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Abstract

To investigate the role of nano selenium in plant protection, this study utilized a plant endophytic
bacterium to synthesize nano sized selenium (SeNPs) and applied it to the study of cotton resis-
tance to Verticillium wilt. In vitro antibacterial experiments have shown that SeNPs have an inhi-
bitory effect on the growth of Verticillium dahlia (V. dahlia). Plant growth promotion experiments
have shown that sodium selenite can inhibit the growth and development of cotton. But when the
concentration reached 50 mg/L, the leaves of the plant significantly wither and turn yellow. The
root length, stem length, fresh weight, and dry weight of the plant were significantly reduced
compared to the control group (p < 0.05). As the concentration of SeNPs continues to increase, the
growth of cotton becomes vigorous. Compared with the control group and the 50 mg/L sodium se-
lenite treatment group, the root length, stem length, fresh weight, and dry weight of the 50 mg/L
SeNPs treatment group were significantly increased (p < 0.05). The antioxidant results indicate
that as the concentration of SeNPs increases, the antioxidant enzyme activity of diseased cotton
gradually increases. Compared with the control group, the 50 mg/L SeNPs treatment group signif-
icantly increased CAT, GSH, and SOD in the leaves. On the contrary, the activities of H,0,, MDA, and
POD significantly decreased with the increase of SeNPs concentration, which indicates that after
treatment with SeNPs, the degree of stress on cotton by pathogenic bacteria decreases. Therefore,
SeNPs can enhance the activity of antioxidant enzymes in plants, thereby enhancing their resis-
tance to V. dahlia.
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1. 518

iR WAL TR IGER, SeNPs BRI IR R E 2, TERAED BRI R v s & =
') SeNPs BEWEHE S P IR BE AR 2 1 [1], $emKIG ARS8 22 iy =g, DARGR R, b, mhag R A
A3 C IS R[2] [3]. FEWHI 1 SeNPs (354, &M T &P =AEkiFh 7, BESR &M & &4
B F TR AR SeNPs [T IEZH[4] [S]: Ak, SeNPs iBRESR M W B L H TS &[6]. 423
993 5 B (AR T T G 2 ARV MR SR (ROS) I H 2 AN T 5 S50 4 i s LA R s 1 B 1 9 55 K 40— 0 Jof o 81
. SeNPs &V 2 HUa LB i B4 RBGH 2, ana b H IR S PR AR 208 25 8 SR G, JFH SeNPs
W RESE A AL (SOD) i S Ak A (POD) A 2 By S AL (1035 1tk s Rk, W25 T Rk S ALIE SR
SNE, TR IE U A S A, AT B AR A S B A A7) [8]. 45 L, SeNPs BT LU# i Ay
YA ER . (ERHED A K IR m AT BE S SR R U v . A3 2500 E B i
RKANFEAL R ST S R AR . B SR AR o o i a4 TR, R A
T S AR A A T E IR [9] o IR P B T AR AR IX A AT EYISR UL S R — MRINAELE,
EEBUIAERIRR, M KRR, ™E SO, MELAERI[10]. 7Rk, ANBFA ORI
IR T REL R A P 3 5 L ) v AR U A R AN T 52 14 SRB6 A= 4145 BL SeNPs, T 9T SeNPs I A= 4 F DL K Ak 4k
FUEE s PR R IS b B X M AE 4 i 34T Ab B, #R 15 SeNPs e bk 09 (5 LA K AR 5% I A LB
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AT E N SeNPs FEAE P i M F $240t— 2 i PR St
2. &A%
2.1. SeNPs Byl & 5 RAE

AL LR r 23 8 H ek FE T 52 1) 82 EC BT 1 (Enterobacter hormaechei) i ¥k SRB6 #: 1 5 mM E
BRI R 953 (1%, viv); T 37°C. pH 7. 150 rpm F153% 48 h. £79%45 9 )5 10,000 g &40 10 min. T
JEK ] 0.9% (W/v) NaCl #:i% 3 ¥k, PR E T 20 mL Tris-HCI Z23F3(50 mM, pH 8.2)tF . #RJ5, KE
BV 10 min. 10,000 g #5.0> 30 min 4> B AN B 22,500 g #9030 min W EEALAL Y SeNPs; it
Ak Pk 2 WEHEB T RE T /K. FEREEA G TG a7 R,

2.2. SeNPs fobn & &M

V. dahlia 4 KRL RLAT 93923, 5 mm IOFTFLAISE B I ST BYE, 2 53 T AR
WPEKAR(S. 25, 50 mg/L) PDB 535 skrh, I 1 M B 78 & gy KRR AR 15 37 2 A R B AL
TR F T 28°C 150 rpm. 1537 14 K5, BUHHETARE.

