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Effects of silicon on the resistance of oat seedlings to stem rust

LI Yinghao, LV Pin, MI Junzhen, ZHAQO Baoping, LIU Jinghui® , XUE Guoxing
(College of Agriculture, Inner Mongolia Agricultural University, Hohhot 010019, China)

Abstract In order to explore the physiological function of silicon in oat seedlings’ resistance to stem rust, the oat
variety ‘Bayou 1, which is highly susceptible to stem rust, was used as experimental material. The nutrient solutions
containing different K, SiO; concentrations (0, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mmol/L, respectively) were irrigated
into pot. The resistance of oat seedlings to stem rust, photosynthetic performance, antioxidant enzyme activity and
osmotic regulation substance content of leaves were measured. The results show that: Under the condition of
inoculation with stem rust, 1.5 mmol/L K,SiO; significantly increased the resistance of oat seedlings to stem rust,
photosynthetic characteristics, antioxidant enzyme activity and osmotic regulation ability of leaves. Compared with O
mmol/L (CK), the dry weight and fresh weight of oat seedlings increased by 90.91% and 74.71% , respectively. Leaf
chlorophyll content increased by 18.67 % , net photosynthetic rate (P,) , transpiration rate ( T,), stomatal conductance
(Gs) and intercellular CO, concentration ( C;) increased by 51.47% ., 285.71% ., 285.71% and 27.78%.,
respectively. The maximum fluorescence (F,), photochemical efficiency (Fy/F,) and photosynthetic performance
index (Plags) were increased by 19.62% , 7.69% and 5.84% , respectively. The activities of superoxide dismutase
(SOD) and peroxidase (POD) were increased by 35. 66% and 28. 88%, respectively. The contents of
malondialdehyde (MDA), soluble protein and proline were decreased by 50. 00% ., 27.45% and 16. 62%. In
conclusion, the exogenous application of silicon can improve the resistance of oat to stem rust, and 1.5 mmol/L is the
optimal concentration of silicon.

Keywords silicon; oats; stem rust; disease resistance; photosynthesis

WekE H W . 2021-08-20

E4WH. EEE S LR (2018YFE0107900) ; F 5 #% #2 42 7=\ 8 Rk & (CARS-08-B-5)
H—AEE . B B4 E-mail: 2466528827 @qq. com

WIRVER . RIS, 2082 . £ NFEWHE S 552 WF 58, E-mail: cauljh @163. com



] 2=

oF

. R g A 4y T AT 5 B B D B AR T 69

W (Avena sativa L) =R E b7 AL HE X
FNPG A 5 XA A 2 55 IX. 3 A AR AR IR 9
PEFFREOAEY) . BAT BT 5 T 9 W R0 38 17 M o 45 R
S e 2 FF 55 B (Puccinia graminis {. sp.
avenae) 3| 2 B FT 55 o 2 52 e 86 22 7 k0 i Jo A R
K FEZ " ERE R A MNEE AR X%
b3 3k A HL ™ R RO i A (H TR R AIG
TR R €5 BB AN A7 T EL 25 FF 5 4 W L FF R BT o B R
I W A 45 2R 7 62 AT B 0 AT 3 ™ R K
SY% LA BN, HAAE MR A, XA R 00 B IR
T g R Al A 2 R R X AN H 2 S
E2 0% P T NEIES PPN 3 (39 A D = A 7o S B 1
] R MG AR AR B AP M RO B v A R Y
ARG AF U M= B TR R AT ), R 5t
iR FEENITRZ — BARZOTR A Y A K2
LIOUR EAE S AR U M b A A AT ek X
IR LA 2R A AR R o | B SRR |
TR AT A S I — e B TAR ROR
PRI, SR ek R 62 455 9 1 B 80, X 17 I e AT 475 5 B
IR R AR MR R m AU A SR X

P 07 S5 B L A U R AR G B AR N A2
U 1™ J B, A X R 8 RICR A 38, 806 [ I 4
Tl fE . Rk LB T o A R B
ST PE DL S8 325 A Y W o i R i el
1 2 5 WA A A AR B, AT R R A BT
M R, O T AN R RE 3 5 a8 2 R 4 9 Bt o
G AR WAE L A5 LA 5y ST 55 s 114 48 22 1 il < 301
e 157 g bk, HIAS [6) Wk B2 0 A R 3k Ak B
N0 7 e 22 AT 45 8 BU bk i RO B R RE BT A AL BT 1
LB T W B A R AR . B AR ST R AL
FE% 5 2ok A v 9 28 B D B LU S g ik B 3 e 2
FEEE s 2 41 B A 30

