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Effects of Exogenous Silicon on Growth and Physiological
Characteristics of Tobacco under Drought Stress

LIU Jiao', JIANG Yonglei’, LIN Jingyu', HUANG Xiaoxia'

(1. Southwest Landscape Architecture Engineering Research Center of State Forestry and Grassland Administration,
College of Landscape and Horticulture, Southwest Forestry University, Kunming 650224, China;
2. Yunnan Academy of Tobacco Agricultural Sciences, Kunming 650021, China)

Abstract: [ Purpose] To explore the effects of exogenous silicon on the growth and physiological
characteristics of tobacco under drought stress. [ Methods ] Yunyan87 potted seedlings were treated
with well water (90%-95% field water holding capacity) and drought stress (35%-40% field water
holding capacity), and applied with different contents of exogenous silicon fertilizer (K,SiO;, 0, 1.0,
1.5, 2.0 g/kg). The growth morphology, biomass, photosynthetic pigment content, osmotic regulatory
substance content and antioxidant enzyme activity of tobacco plants under different treatments were
measured when the tobacco plants grew to the flourishing period (45 days). [ Results] Under

drought stress, plant height, leaf number, single leaf area, biomass, photosynthetic pigment content
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and antioxidant enzyme activity of tobacco plant were decreased, but specific leaf area and osmotic

regulatory substance content were increased compared with that of well water treatment group. The

application of exogenous silicon of 1.0 to 2.0 g/kg could promote the growth of tobacco under drought

stress, and the main effects were increased in plant height, leaf number, leaf area, specific leaf area,

total biomass and root-shoot ratio, the contents of photosynthetic pigments and osmotic regulatory

substances, and the antioxidant enzyme activities; but the malondialdehyde content was significantly

decreased (P<0.05). And 2.00 g/kg silicon treatment effect was the most obvious. [ Conclusion ] App-

lication of exogenous silicon can alleviate the damage of drought stress on tobacco and improve the

drought resistance.

Keywords: exogenous silicon; tobacco; drought stress; physiological characteristics
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Tab. 1 Experimental design

Ab R H [A)RF K /% K,SiO; i f/(g'kg™)
treatments field capacity silicon content
CK 90~95 0
W+Si, 90~95 1.0
W+Si, 90~95 1.5
W+Sis 90~95 2.0
D 35~40 0
D+Si, 35~40 1.0
D+Si, 35~40 1.5
D+Siy 35~40 2.0

14 SRR BT i
1.4.1 ARKIEARII E

FHE AR R RO RO Ak v L R R 58
2020 £ 9 A 23 H 5SS RG, BRI AE
PR, CRRAARAR . 2. rPURS, CE FHUE N, D
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AT L AR AR L T R =
KK < K58 %0.634 55 He i A= g AR/
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TR0 T R FE N B
1.5 Hdsab s 5o

% JH Microsof Excel 2019 X £ 48 #: 474 4 4%
L, PR A SPSS 26.0 #EATRUHR F J7 2087 (two-
way ANOVA), K H Ducan’s #5172 57 I %
PESIHT o T AT BE S LS AR R FOR

2 BRESH

2.0 AMNEREST TSI T A KA R

SN S I PR 7 = o QN AL T A
U EL i T AR 22 T R 3 RN e e Y AR S R )
(P<0.001), fHAZ 5 5t ik (%) 28 B 52 0 AN i 3
(P>0.05), 5 CK #itk, T-54b3 (D) dftker. it
F BSORT B TR 1) I 2 B AIG 73.75% . 62.05%
H1 63.14% (P<0.05); i b 0 18 £ 4 0 85.48%
(P>0.05); FfnsMEEEE , 2T 5 Wb kb P2
PR MR R B B AR A T sk
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Tab. 2 Effects of exogenous silicon on the growth morphology of tobacco under drought stress