2.3. EHPMREEMR

PR AE M TIH BE[11]; S P AEE R /£ 25°C . 8000 lux YtHE 16 h. I 8 h 244 45
It o MK KNS ATH G (4~5 o B 7), BB . DI R A SeNPs RIEHRAE A
XPHRA,  SEIGZHAE R P 2 BT AN R 1) AR FR AN ER SeNPs; B HANER, & 1~2 REFHHE—
K. £ 25°C. J6HE 16 h/d B IR 5% . B R — X JC B K DURIE 380 5 . 45 K540 B F Il & 4F
KAahz.
2.4. FEPKITEM I

il E A 1 x 107 mL™ ) V. dahlia #7230 K SEIGAH AN AR BRIZ AN 3 h; Bl S RS AR BI1E 7L
o o, XTHRAANG B, WABINGURANERL; SEI0H A 4 B0 AR A H, w43
WA AR 2 B AR oK A RURE(0 5+ 25 #1150 mg/L). FHHERE T 25°C. JGHE 16 h/id. FHXTIR AL 60%(13: 7%
FahE TR B 1~2 RBGAT B Rh T S5 2 AN S50 A AR R o B0 R — K 7K LAORAIE T 43808
R R LA R AR B R AR S, TFAR I E B S

2.5. HEKIBFRNE

FEALTE 45 5, WSERMRAE IR, IR ZRIRKIBUET5, AR TR TIEEPIRE. 2K,
MR R BEE, ZJEET 65 CHUEM T EEE, NERRK T,

26. HERSEMNME

SRR S BN ERESE T EEEMNTTIENL2]. 0.2 g MBI, B THEMAH, B 10 mL AR
MK OB (LD)RER, THEAREERMT 24 h BOGAH, Frrh 22 E tus, HIsfETHE 663 nm
A1 645 nm FIEWOCEAE . M AN 1~4 HEHZER SR,

Ca=12.72x A663—2.59x A645 Q)
Cb = 22.88x AB45—4.67x AB33 @)
C(a+b)=20.30x A645 +8.04x A633 ®)
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M43 & & (mg/g) =(CxV)/(1000x M) (4)
C: MY mg/l; V: HERBEBSAE mL, M: 6 g.
27. BERSENE

e S P T A PR 52 22 B Whiite 1) J7VE[13] 0 BRSO € 77240 R : 0.1 g #rfsf i in A 5 mL 3%
LK R VA T, Wi KA 10 min J574 20, 4°CE02(10,000 rpm, 15min). % 2 mL f) Eis# . 2 mL 2.5%
Efi =B A1 2 mL VKBS ER VR &, W /KIB L ho ¥ H1 G NN 4 mL FEER AR R, B 12304 4°C 25.0,(3000 rpm, 5 min),
£ 520 nm AW EROGRE, AR I S R bk M 2T SRR I A R 1) 5 o

2.8. FEMEME

AL Y AL B (SOD) VG 4 I sg v A S IR 2 A E I TR [12) . i SE AL Pl (POD) I 14 Il 52 5 2 I RE
PRI Tk [14] . TEAE(H0.)7K 12 B8 Verma £ A\ TR B 7 v & EIEWR P & & [15]. T8 LA
(CAT)IE 1 55 il U BR v P (0 5 v2: 2 R White FJ774[13]. TH S (MDA)TEPE I 58 1 2 18 R PR ik it 7 1
[14]. & JEMEL HEH R (GSH) R F B Kk AR R HAT S 5E o
2.9. BN

A BRI R EME £ bRz, H SPSS 19.0 MR HE4T B PR 277 24> H7F1 Duncan £ H tb
(P < 0.05) 5 Ge T 40 M. A8 A B3 A4 Origin 2021 #E4T1E .