1 M#BEFRE

1.1 R

VE 50 BT 455 9 1) HE 22 R < ik 155 il
AL, AT 22 FT 455 TR DA 5K R 101 1T ARl o 2 [ HE 22
A7 g TSR L 158 B FH A RE R h (K, S10,) S H At

P00 29 A 40 B 4 T 97 3 B Hoagland™™
ML T AT

1.2 RBEHE

1.2.1 ®REHWHEH

IR AR DT I il R e S de o S5 8 e+

ety 1 1 Bt BHR A M. s+ N+
P+K & >10 g/kg, i Pl % 7 > 50 g/kg, pH
7.0~8.5, MBI E 12 cm, B2 15 cm, 54534 R
G4 1 kg, B FL R AR S5 R AEL T,
B 10k, MENTEHAZE T HOLRS f
(i
1.2.2 #H7&

TF MEAZ W) 1 56 — W 3 43 R I B — i — 0 B 4
e R N AR R (U i Wik % LI = R Ny R 7 2
B AiAL T RO FT S N TR B TR IR L L R O
I T 19 2 25 Bk SBORE 5 B B A1 IR 4K T s .
FEAh S A i TR R A i HOREE 3. MR
MR FH 0,05 % ¢ ik R-207 7K I W W 25 T8 WG A% T 1
JCETE 16~18 °C [ B I P I8 16~20 h J5,
MANTIRE N ST R REEHIAE 20~25 C,
14 h(J6) /10 h(HE) . #F0 6 d J5 TF b 1 K W L0 B
(RAFHD RN O, Frdfh 15 d WINAR e )5 = 1Y
CRARH e HE B HERR .
1.2.3 &KXkt

BB 7 ANAMNEGE (K, SiO, ) ¥ B B B2 L 490 8 0
(X HE,CK)>.,0.5.1.0,1.5.2.0.2.5.3. 0 mmol/L,
AN [ A 3L 6 7 % VRT3 A A R Ak R ) A
(KCD b 78 F T HE 04 9 B AS [7) T 2 > 10 B 5 4 1Y)
ZH B I WREE ., WL B E T RRRR 3 d
AN [F) e BE Y & RE S SR AT R B AL
200 mL, RELH K & — 0t —.0 VB AT R Bl fR 2
Bl 15 d JE USSR BE (R A F 3 & R L .
1.2.4 MXIGAFE T %

R R AT 5 1 )5 55 15 R aE4T 448 Fn I 5 I
IR, TRURE A5 Ry ol A B S 5 T 6L i i

FE4F5 o 2 G B A0 5 6 s 238 < R I 280 o O A
R B E R %

U RE i R B T A i o A 0 T AR
S BB E L %

B R B IE S IR Stewart & [k

SR FH R SR A B (30 s e R e A R R
TR T O A gl T R £ AR A
EM SR E S CIRAS-3 i 3 KO0 &1 F &
REMECESH A NEEHE P EBEE T,
SILFE G HiE CO, ¥ C) s FMS-2 i #5 5%
Jok e ] 2 A R S 2R 9O B B (W) IR
F, e R7t F, 2808 F/F, DA Re e 4L
Plas), AIEHER S E. TSR T8 e RS



70 hOE R R R

2022 4F 55 27 %

i N MDA & & 3l E ALY R (POD) i 1k |
ALY AL (SOD) 1 P S5 8 A5 1 I 2 2 2= &
A T
1.3 HESH

I B R ] Excel 2016 K # 3 47 Ab 38 F1 /B
Kl #I 1] SPSS 22. 0 B ik 47 5 2% 43 M, IF iz T
Duncan’s 0634 i FE 2 FHITZ HILE .

