S TR 5 R AR, 2017, 23(2): 460467 doi: 10.11674/zwyf.16185
Journal of Plant Nutrition and Fertilizer http://www.plantnutrifert.org

e A IS TR I CL i 1 0 0 550 174 A= L e i

A B, AR, TR, RAZL FaR"
(1T AR A B 2 B, TR EIN 4500025 2 FPEAR L R 5 A M AR 24 BE, JEaT 100193;
3 IR A Ry R EERIT ST, TR AR 472000 )

WE: AW ] AREHMSMX, HEABTFEESEEATEABFEESN N FERE, FLE Yk
AR AL T o BF 5T S B 30 T 0 700 e R A - e A R AR RS R, T AR e A B AR I — S
%, [ F8:] 2015 AEFE R RS R A £ RS, RE NAMEHE, 435128 200 pmol/L NFA . 200 pmol/L
9-AC. 200 pmol/L Zn> FIZEME/K, +HEAE R 50 mg/kg. TS 30, 45, 60, 75 d M, BB RE
FEHE L, 03 R, & T MAHB b ar gt i () CLC-Ne2 ZERRIRMEE | GE R S] . MERRRK
JSH. MXRCRB RS A . [FR ] D) SXAELL, MEAHEHR zZn® . NFA | 9-AC mfkkmH
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Physiological responses of flue-cured tobacco under the high chloride
to chloride channel inhibitors
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Abstract: [ Objectives ] High Cl- content in soil is one of the main factors for high Cl- content in tobacco
leaves, which plagues tobacco production in some tobacco-growing area of China. Studying the effect of Cl-
channel inhibitors on the physiological and biological indexes of flue-cured tobacco would provide reference for
approaching reasonable way of relieving the adverse impaction in tobacco production. [ Methods ] Three Cl-
inhibitors, Zn>, NFA and 9-AC, were tested in a pot experiment, in which the used soil CI- content was 50 mg/kg.

All the three Cl- inhibitors were made into water solution of 200 pmol/L, each time irrigated 1 L per pot and
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consecutively for 3 days after the tobacco plants were transplanted for 30, 45, 60 and 75 days. The expression of
CLC-Nt2 gene, photosynthetic pigments content, chlorophyll fluorescence parameters, the related elements
accumulation and plant biomass were measured in maturing leaves. [ Results ] 1) There was no significant
difference in the expressions of CLC-N¢2 gene in tobacco leaves among the Zn>", NFA and 9-AC treatments, but
they were all significantly lower than those in control, which were 82.22%, 75.39% and 72.19% respectively. 2)
Inhibitor treatments could obviously raise the content of chlorophyll, with the increasing rate of 20.15% (Zn?>*),
29.10% (NFA) and 45.52% (9-AC) separately compared with CK. The chlorophyll fluorescence in each treatment
was higher than the control to a certain degree, which had remarkable benefit to decrease the damage of the PS Il
photosynthetic apparatus in tobacco leaves. 3) Compared with control, the leaf Cl- contents were significantly
decreased by 18.17%~33.48%, while the K* and NO;- were apparently increased by 5.28%-10.20% and
12.19%-25.24%, with the best effect in 9-AC. 4) Tobacco biomass were significantly affected by the use of
inhibitors. Compared with CK, the dry weight of leaf, stem and the total biomass were significantly promoted
and increased by 17.02%-32.45%, 10.54%-20.66% and 13.21%—25.50%, while the root dry weight increased
only by 5.94%-11.43%. Therefore, the root-shoot ratio was comparatively lower. The biomass was showed in
the order of 9-AC > NFA > Zn?* > CK. [ Conclusions ] Irrigation of chloride channel inhibitors can alleviate
chloride damage to tobacco plants planted in soil with relatively higher Cl- content, because of the positive
reactions to growth and physiological activities of flue-cured tobacco. 200 pmol/L 9-AC shows the best
performance in the experimental condition, 200 umol/L Zn?* could meet the needs of reduction of chlorine ion in
tobacco leaves with low cost in practice.

