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Responses of Physiological Characteristics of Tobacco
( Nicotiana tabacum L.) to Drought Stress at Root Extending
Stage and Drought Resistances Evaluation

TONG Wenjie', DENG Xiaopeng', XIE He', WANG Feibing®,
MA Erdeng', LI Junying', JIN Yan', XU Zhaoli', SONG Zhenwei®"
(1.Yunnan Academy of Tobacco Agricultural Sciences, Kunming 650021 ; 2.School of Life Science and Food
Engineering, Huaiyin Institute of Technology, Huaian Jiangsu 223003 ; 3.Key Laboratory of Crop Physiology and

Ecology, Ministry of Agriculture; Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Aiming at the situation of frequent drought in late spring and early summer in southwest areas, this paper
adopted the method of rain proof drought shed installation and carried out a pool-culture experiment with same

irrigation quota but different irrigation times, taking Honghuadajinyuan ( Hongda) with strong drought resistance and
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Yunyan 87 ( Yun 87) with weak drought resistance as materials. The paper also analyzed the effects of different
drought stress on tobacco characteristics, such as expression of drought resistant gene, physiological-biochemical
traits of drought resistance, pigment content of tobacco leaf, photosynthetic of tobacco leaf, etc.. The results showed
that chlorophyll a, chlorophyll b, chlorophyll a+b, chlorophyll a/b, carotenoid, leaf water content, transpiration
rate, stomatal conductance and net photosynthetic rate tended to decrease under drought stress. And intercellular
carbon dioxide concentration, proline, superoxide dismutase activity, soluble sugar, malondialdehyde content, and
relative expressions of NiSOD, NtPOD, NiCAT, NiP5CS, NiLEAS, NiNCEDI tended to increase under drought
stress. Membrane lipids of chloroplast was effected and photosynthetic pigment content of tobacco leaf was decreased
under drought stress at root extending stage, which lead to net photosynthetic rate decreased by non-stomatal factors.
The effects of drought stress on tobacco growth and development at root extending stage were mitigated by osmotic
adjustment and free oxygen removal. The relative expressions of NtP5CS, NtLEAS, NtNCEDI, which regulated ABA
and proline, were up-regulated under drought stress by raising proline content in tobacco leaf, and decreasing vacuole
osmotic potential and leaf water loss. Meanwhile, the relative expressions of NtP5CS, NtLEAS5, NtNCEDI were
up-regulated under drought stress by strengthening activities of antioxidant enzymes, and removing free oxygen
produced by drought stress. Three major components were obtained by principal component analysis. The cumulative
contribution rate reached 91.3%, of which proline, superoxide dismutase activity, soluble sugar, NtSOD, NtPOD,
NiCAT, NiP5CS and NiLEAS were divided into the first major component; chlorophyll a, chlorophyll b, chlorophyll
a+b, chlorophyll a/b and carotenoid were divided into the second major component; Net photosynthetic rate and leaf
water content were divided into the third major component. The major component of drought resistance in Hongda
gained 4.608 score, which was 40.08% higher than that of Yun 87. These indicators could be used as the principal
indicators to identify the drought resistance of tobacco at root extending stage when breeding drought-tolerant tobacco
varieties. The second major component including photosynthetic pigment index and third major component including
net photosynthetic rate and leaf water content could be used as the secondary indicators.

Key words :tobacco; root extending stage; drought stress; physiological characteristics; drought resistance
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KR E 3 (0) b H,0,, F i AL A
( catalase, CAT) Fl i 48 1k W) B ( peroxidase,
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LB, ST AR AR B R SR AR R R
LS R HE BT 5% 0 o 0 08 3 DL % T 3R R 4
RS L S5 A A A % A 2 4 AR B K30 A ¢
ARI5 T