3. KRENH
3.1. SeNPs HIFR1E

FEB RT3V 2 Al TR T LORE AR IR B PR3 S LA — 5 K/ INITEAR BT A KSR - ASHTF 71
YL R I% T SeNPs, A RBLII S R LA H (8] 1), BRR A G RURLR /N 1 BBy,
FIRAN LT -

Tl 1 &
i, -« {20 1 PN
bR e N e
Figure 1. SEM characterization of SeNPs
[E 1. SeNPs K SEM FAE

3.2. SeNPs R R B
NT EAREYE P SeNPs IPLETE 11, EARRIKE SeNPs 55785 4 fh KIN#e R, I
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RSO, S5 RN 2 Bros . SXTHRAUAHLE, BEsE SeNPs ik EEANMT T, WIREIER IR 14 Rf5, T&
BRI AT, =R LY SeNPs X it B i AR KA H il F o

0.5

04F

02}

0.1

Dry weight of pathogens after 14 ndays

1 1 1 1

control SmM 25mM 50mM

Different concentrations of SeNPs

Figure 2. Growth of V. dahliae at different concentrations of SeNPs
[l 2. F°[E] SeNPs iR E T AR E R E KR

3.3. SeNPs BI{E4E1EMH

e 1 pR, SeNPs HUMIFIFRE S 7ARAEME FRa it GFEIRK, 22K, AREE., SERMTE, X
SeAE AR FR BEE AUOKAN (5. 25 A1 50 mg/L)iK FE AN T Z i in . I L, 55 06F SR ZEL A SV At 7 7 Ak P2
HHEL, 50 mg/L SeNPs A FRZ MR S8 L e AN TSI BN £ A F A A, i HoE o]
B

Table 1. Cotton growth indicators

=1 REEKER

AL TR (mg/L) R+ (cm) K (cm) % fief 7 (g) TH#(g)
ot R 17.85+1.53 21.88+1.14 6+0.83 3.09+£0.32 0.81 +0.09
5 mg SeNPs 14.25 + 1.60 25.13+£0.65 7+0.83 3.01£0.94 0.53£0.06
20 mg SeNPs 18.50 £+ 0.71 26.88 £1.39 7+0.50 4.39£0.59 1.01+0.28
50 mg SeNPs 2750+ 1.22 32.25+1.75 6 +0.43 4.58 +0.53 1.11+0.18
5 mg Na,SeO3 12.63+0.74 19.50 + 1.27 6+0.71 2.17 +0.49 0.42 +0.09
20 mg Na,SeO, 18.88 +0.74 19.88 + 0.65 5+0.43 2.21+0.48 0.53+0.10
50 mg Na,SeO; 1525+ 1.15 20.75+£0.75 6 +0.43 1.95+0.38 0.56 £0.12

FHEE T 50 mg/L SeNPs AbERZH, HAMACHIEZR SeNPs XY A — @A KBER: Wl 1 HE
SeNPs #K FEIAN WG N, HEA 0 ALK ORBRHE B (1] 3(A)). [FIE, A EL T T ARBR AN AL #EH , (IRVR BE 1) SeNPs
XA RERIER, WA SRR K. (HEE AR NI L AR & (5. 25 F150 mg/L), )
ARKWRE 7 —ERMEER, JF BBl TR IR (5 3(B)).
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Figure 3. The growth status of cotton plants; (A) from left to right: Control group, 5, 25,
and 50 mg/L SeNPs treatment group; (B) From left to right are: control group, 5, 25, and
50 mg/L sodium selenite treatment group