Key words: chloride channel inhibitors; flue-cured tobacco; physiological responses
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BFRLAr BT 2l KCL b7, BAEiisi N 5.0 g, #4403
N :P,O;: KO R 1:1.5: 3,
1.2 REHE
RISILE 4 MEFE, NFA 200 pmol/L, 9-AC 200
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— PSS, JEHE 3 K, HEARSIEY 16 : 00~17 : 00
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Uit i, JRREE TWAT, -80°C A&, B
FERF RN FEE S 3 IR,
1.3 MEmMB MG E
1.3.1 PCR MIZ¢JtE & PCR %M Trizol il
(Invitrogen) it FH 156 BH 5 B B K0 A6 5 19 6L RNA,
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RIS 6 7 1t PCR 1Y (Applied Biosystems, USA)
EHEFT RO, PCR SR Z N 20 uL, £24 2 x SYBR
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0.8 mL, 10 pmol/LReverse primer 0.8 pL, 50 x ROX
Reference Dye 0.4 uL., cDNA template 2.0 pL, dH,O
6.0 uL, PCR KW AF: 95°C 1 min, 95°C 30's,
57°C 30's; 72°C 1 min, 40 MG, § L5 5 FIH
K5 fg I A U = Wy e 2 . 95°C 15's, 60°C 1 min,
M 60°C ZMETHRE 95°C, FKR LT 03C,
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*z 1 S|¥F5)

Table 1 Primer sequences

A Gene &SRS GenBank

51¥I¥ %1 Primer sequence

PR Product length

F-primer: 5-TTGGTTCACATTGGCGCTTG-3'

CLC-Nt2 AF133209.1

156 bp

R-primer: 5-GAAAGCAGCACACACACCTG-3'

F-primer: 5-~AAGGGATGCGAGGATGGA-3’

Actin U60495.1

105 bp

R-primer: 5-CAAGGAAATCACCGCTTTGG-3’
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1.3.5 K. Cl', NO; il HEurmaee s, i
60 Hfi, K &% YC/T217-2007 BE; CI

MaR R LS N Z R

FHRA YC/T162-2002 Pl EUY; NO, -N R H
Cataldo 7K A7 IR EI E ™,
1.4 KIGHIELIE

R EHR LR CtH ILEGE 2 k) #1715,
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28S rRNA
18S rRNA

1 KA 2 RNA 1.0% BRASFER AR B KE
Fig.1 Total RNA of flue-cured tobacco leaves in 1.0%
agarose gel electrophoresis

2.1.2 REAE MM H CLC-Nt2 L Fik 27
CLC-Nt2 B g —FEZEM S FmEEA, @il
HL B RS 5151855 X2 5 CI'. NO; Al HCO,
ERAE TR Y, R 2 i, SXFREAREE, it
THIF A HE CLC-Ne2 FEP ik 35 B E PRI (P <
0.05), fH 3 ZHAHIRIAEHLZ 8] 22 5 %

12 ¢
a
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I8 § b
9% 08| + +
REQ
ZES
m S0 06
23
=E 04t
g
£ 02t
O 1 1 1 J
CK Zn* NFA 9-AC

ALFE Treatment

2 A[E Cr BEHisFI R E R i CLC-Ne2 EEFRE
Fig. 2 Expression of CLC-Nt2 gene under different
chloride channel inhibitors in flue-cured tobacco leaves

[ (Note) : it EARTREFR /R AR AL B E 2257 2% (P <
0.05) Different letters above the bars indicate significant difference

among treatments at the 0.05 level.]
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HAS Ak s, B 9-AC > NFA > Zn* > CK, Hr 9-
AC Zb3H NFA ¥R R Fv/Fo. Fv/Fm {HY 5%}
2257 3% (P <0.05), jifi Zn* AYALFE Fv/Fm &35 &
FXFRE, i Fv/Fo 5% BEAH HL I 22 S R & o {0
Fv/Fo. Fv/Fm 7E 3 FRfi il 57 b B[] 25 58 i 3%
2.3.2 Xt¥EMH I B OPSIT, qP #l NPQ (K5
PS I 2B #5803 (OPS ), [l 778 PSS
HG R S S LT, SEBR PS T SGREH AR 13k
e R EAAYDCEREN N — RIS, Jefb#
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el AR, KT PSR H LI
PRI AL EEE K R L (NPQ) Sl TRREM TOL
A B AL DA R RGO RE , B —
AR HLET, Si bt i i R ReRERL, R EIR
POCA PRI RIMER2, 3 3 AT, 05 A H e
S R4 ©PS T 43 5] Fe X FREE 57 23.16% . 26.28% .