1 #R5E7EZE

1.1 REH
PEPRL AR ETC(LR) Il 87 (= 87) A

BEHARE, P BB AT IR A R AR AL
IR AP AE T AR (R E 2
2 Ky Edi R, iz 87 xS MUk
AP R R R B O IR M
1.2 REHE

RIS T 2016 75 2 B A M A B4 57
BE B T 2185 DX A 30 2 4 (24°147 N 102°307
E) BT, 550 K 1 643 m, 43R
15.9°C , 4 - ¥ [ /K B 918.4 mm, 4F H I8 i} %
2 072.4 h, U0 FEHD T 5t =2 () SR PR BE £ 08 3R
PEATIR B, 3BE G AH 4852 b 2 [R] (1) + 56K 4 5 3741
MEBE, B R Ak 23.90 m* (4.15 mx
5.76 m) , T Ay e RS Sl M i, 152 3 1
o TR B , LA ] [ SR IR WA Ak il S0
WAEHOK Sy, Bt N R 2 g B T 21
IR RIHHZE 132 (0~ 20 em) FAL MR G0 R 1
BRI ALRE 7 AL, R BENLIX 4L HE, 3
WHEE o 2AEFHT T R b3 R (CK)
5 d HEK—WK, K 2.0 L/ A BRAL (T1~T6)
D8 58 RE MK R4 1 I 7K 5 34 5 — IR BT 52K
BEIK a4 R B 5 10 415 .20 d.25 d.30
d 135 d,EBEE 2.0 L/bR, AR T 2 03 2,

F1 HEHE D EEAER

Table 1  Topsoil physical and chemical properties at experimental site.

e W (ke) AW (mg/ke) AT (mg/ke) A (mg/k)
Soil l: erl( em) pH Organic matter Hydrolyzable N Available P Rapid available K Cl"(mg/kg)
e (¢/kg) (mg/ks) (mg/kg) (mg/kg)
0~20 7.8 8.63 85.1 45.8 88.0 87.78
Fx2 ARAEEBREESERE
Table 2  Irrigation time and quantity of different treatments under drought experiment.
TR & BAURRE(d) FEBE (L/#E) Quantity (L/plant)
L Days after
Lrrigation usage transplant(d) X AR CK T1 T2 T3 T4 T5 T6
FEARZK Root water 0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Pk Recovering water 5 1.0 1.0 1.0 1.0 1.0 1.0 1.0
10 2.0 2.0 0.0 0.0 0.0 0.0 0.0
15 2.0 0.0 2.0 0.0 0.0 0.0 0.0
HrEIK 20 2.0 0.0 0.0 2.0 0.0 0.0 0.0
Drought resistance water 25 2.0 0.0 0.0 0.0 2.0 0.0 0.0
30 2.0 0.0 0.0 0.0 0.0 2.0 0.0
35 2.0 0.0 0.0 0.0 0.0 0.0 2.0
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F 2016 4F 5 A 2 HRABE I KH #4002,
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JHRRATIE 43504 0.5 m F1 1.2 m, BEARTHEIEIT
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Rk 1 R i ML, 18 e e AR K 2.0 L/#k
THERMIERE O, BARIE 5 d KRR &
(N:P,0,:K,0=10:12:18) 150 kg/hm’ FIHI4¥IE
3 kg/hm?, BEHE I /K 1.0 L/kk, 45 b3 45 i 3
B B At T ) A8 B Bt O R — B, P S R B
BB A A BRI AT

1.3 WMEmMBSA*®

131 t&%F4e% BG40 d SRR
TSR = Ao APt 2 bRt kO B R TR AT,
FEALERFRE 3 £ 0.2 ¢ £, A 2 mL 80% PN i
(Sriral, VE B AL T4 BR 2 7)) Az i CaCo, A
Ylb , FEAr IR B I W 21 W R AR A, JF LA 2
mL 80% N Fili 5 Ve A B U5 e A B0 R, 5 000
t/min0> 15 min, B EERERE 25 mL Fim
B TR A RAE ., FHE AN E T (DUS0O,
Beckman , USA ) 7E 664 nm 648 nm £l 470 nm I K
T E W B YE Lichtenthaler B8 1E 2 21T
A ERE a MR b MR S SR E a/b Al
HlpE M EEGEY

132 #REASHH BG40 d LT 9:00
~11.:00, MG 22 L) L1-6400XT {48
HEEIL(LI-COR, Lincoln, USA) & ¥ MHnt H
HOCA R (P,) FEBHER(T) RILFE(G,)