2 HERESW

2.1 AEIRER B X3k & #4559 B B9 &2 T
ML T AT R it AN [ e B B e I it A SR B

ANTR) Y 22 9 R L B 25 ik ok B 1 38 ke e i 7 AR
B FF 455 B A o S B S D S B 2 I A Ak R
0 mmol/L FEALFRA M A L F £, 1. 5 mmol/L
Fef Ak B ) it 96 o e D L i AN R I R A R
PG, DRI, AR FH Ak T DA AT RECHR g A AT
prtk, HLL 1.5 mmol/L NEAEkE .

P % 1 R gt FH Ak kT 8 2 R I R 22
S i 1Y A0 R RN R, BIAE K, SIO; W EE R
0~1.5 mmol/L B, ¥ B B 57 , 388 22 FF 55 96 1) & 0
AR B N A e o GOBRAIR AN [ ke ik A BN FE B
s B A R ELAT B 22 5 (P<<0..05) . 1.5 mmol/L

K, SiOs ¥ )& / (mmol/L)
Concentrations of K»SiOj3

B 1 FREREFLETHREFEROIRAE

Fig.1 Resistance to oat stem rust under different concentrations of silicon
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Table 1 Control effect of different treatments of silicon concentrations on oat stem rust
K;SiO; ¥/ (mmol/L) RIGH % I e BiiiE s R/ % FEERE/ %
Concentration of K, SiO, Incidence Highest disease level Control effect Severity
0 (CK) 100.00£0. 00 a 4% 0.00£0.00 f 7.0540.14 a
0.5 95.96+2.22 b 4 4% 6.56+0.28 ¢ 6.85+0.27 a
1.0 90.70+1.46 ¢ 349 21.25+0.23 d 6.024+0.15 b
1.5 72.04+1.87 e 2% 31.25+0.86 a 4,5640.20 ¢
2.0 82.04+1.70 d 3 30.25+0.61 b 6.74+0.17 b
2.5 82.33+2.05d RE/ 25.454+0.51 ¢ 6.21+0.25 b
3.0 83.53+1.55d 34 25.25+0.26 ¢ 6.2540.24 b

E AR /NG FREFRAF A Z W FE 0,05 KF E2FRE. B3 AEL LR PIEImERE, TR,

Note: Different lowercase letters indicate that there is a significant difference at the level of 0. 05 between different

treatments. The value is the mean= standard error of the three repeated variables. The same below.
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Different lowercase letters indicate that there is a significant difference at the level of 0. 05 between different treatments. The value

is the mean *+standard error of the three repeated variables. The same below.
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Fig. 2 Dry weight (a) and fresh dry weight (b) of oat seedlings under different treatments of silicon concentrations
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M, 5 CKMIH,1.5 mmol/L K,SiO, 33 i B 1
P, T..G, & C {54 % Ft 5 51.47%.285. 71 % .
285. 71 % F1 27.78% ; 5 1. 5 mmol/L K, SiO, &b

R2 AEAREELENHREHRAIAXE

ML .3.0 mol/L K,SiO; #b ¥yt A P, . T..G. &
C. 18 47 5 B ik 15.86%. 68.15%. 53.09% #
22.06% .

Table 2 Photosynthetic parameters of oat leaves under different treatments of silicon concentrations

K, Si0; #¢ / (mmol/L) HOlba ER/ R/ AL/ J ] CO., Wi B /

Concentration (pmol/(m* » s)) (mmol/(m® * h)) (mmol/(m* * s)) (pmol/mol)
of K, SiO; P, T, G, C;