3. IBIEMIEKER; ANLEGHRRZ: B, 5. 25, 50 mg/L # SeNPs
R34 ; B)MEBIGMHRRZ: XER4E, 5. 25, 50 mo/L HIILAREL AL EELE

3.4. SeNPs XHH%3 & =0

SRR RPN A R —, EREEN DUA BRI A KORES o AHF 780 E AR (0 5.
25. 50 mg/L)[*) SeNPs X4 F V. dahliae #{E it &t & &M X REAIAEF V. dahliae, AL
SeNPs 4b¥E. WX 4 FTLUEH, B SeNPs iR EE 1Ty, ACFRAL 2R3 & EZ i Fh iy o AH B RRA,
50 mg/L SeNPs b FRAH [ S 4R 38 & & b oA 35 s SeNPs-0 AbFRAH (1) S 4R 38 & eI, /M b H A
W, SRR b IS =R

1.2
[ Chlorophyll a [_] Chlorophyll b 32 Total Chlorophyll
a
10 | &

)
= c
29
%g d i’ a
E -:'E-
~—
= b
) c
o
—
g
=
s a
2 b F
= be .

_ 1 1 1 1

control  Non-inoculated SeNPS-5 SeNPS-25  SeNPS-50

Different treatment groups

Figure 4. Chlorophyll content of cotton plants in different treatment groups

4. FELIPADREERNHTRRESE

3.5. SeNPs P& ES A RN

Fi R A AL 32 B S W A5 s T DUR Y % 2 A B i A1 ROS IBAEH o« ASHIF FE A0
ANAIR (04 5+ 25 50 mg/L) SeNPs Xt V. dahliae i A e AR bk il Z0ER 1 5200 X6 FRZH AN/ V. dahliae,
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WAL SeNPs AbEH . Z5 5K U1E 5 Fiiom. BEFE SeNPs WL THEr, Tl 2R (1 BB B AR . AH ELXT R,
ARG SeNPs AbEH 4] (SeNPs-0) I & IR & i K, DLW 2 2 17 ORIRFe R i haa , 5 25l 18 1 2 R
KR SeNPs-50 AL FEL (=R & FEARXT LR, W] SeNPs Z2A# 15 J5 IR0 Rk (1 e 1 A o

0.6 - T

05F

04

03F d L

Proline (mg/g FW)

02F |

1 1 1 1 1

control Non-inoculated SeNPS-5 SeNPS-25  SeNPS-50
Different treatment groups

Figure 5. Proline content of cotton plants in different treatment groups

E 5 FRAEAPRELERIAERIE

3.6. SeNPs XHin EULEHERF N

CAT. GSH. SOD. POD 2t A RS h EZ M BUEIE; X Leh BT DLA SOt 32
YIRS S Ra I Re /., AT B m R UR JE w 1Ee 7 e, H,0, 5 MDA 2 HENUASTUEA A

WE 6(A) TR, (EEME IR B AR F, CAT & EMAE SeNPs ¥R I F+ =i 75 - 50 mg/L SeNPs
AR CAT &2 Lk SeNPs-0 b4 (R4 SeNPs b3 = T 83.67%; AHLLXTHRZAFAAIL T 12.50%; 1%
Ui BHZR T R B SeNPs b2 (14 R A6 47 B A U ARHLAE 0 5L 14 1= 5 (1 e

Wi 6(B)Fr, GSH & &Rt SeNPs i B2 1) = AW Tt 50 mg/L SeNPs ZLFEZH ) GSH & & Lt
KRBT SeNPs [1)4bHE 2H (SeNPs-0) /=t | 46.63%; 1M 5 F1 25 mg/L SeNPs ZbERZ[] GSH & & 737l &= th
28.38%, 32.72%. HMHELXFHEAL, 50 mg/L SeNPs kb3 4] GSH & AV FE{K 20%.

M 6(CYRT LA H, i R G, B SeNPs IRFEIITHRE, H,0, /KA % 2 3 FE(P < 0.05). 50
mg/L SeNPs &AL H,0, 7K1 b A 15576 Ak BH 2 (SeNPs-0) F4AI 54.38%; 1fii SeNPs ) 5 Al 25 mg/L 4bFE4H
73 MIFEAIS 24.56%, 38.60%. XfHEALH HO, & EE 5 AIG; 5 SeNPs-0 4b AL AH LMK 1 64.91%.