x2 AEHISIFLEERH FAERESE (ng/g)

Table 2 Effects of different inhibitors on photosynthetic pigment contents in flue-cured tobacco leaves

IR M4 E a M4kE b M2 (a+b) 43K ab FKE MR
Inhibitor Chlorophyll a Chlorophyll b Chlorophyll (a + b) Chl a/b Carotenoid
CK 1.04£0.02 ¢ 0.30+£0.01 ¢ 1.34+£0.02 ¢ 345+0.12a 0.22+0.01b
Zn?* 1.19+£0.01 b 043+£0.02b 1.61£0.03b 2.79+0.12b 0.22+0.02b
NFA 1.29+£0.11b 0.45+0.07 ab 1.73£0.18b 291+0.20b 0.24+0.03b
9-AC 142+£0.08a 0.52+0.04a 1.95+0.11a 2.72+£0.17b 0.33+0.01 a
¥ (Note ) : [FEFNEHEEAS R TR R A PRE] 2 5 5.3 (P < 0.05) Values followed by different letters in the same column are significantly

different among treatments at the 0.05 level.
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Table 3 Parameters of chlorophyll fluorescence of flue-cured tobacco leaves under different inhibitors

Rl PS A TEG M PSSR PS T SEhobib =40k HAZ KRB RS OK R BT
Inhibitor Fv/Fo Fv/Fm ®PS 1T qP NPQ
CK 1.69+0.21 b 0.63+0.03b 0.26+0.02 b 0.52+0.03 ¢ 0.96+0.11a
Zn** 2.08 £0.1 ab 0.68+0.01 a 0.31+0.04 ab 0.60+0.02b 1.08+0.16a
NFA 232+0.12a 0.70£0.01 a 0.32+£0.04a 0.63 +0.02 ab 1.06£0.02 a
9-AC 2.51+049a 0.71£0.04 a 0.34+0.01a 0.65+0.02a 1.05+0.25a

I (Note) : [FIFNEHE G A FFERFRRAE I 2 55 83 (P < 0.05) Values followed by different letters in the same column are significantly

different among treatments at the 0.05 level.

32.97%, Hh NFA 1 9-AC b3y 5% Mk 3] 3%
ZE5 (P <0.05), {H 3 Fiahil 50 ab 2] 25 5 OR B 3
PO AL B qP 4351 LT REE 55 16.27% . 20.60% .
26.17%, HABLF| R E K- (P <0.05), HH 9-AC
5 Zn* AhHLZ ) 255 B3 (P < 0.05), 1M NFA 4b#
1) qP SPAL IR 22 RN . R R R NPQ
A3 BB 13.11% . 10.52% . 9.42%, {HIk
KB B EKF,
2.4 AN[E Cr BiEHNHIFIXEHE K. Clv NO;y A
K K/C1 B9%2a

M2 4 LIEH, SXHAALL, FMifE 200 pmol/L
RIS 3 NMAEBE Zn . NFA, 9-AC, ClI FhEE

TR, K& KCBE LT, NO, AR R
R, Hep, Cl S EAIBEMIT 18.17%.
20.76%. 33.48%, K" Siarilftm 5.28%. 8.28%.
10.20%, K/Cl /355 8.72% . 36.62%. 65.59%,
HYE X A E % 22 573 (P < 0.05); NO, 5%
PR 12.19%. 19.09% . 25.24%, Hrft NFA Fl 9-AC
LB X IR 22 3 (P < 0.05), BRI P AbFEfY
YEHIBCRF P 9-AC > NFA > Zn* > CK.,
2.5 AN[E] Cr BaE N7 3 68 1R A H 2 R0 2 0
H# S AT, SXTHRAREL, 3 il 50 A B A
MREE L M BT EREREE (P<0.05), WRELRE
FEAIC (P < 0.05), MRTEHm, E4UEH 9-AC 1Y

F 4 TEAFIFIGEEZEL R K CI'y NO, 22K K/ICLEE
Table 4 Contents of K', CI', NO, and K/Cl ratio in flue-cured tobacco leaves affected by different inhibitors