pGsi PR is/em AR FH R /em® EEH A em®
treatments plant height leaf number single leaf area specific leaf area
CK 26.67+0.33 ¢ 9.67+0.33 b 123.9449.56 ¢ 39.13+6.35b
W+Si, 31.33+0.33 b 10.00+0.00 b 153.55+6.98 b 57.0743.47 ab
W+Si, 32.33+0.33 b 11.00+0.00 b 167.51+4.03 b 55.94+1.89 ab
W+Si; 37.33+1.20 a 11.67+0.33 a 208.75+7.32 a 58.36+3.33 ab
D 7.00+0.58 f 3.67+0.33 ¢ 45.68+3.81 ¢ 72.58+16.66 ab
D+Si, 11.00+0.58 ¢ 4.00+0.00 de 71.2842.75d 88.49+15.62 a
D+Si, 12.67+0.33 ¢ 4.67+0.33 d 81.22+5.86 d 90.10+20.41 a
D+Sis 15.33+0.33 d 6.00+0.58 ¢ 105.96+7.13 ¢ 75.2146.95 ab

T2 Mpif drought stress (D) ok
HNJEE exogenous silicon (Si)

DxSi

kksk

ns

sk ks 23

Hokok sk

ns

ns ns ns

T BAFAA WEL ARG FRER SRR AR 2 5 83 (P<0.05); *. P<0.05, **. P<0.01, *** P<0.001, ns. P>0.05; K[,
Note: The treatment combinations are shown in Tab.1; different lowercase letters indicate significant difference among different treatments (P<0.05); the

same as below.

2.2 ANJEREST T T BE T A P Y R

M 3 ATl RAFKI T, W+Si; b3
Nt 25 ARAYR AR A RN RS, 2Rl
CK 34111 10.77% ., 37.44%. 12.32% Fil 18.41%, IR
56 ELAEAN R REAR PR R) G 18 35 25 5% (P>0.05); 5 CK
L, TRARE (D) dint . 25 RAEYE RS

A Wy ) 8 PR AIG 81.85% . 63.01%. 75.00%
1 74.51% (P<0.05), WahnsMERES, 25, WRAY)
B S D A TC B AR (P>0.05),
D+Si; ABEHGE iR, 5 CK RN 70.35%
(P<0.05).

®3 NEREXNTEHETHESKEMENTIE

Tab. 3 Effects of exogenous silicon on the biomass of per plant tobacco under drought stress

] R XTI R B T
treatments leaf biomass stem biomass root biomass total biomass root/shoot
CK 3.25+0.29 ab 2.19+0.08 b 2.76+0.25 a 8.20+0.56 b 1.99+0.09 b
W+Si, 2.70+0.06 ¢ 2.42+0.25b 2.28+0.52 a 7.39+0.57 b 2.45+0.46 ab
W+Si, 3.00+0.11 be 2.36+0.32 b 2234032 a 7.59+0.05 b 2.544+0.47 ab
W+Sis 3.60+0.21 a 3.0140.25 a 3.10+0.34 a 9.71+0.53 a 2.18+0.29 ab
D 0.59+0.19 ¢ 0.8140.10 ¢ 0.69+0.09 b 2.09+0.25 ¢ 2.08+0.31 ab
D+Si, 0.86+0.15 ¢ 0.75+0.18 ¢ 0.5840.09 b 2.18+0.21 ¢ 2.86+0.31 ab
D+Si, 0.97+0.16 de 0.8240.06 ¢ 0.70+0.14 b 2.48+0.27 ¢ 2.74+0.57 ab
D+Si; 1.43+0.15d 0.67+0.04 ¢ 0.644+0.07 b 2.75+0.09 ¢ 3.39+0.56 a

ek

T2 il drought stress (D)

SMJEFE exogenous silicon (Si) *o

DxSi ns

eskesk

ns

ns

eskesk sk

ns

kk

ns ns

ns ns ns

2.3 AMEREEXT TR E TR A AR SRR
5]

M 4 ATH1: 5 CK AL, T540H (D) A1
ez a, 4R b LSR5 o0l i & B
1% 28.11%. 22.36% #l1 26.87% (P<0.05); fij M43
£ a/M 5K b FIZEEHE DR &35 7.20%
F123.46% (P>0.05); JifinsMERERS , RAFKIHE

