. 083a 0.390+0. 004a
Technical maturity T, 0.978+0. 036b 0.341+0.012b 2.87320. 074a 0. 266+0. 009h
period T, 0. 986=0. 069b 0. 352+0. 008b 2.806=0.213 a 0.255+0. 014b
T, 0. 949+0. 075b 0. 341+0. 029b 2.790=0. 025a 0.269=0. 023h

[R151) o AR [ B 3 AS [R] SR 36 7R 25 57 1. 3% (P<0. 05) Different letters in the same column meant significant difference among treatments in the same peri-

od at 0. 05 level.

A LT A a2 a/b JEFAE 2.79 ~
2.98,UV-B RS BEXT -2 2R a/b & AT S 3552 ).
ARSI T, BT, MHERER asb B, L P T,
T, BOR, T2 T, 1T, 8.
2.4 UV-B a5 X5 A B & 15 R0 LG 51 50
A BRI S UV-B 8 5 0 SRR T 2
WS i 0SS UV-B ST b Bl 2 R) 22 R i 3
EBE UV-B 4 $a8 B 1, 28 s 7 i 52 T R 3
APEWI T, RN T, 5 CK A E, 28 R,
HT>T,, T, FEANBEHBEESTT AT, T.
ORI SS UV-B 58 48 i i 28 B B o R
I, HLBH UV-B 5 5550 5 55 , S8 & 5 a0 i
BE,T, 5T, ZRABE MMHES T, 25 0E.
AEBRA T, AT, 1% SLM BSAIKF CK, 5%
AN M T, 1Y SLM 535 IR T A b 3. sk 95 30 ik
55 UV-B 5545 SLM ¥ 8 28T CK, Md55 UV-B
AEBRE 2SR E VAT, 1Y SLM AR, T2 i
JUE IS UV-B Ab P SLM %8 CK %, BT 43 2>
6] 22 AR B 59 UV-B 4bHd BE UV-B 48 5t
G E ARG, SLM 52 T R a3,

3 i it

3.1 S5 UV-B SRR K326 JEA Y5200

T 2575 b S8 A8 4 X6 34455 A% A il 17 e B0 1 2%
I, I855 UV-B 48 556 8 Y8 285 1Y 52 e 72 5 5 oo
M ACBH UV-B 48 S 75 5 20 M i 1 130 35007
AP KR AT AR A Y % UV-B BB AT
FAMERPI A TE AT RRT . AR IR 25 B R 0 A
59— RN UV-B fR 415, K326 25 i Fl5 (] BEAR

B HE NN 150 B 6 Y OG5 S PR B XS K326 1Y
HMERIEASA SR ZLA M RIAE L. B 3 A5 UV-B
TR AL FE K326 A MR B, FES AR UV-B §5 5t
(T,) T ,K326 =25 A (B BE AR AR, BLZEAH S T
HNARIREE 70. 08% UV-B 4R S50 (T,) T2/ M
(B e K, IAAFAE— A %F K326 AE KA F B ik
G UV-B 5 5o B .

MR OEAE Y BT RE AR, 3 KR UV-B
FR AT O Py o BR R E AR P, K326
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