57 Inhibitor K* (mg/g) Cl-(mg/g) NO; (mg/g) K/Cl
CK 24.81+0.26¢ 1248 +0.42a 0.84 +0.04 ¢ 1.99+£0.05d
Zn? 26.12+0.83 b 10.21 +0.44 b 0.94 +0.04 be 2.56+0.13 ¢
NFA 26.87 +0.42 ab 9.88+0.21b 0.99 +0.05 ab 2.72+0.08b
9-AC 27.34+031a 8.30+0.13 ¢ 1.05+0.08a 3.29+0.04a

# (Note) : [FFVEHEEAS R FHE R A PRI £ 57 B3 (P < 0.05) Values followed by different letters in the same column are significantly

different among treatments at the 0.05 level.

x5 AEHIFIFLREBTIRRRERRTELL

Table 5 Dry matter accumulation in flue-cured tobacco affected by different inhibitors

ElE Bl i £ nf: BT HUE L

Inhibitor Root (g) Stem (g) Leaf (g) Total (g) Root/shoot
CK 40.31+2.65b 79.46 £4.03 b 142.77+8.02 ¢ 262.88 £ 14.68 ¢ 0.18+0.003 a
Zn* 42.70 +1.83 ab 87.83+3.38a 167.07£6.65b 297.61 £ 11.74 b 0.16 +£0.001 b
NFA 43.79 £ 1.30 ab 9327+42la 181.57 £5.60 ab 318.64 £ 11.11 ab 0.15+0.001 ¢
9-AC 4492+1.70 a 95.88£5.06 a 189.1+12.73 a 32991+£19.29a 0.15£0.003 ¢

# (Note) : [FFNVEHEFAS R FHE R A PRI 2 57 5.3 (P < 0.05) Values followed by different letters in the same column are significantly

different among treatments at the 0.05 level.
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1E Cl & Fiz il #rp B 2 AEH .
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() e IR 4 52 e o AR ) O G R T B 5 55 B DL
A, R PR BB R,
Byt R R WOLEE, IR AT FE SR O T iR EL e i
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Jolb 360 BB R AR ) A PR 2R 3R B A0 20, A 01 I )
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Z b ML R S, W HXTHSRER b IR
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LR a. MR b, SRR SEEHN, H5X A
LIk B K. 3 B SRR B i b e R AT
fe SHHIFA PR KR CL B AT, B
{RABMIRERE L AR RS, D 1 SRR 1Y i e,
HmtgtE b fEN M REOR, ESENTS,
AR T 1G58 SR AR O RE T, ARG 4 = AR R 1Y
JERERIHIZRCT GRS, it A i 550 SE A ) T
PRI HLEOCR W, BPXT 4 b 2 sE/E W]
B, i, mekE ab HEEITXE, 20 MR
TN TP RR TRE, WIS ER,
PO FXF 250 2 D Z A FE VR RN B . 041 ) 7
BE RS TUEOREE, AMNTEEASKTETE
HA 7 XA T ORI L

M2 RO A ERMIRER, Wl Hrit &k
RV E A, T LIIRBDE A LR 32 5 00 1 355
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Fv/Fm il qP F&AK; R B LA ATt
%, S5REMW, NaCl 4FE{E Fo 2% EJF, Fm,
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TR, ARG REN, EREEAKGT, S
Jifi 200 pmol/LC1™ & 38 il #1577 5| 2 Fv/Fo .
Fv/Fm, ®PSII, qP. NPQ %55 ESHUA R FE FE () 4%
. Ho Fv/Fo. Fv/Fm RY3EIN, BERIAMHIFIIESE T
XGPS TR R G 2= TG R ], 42 T
PS [ ¥ LETG M ; OPSIL AT qP A3, D3R 7 0 A
®PS T S i HaO FFBGH 4 1 L, B 58 2 ) R
Ttk s, M S G i FE 3B AE; NPQ
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J1, fE—ERRE R B E I TER .

TERLIH B3 CL @ AT, Al CL s
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o MG ALEE, RN F R NOy 17 3
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PEFHO, R R AEFR AR L Wi iy [l i AR i H X NO,-
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