0 (CK) 2.04£0.04 e 0.3540.02 f 0.021+0.012 ¢ 262.50£4.29 e
0.5 2.0540.04 e 0.39%0.02 f 0.02340.007 d 269.20+6.88 ¢
1.0 2.3640.03d 1.124+0.03 ¢ 0.05240.017 be 301.11+£8.40 ¢
1.5 3.09£0.03 a 1.35+0.03 a 0.081%+0.010 a 335.42+9.65 a
2.0 2.9940.04 b 1.30£0.02 b 0.07440.014 ab 320.53£10.53 b
2.5 2.65%0.03 ¢ 0.9340.02d 0.04040.010 cd 284.82+5.354d
3.0 2.60%0.02 ¢ 0.4240.01 e 0.038=40.020 cd 261.41£3.97 ¢
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Hi 2 3 AT AL 75 AT 45 0 B 4= U 2% 1 1 it AN T)
Ve T R U TR THE S I A% T O S B H B
AL Fo JF ) Fo B PLys 9 Rt i A B 5 (9 357 T 52
L 2 T R A e F AR AR SR B, 2
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K,SiO; &b Bt J F F,/F. & Plys 50 3 B AR
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Table 3 Fluorescence parameters of oat leaves under different treatments of silicon concentrations
K, Si0; ¥ / (mmol/L) Y6 NP etz 3R P fE R %L
Concentration of K, SiO; F, F,, F,/F. Plags
0 (CK) 443.49F7.77 a 2 059.38+28.16 ¢ 0.784+0.03 b 1.37+0.02 ¢
0.5 439.124+9.67 ab 2 087.20+37.51 ¢ 0.7940.03 b 1.394£0.02 be
1.0 421.15+10.49 ¢ 2 156.43+27.44 b 0.8040.02 b 1.40+0.02 be
1.5 399.95+7.37 d 2 463.45429.80 a 0.8440.02 a 1.45+0.02 a
2.0 402.7148.89 d 2 156.58+£17.27 b 0.8140.03 ab 1.4240.03 ab
2.5 425.0245.20 bc 2 100.67433.09 ¢ 0.80%x0.01 b 1.3940. 01 be
3.0 439.16=+9.05 ab 2 086.15+15.00 ¢ 0.794+0.02 b 1.37+0.02 ¢
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HH 2% 4 AL FPEE IR AR UL 25 10 T AT vk B ik b
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F HEUR BE S W36 L iE B SOD Al POD 34 1 2 3 T

1 1M MDA AT 2R R 2R & e B i A . Y
K, SiO;>>1. 5 mmol/ L B, £ 3 45 i Fifi ik 4% 2 184 fin 35
BT — B A FE, 1.5 mmol/L
K, SiO, 4b B4 FeZ i /- SOD Al POD 3% ¥ b CK 43
BT 35. 66 %0 F1 28. 88 %0, MDA | AT ¥4 2 14 A1 il 2
iR & H CK 230 BIFEAR 50. 00 % .27, 45 % Fi1 16. 62 %,
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Table 4 Aantioxidant enzymes and osmotic regulators in oat leaves under different treatments of silicon concentrations

KoSiO, WeBE/ ML LG T A T v
' AL o L T LR W R B/
(mmol/L) WwitE/ (U/g) (mmol/g) o/ (g/g)
(U/g) (pg/mg)

Concentration  Superoxide dismutase Malondialdehyde Soluble protein

Peroxidase activity Proline content

of K, SiOy activity content content

0(CK) 5 525.95+88.28 d 3.224+0.06 e 0.16+0.02 a 21.20+0.07 a 401.80+5.05 a
0.5 6 445.01+82.10 ¢ 3.36£0.07 { 0.1420.02 a 19.85+0.12 b 396.46=+6.90 a
1.0 6 889.87+£93.63 b 3.5540.05 d 0.1240.01 ab 17.52+0.05 d 386.0149.35 a
1.5 7 496.48+99.05 a 4,15%0.08 a 0.0840.02 ¢ 15.38£0.07 f 335.01£10.41 ¢
2.0 7 523.754100.25 a 3.954+0.03 b 0.0940.01 be 16.23+0.04 e 345.40412.93 be
2.5 7 012.73497.34 b 3.7540.09 ¢ 0.1340.04 ab 17.4140.05 d 352.45+8.60 b
3.0 6 958.31+70.67 b 3.52£0.03d 0.14%0.03 a 19.36+0.03 ¢ 386.07+7.74 a
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BAFFSHERE AT .5 0 mmol/L(CKY M L,

faF 1.5 mmol/L K,SiO, A] I 3 42 & #e & 4 i FT
By Dt AP, T, .G..C . F,,.F,/F, fl
Pligs) 4% 5 & & b & AL B I 1 (SOD. POD) il
BE Y B AR TR PRI ) .
Ui WY, A1 50 Ak 8 ) 2 5 A 0 A A AR RO
WEEPAF SR AEE 7, H L 1.5 mmol/L A
FEREWR B
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