S TR e E a, HHEEE b,
S SRR NS A N 2 R R el 2 R
HARFE 2.0 g/kg REALFL T A2 i i (H
2.4 HMJEFEXT T B A R M N R (MDA) &
il

ST 5 CKA, T243 (D)4
JH I MDA 2 & B350 17.22% (P<0.05); B
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Tab. 4 Effects of exogenous silicon on the photosynthetic pigments content of tobacco leaves under drought stress

AbER Mg Ral(ugg') MR (ug g mag¢ a4 &b M-SR (pg g KEHE PERE/(ug g

treatments chlorophyll a chlorophyll b chlorophyll a/chlorophyll b total chlorophyll carotenoid
CK 759.90+5.16 ¢ 210.2841.27 ¢d 3.61+0.01 a 970.1846.37 ¢ 102.4142.90 de
W+Si, 841.38420.24b  258.62+8.28 ab 3.26+0.14 b 1 100.00+20.19 b 160.10+3.22 be
W+Si, 898.35+4.49 b 262.65+3.05 a 3.42+0.06 ab 1161.00+2.84 b 170.12+7.32 b
W+Sis 994.51443.50a  274.76+25.26 a 3.65+0.17 a 1269.27+68.52 a 235.36+36.31 a
D 546.2742429d  163.26+6.88 ¢ 3.35+0.07 ab 709.53+30.63 d 78.38+19.95 ¢
D+Si, 600.89+1.08 d 182.82+5.76 de 3.29+0.10 b 783.71£6.73 d 110.72+1.88 cde
D+Si, 775.24420.42b  226.72+11.77 be 3.43+0.09 ab 1001.97+31.87 ¢ 138.89+19.46 bed
D+Sis 874.00+£3.33 b 266.67+0.91 a 3.28+0.00 b 1140.67+4.24 b 170.20£1.26 b
T 5 Wil drought stress (D) ok ok ok koK ok
AMNJETE exogenous silicon (Si) ko *kk ok ns ok
DxSi ns * * ns ns

®5 MNEENTFEETEEMR
A (MDA) 2 EHFNE
Tab. 5 Effects of exogenous silicon on the MDA content in
tobacco leaves under drought stress

Ak I &% &/ (nmol-g ")

treatments MDA content
CK 11.3840.32 b
W+Si, 11.27+0.49 b
W+Si, 10.57+0.27 be
WSiy 8.870.86 cd
D 13.34+1.01 a
D+Si, 11.44+0.71 b
D+Si, 9.5440.33 bed
D+Si; 8.64+0.19d
T E Wil drought stress (D) ns
HMJETE exogenous silicon (Si) ok
DxSi ns

LirE R AL R, MDA & &2 TR ki
ey 2.0 ghkg fEALHN, RAFKpEHA ST F
JilpiE A BRAL %) MDA F &R E Ak, 5 CK 4351
B E R 22.06% F1 24.08% (P<0.05).
2.5 AMJEREXS A N AR IE TR R
ip=Al!

H 3R 6 AT MRS R Y B A R T
5 W 360 i Ak A B S 2 S e (P<0.01,  P<0.001),
{H %2 5 5 it ik 09 3¢ HL AN AS i 3 (P>0.05). T
BHEHAT, 5 CK AL, 5 (D) 4
JR R ATV R R R A e A
(P<0.05), JtmsMERES Lk 3 AN bRtk —2 Tt
B, T D+Si, #l D+Si; 2 BRRFERS & B B E )
15, D+Siy AbF 4 FIB S T e

RIFARDEMET, ANERERENS N [R)F2 B Mo 5% i
MR . VERY . RTVA R AR R AT R Y A
i, DL B SR FRYBE R MR R I R T
e, HAE W+Siy AFE AR i e {E
2.6 AMEAEXS 5 A TR 0 B A 1 T
Al

mIE L. TREPRNET, 5 CK M, T3
AbEE (D) 4141 Y SOD, CAT. POD Hl APX i
PERE TR, BRI 53.15% . 65.21%. 49.45%
F141.15% (P<0.05); SMNEREANHS, SOD. CAT.
POD 1 APX {fiPE 2 &%, H D+Si; &bFRHY
SOD. CAT #il POD & PE¥9%k &2 2% BKF; K
WoKAEMT, SMtifEL)S, SOD, CAT. POD
FAPX WG PE#E— 20T, HAE W+Sis Zb Bk F|
KRB T 5 5 Ak 0y 58 BN XA ) SOD
CAT Fl APX 15 3 #2252 1 (P<0.01 Y P<
0.001), {HX POD {fH: A i 2 (P>0.05).
3 Wit