DL R MRl CO,MRBE (C,) S48 hn ., A A7 1)
SR HHG I E SRS — 2 A 1 200 pmol/m™ s,
CO, ¥R 400+10 ppm, JiL i~ 400 pmol/s, %
Qb B A K A Sk — B AR SR AR B 3 B Bl
KHRE TGRSR = R oe e R Tt Bt DL 3 iRk
(- Y (B AR A e A
133 MM AR AL BG40 d a3
PR A KB — B AR PR PR 3 PR, S B B
TSR — R 50 4 R FF A DA R A A T 2
Ot oKL K A B8R E R A D
105°C 2575 15 min, ZJ57E 75 C ML 2, 1T
Bk R kR
M F & 7KE = (1-DW/FW) x100%
HF DW At R FE(g),FW At hEE(g),
QW [ (MDA ) 7 . >R HARAC L 2
(TBA,ZrHr4l, 1 [ 2542 141 ) @zt
QMR (Pro) & & K FHEN = FR ( 43 M1 4k,
iR SRR A RA R ek
@R] s B o R R (Sl 1 ifgin
WL TARRA ) e ™,
QALY B (SOD) 11 4 - >R FH 110 2 e
W (NBT, 73 br4l, A e 2L AR A BR AR ) O
Pl JE ke
1.3.4 )B4t A W Real-time PCR B RJ5
40 dBERAE PR 2 AR B — B AR A Bk 3
PR, SEEUR R TS 55 = Fr 58 42 e JF i A A ik R
i, P66 AT 0 A G M AH DG SE A (3R3) iE AT

R3 RBETEEXEERRLEE PCR F7HE519

Table 3 Specific primers of tobacco drought-related genes used in quantitative RT-PCR.

KA 4 Gene name 35 Accession No.

W75 (5-3") Primer sequences(5'-3")

NeP5CS HM854026
NtLEAS AF053076
NtNCED1 NM_001326185
NtSOD AF034630
NtCAT U07627
NtPOD AB044154
NtUbiuitin AB026056

F. CTGATGGAAGATTAGCACTTGG
R: CTCCTACAGCACCTGAAGTC

F: TTGAATCTGGGGTTTTGGTT
R: GGAAGCATTGACGAGCTAGG

F: AAGAATGGCTCCGCAAGTTA
R: GCCTAGCAATTCCAGAGTGG

F: CTCCTACCGTCGCCAAAT
R: GCCCAACCAAGAGAACCC

F: AGGTACCGCTCATTCACACC
R: AAGCAAGCTTTTGACCCAGA

F. CTTGGAACACGACGTTCCTT
R: TCGCTATCGCCATTCTTTCT

F: TCCAGGACAAGGAGGGTAT
R: CATCAACAACAGGCAACCTAG
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Real-time PCR 431, #|H TRIZOL( Invitrogen ) i
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ST TS A AR 6 AN 38 e L PR ZE AN [R]
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FEPR R S [ AR i 2 T 0 A 5 5 i 3 A
FIEHBH S HIFE I 3, R Bio-Rad
Q5 SZH}5E i PCR 1% (ABI 7500, USA ) #E474 4
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C,fH 5 A Microsoft Excel 2007 1, #% H8 /% 5K
2T P A A ek A

135 A#ETE B 40 d il 2L L
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PR S b A T ER AR T
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% JH Microsoft Excel 2007 Fl1 SPSS 18.0 # 4
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[H] 14 . 2 (P<0.05) K23 LSD .,
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B2 AT TR S B B T 87, A FAH A i
TR ATV MR i R T R A A D
T6 AhHH 2R | v MW ik e, ELAR
T T H A AR B RO TS AR FE AE T1.T2. T3 F
T4 b3 il 2 R T M0 B i DL T3 b3l
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Fig.1 Effect of different irrigation time on tobacco photosynthetic pigment content.
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Note ; Different uppercase and lowercase letters mean significant differences between different treatments for the same variety at P<0.01 and

P<0.05 levels, respectively.
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Fig.2 Effect of different irrigation time on tobacco photosynthetic characteristics.
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Note ; Different uppercase and lowercase letters mean significant differences between different treatments for the same variety at P<0.01 and

P<0.05 levels, respectively.
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Fig.3 Effect of different irrigation time on tobacco physiological characteristics under drought stress.
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Note ; Different uppercase and lowercase letters mean significant differences between different treatments for the same variety at P<0.01 and

P<0.05 levels, respectively.
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Fig.4 Effect of different irrigation time on relative expression of drought resistance genes.
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Note ; Different uppercase and lowercase letters mean significant differences between different treatments for the same variety at P<0.01 and

P<0.05 levels, respectively.
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Table 4  Effects of different irrigation times on tobacco biomass.