TR a R T LA RE ST, BHASYEY
Ak, SFEEY SRR, mEN R SO
oo AR REREAE N —Fh £ H], 7F
e A i 5 3 rh RR AL Y)Y B RE AL AR, 3 0R
HY FCAEER, NI & ED PR,
W MR T RRURT AR A AR A S e
JBih3E XAFL ) 1) S e P2 B S5 AE b 5 e ) P T
bro A, TRBEET, MWEkbkE . i
B, SRR W) SRR AR 0 R R, L
T ARG N, X AT AR T R e R
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Tab. 6 Effects of exogenous silicon on the osmotic regulatory substances content in tobacco leaves under drought stress

Qb AR S/ (ngg') AVATEEA SR (ugg ) VA TENE S E/(mg-g ) VEM S R/(mgg)
treatments proline content soluble protein content soluble sugar content starch content
CK 16.99+1.38 d 7.77£3.15d 40.39+£3.22 f 4.02+0.12d
W+Si,; 39.00+8.55 d 16.23+3.48 ¢ 47.18+4.64 ef 5.82+0.24 cd
W+Si, 43.20+8.52d 18.56+2.28 bc 63.20+5.78 de 8.80+0.13 be
W+Sis 85.3742.26 ¢ 23.94+1.76 ab 83.40+12.00 ¢ 11.84+0.85 b
D 121.25£19.29 be 19.69+2.84 be 65.98+2.12d 6.74+1.11 cd
D+Si,; 125.78+11.25 be 21.15+0.77 abe 96.98+3.20 be 7.0940.57 cd
D+Si, 138.21£15.14 ab 24.73+0.51 ab 104.46+2.58 b 11.32+0.39 b
D+Si; 174.00+£26.18 a 28.31x1.75a 127.97+0.30 a 16.91+£2.92 a
T 5 Wil drought stress (D) ok ok ok ok
AhJEFE exogenous silicon (Si) ok ok ok ok
DxSi ns ns ns ns
90 . . 90 . .
5l drought stress (D): *** + 5l drought stress (D): ***
80 | AN exogenous silicon (Si): *** 80 | AN exogenous silicon (Si): *#*
DxSi: ** DxSi: ns
70 + a = 10t a a
o 2 +
P = _60r b _I_
B £ £
Sz S0t <z s0f be 1
H g d £ 8 _I_ cd
2o 40k 2a 40} d
a3 H9
27 30+ H27 30
€ a €
20 b £ e 20}
10 + 10
0 L L L L L L L ] 0 L L L L L L L ]
CK W+Si, W+Si, W+Si, D D+Si, D+Si, D+Si, CK W+Si, W+Si, W+Si, D D+Si, D+Si, D+Si,
90 . 600 - .
T-E 38 drought stress (D): *** T5JWHE drought stress (D): ***
80 | #MNJEHE exogenous silicon (Si): *** HNJETE exogenous silicon (Si): ***
DxSi: ** a 500 | DxSi: ***
o 0t 2
o0 e0 a a
= 60 | *} =400 T M
Ez g2 b
5z 50+ S Em
E 3 g 2 300 +
SE SE
#HO =
B30 f BT 200 £ .
= ¢ > de d
5 20 F o d % €
§ 100 -
10 F e e
0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1

CK  W-+Si, W+Si, W-Si,

D D+Si, D+Si, D+Si,

prosii}

treatments

CK  W-+Si, W+Si, W-Si,

TE: B A 1 AF/NE TR R BIE] 22 5 13 (P<0.05); **. P<0.01, *** P<0.001, ns. P>0.05,

Note: The treatment combinations are shown in Tab.1; different lowercase letters indicate significant difference among different treatments (P<0.05).

Fig. 1

1 SNEREX T 28 TREM it E SR AR

D D+Si, D+Si, D+Si,

Effects of exogenous silicon on the antioxidant enzyme activities of tobacco leaves under drought stress
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