¥t (g/Fk) Biomass(g/plant)
CK T1 T2 T3 T4 T5 T6

Al Variety A Part

b B Aboveground  17.03 Aa 5.49 De 9.19 Cd 12.65 Bb 8.75 Cd 10.83 BCc  8.84 Cd
21K Hongda b F#f Underground 1.73 Aa 0.57 Cd 0.74 Ced 1.13 Bb 0.69 Ced 0.84 Ce 0.64 Cd
HHE Whole plant 18.75 Aa 6.06 De 9.93 Cd 13.78 Bb 9.45 Cd 11.68 BCc  9.48 Cd

b 138 Aboveground 14.98 Aa 3.39 De 4.41 CDde 8.34 Bb 4.94 CDed 6.11 Ce 3.88 Dde
87 Yun 87 Hi F#F Underground 1.63 Aa 0.40 Dd 0.49 CDd 0.96 Bb 0.55 CDhd 0.76 BCc  0.42 Dd
HHk Whole plant 16.62 Aa 3.80 De 4.90 CDde 9.30 Bb 5.48 CDcd 6.87 Cc 4.30 Dde

T AT PR R RNG B35 B [a] i AN TR 2 2R IE] P<0.01 F1 P<0.05 /K-F 285 B35
Note ; Different capital and lowercase letters in the same row mean significant differences between different treatments for the same variety at P<
0.01 and P<0.05 levels, respectively.

x5 TEBMETHEERAKENESZNBHERNEXRY

Table 5  Correlation coefficient between biomass per plant and drought resistance index of tobacco underdrought stress.

FEHF Index X1 X2 X3 X4 X5 X6 X7
0.722™ 0.606" 0.704™ 0.806 ™ 0.701™ 0.832™ 0.791™
X8 X9 X10 X11 X12 X13 X14
Y 0.208 0.798 ™ 0.034 0.003 -0.080 -0.842" 0.833™
X15 X16 X17 X18 X19 X20
0.029 0.121 0.295 0.077 -0.192 -0.198

s R A3 BIFR P<0.01 Fl P<0.05 K- RIEA,
Note: * and ** indicate significant correlation at P<0.01 and P<0.05 levels (2-tailed) , respectively.
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Table 6 Eigen vector and percentage of accumulated contribution of principal components.

S557 Index F A1 FHS 2 F 3

Component 1 Component 2 Component 3
44 a Chlorophyll a 0.243 0.914" 0.283
M4%% b Chlorophyll b 0.344 0.903 " 0.125
4% 2 a+b Chlorophyll a+b 0.257 0.918" 0.256
42 a/b Chlorophyll a/b 0.138 0.822" 0.490
JHAE N FE Carotenoid 0.076 0.958" 0.205
64 # Net photosynthetic rate -0.002 0.517 0.828"
AL S Stomatal conductance -0.111 0.634 0.677
Jiif8] CO,¥& B Intercellular carbon dioxide concentration 0.286 -0.748 -0.037
ZE 5 3K Transpiration rate -0.215 0.667 0.645
Jifi % #R Proline 0.970" 0.089 -0.127
SOD i Superoxide dismutase activity 0.963" -0.052 0.046
AP Soluble sugar 0.983" -0.097 -0.045
N % Malondialdehyde content 0.299 -0.258 -0.751
it H k& Leaf water content 0.146 0.275 0.879"
NiSOD 0.975" 0.157 -0.104

NtPOD 0.971" 0.078 0.063
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%23 Continued

547 Index

NtCAT
NtP5CS
NtLEAS
NtNCED1
FEIF{H Eigen value
BTk Contribution rate

Z 4t 5T#k% Cumulative contribution rate

EMI 1 LR 2 L3
Component 1 Component 2 Component 3
0.909 " 0.117 0.316
0.967" 0.111 -0.076
0.804" 0.098 -0.479
0.781 0.174 -0.504
8.760 7.758 1.733
43.798% 38.791% 8.665%
43.798% 82.589% 91.254%

TE: " FORHARBRTEA T P A RS

Note: * means the biggest absolute value of each index in all factors.
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