Wi 6(D)AT7R, B SeNPs IREE (I THEr, MK MDA 8 S H P4 . SeNPs-50 AbFEAH 5%} K2
FIARM SeNPs (SeNPs-0)H41AHLL, MDA 18 &5 5l FF{% 5.84%71 86.92%. £ 50 mg/L SeNPs []4b#
HHIAFIRIK. SeNPs-0 AHZL ) MDA FI& &, IAF] T 61.28 umol/g # i,

Wl 6(E)Fian, TEHEFAEIRI S A0 JE %A T, B4 SeNPs W JE AW 7+, fEAkIA N POD & &
BUHTEAR . RWBEHTE SeNPs B, FERRIEZBAMER W PHa )5, F3 POD K& & KR EF x4 POD
& Bk, 5 SeNPs-0 AbBEZHAMIEL, SeNPs-50 AbH4] POD )4 & &K T 53.50%.

SOD TEAE) I8 B AP I B AR NI, o5 DRI AE A, DAY B 2 B M 80 AR A 11 1 5
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REFREE AN 6(F) . AT SeNPs 4L FEZH [ SOD 3G 1 5 SeNPs-5. SeNPs-25. SeNPs-50 4k F 2.

AHEL, 3 HIFEK T 5.94%. 16.37%F1 26.68% 5 X} FEZLAHEL, SeNPs-50 4bFEZL [ SOD & & AN P
10.65%.
| s W] ]t ®)| : ©
100 l? b 50- b
2.0 -
g} 80 ) d c 0401 c
E 604 gl.s— . g §30 a
S 401 ) ¢ gl.o- 1 gzo- e
201 m@ r—‘ 05 0]
0

S
=3
o

control  SeNPS-0 SeNPS-S SeNPS-25 SeNPS-50
Different treatment groups

control  SeNPS-0 SeNPS-5 SeNPS-25 SeNPS-50 control  SeNPS-0 SeNPS-5 SeNPS-25 SeNPS-50

Different treatment groups Different treatment groups

a
4 a a
60l i D)|  s00] i a (B)| 16 - (F)
s b 700 144l I
1 b
_ 600 124 d d <
) ~ — -
0 H F500 10|
5 B =)
S30{pF = ¢ 2 ¢]
=30 8400 c s 8
% 20 300+ @ 6
o . 200 d 4-
I—‘—I 100+ 24
0-+H— : - . . 0 0
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Figure 6. Antioxidant activity of plants (A: CAT; B: GSH; C: H,0,; D: MDA; E: POD; F: SOD)
B 6. HEREYIEMLIEME(A: CAT; B: GSH; C: H,0,; D: MDA; E: POD; F: SOD)

4. 7ig

TR EA (R R R B AR [16]: Ak, & B PUE AP 1 FH[L7] [18]. B b 4H Ao i ) 22
F S REAE A GRAN, & SEURRE B, M F= BB IE[19]. AWFFIR A, SeNPs A {2k E
A5 S5 BT AR RCR

A PR N A G ) — AN SRR, (HE I — IR R EBUE A T EE, i A M SE TS [20]. 49
265~530 pumol/L [FI4NKAM it % 55l 25 (R b MR o A L S AR K, (EL TRV BE TR IR AT PR BN 0 56 4 77 A T i)
YEF[21] 0 ASHIF FURHITAS R P 10 S A B4 Vs 0 R I 2 KR R B E . il S BUE B 5543
i, HAEKZRNG . SR AH R A3 A 9K A B A R BE I T v, WHRE A R AR KA PRk 2 2, M
BB R TR SeNPs [ 4b 4 .

FEPRAE 32 B0 J5 IR AR LI, 38 2728 ROS, (Hax REEMIE N Ko TH 8 B8 . SeNPs #2&1F
ZPUAA IR E A sy, TR m PR TE R, AT B (R AR A RS2 B R AR (7] A TR
TERARRAET AN R FERY SeNPs J&, & IAEFIRFRER AR | — @ A4k . ik E SeNPs 4bFE T, iR
5 MDA ()& & W2 PG, X RUIRIEERT 2 A5 2 74 m . B IR B b#E4H, CAT. GSH. SOD
LPUA B B SeNPs IR B 1) T+ =i A R, XK B SeNPs A& 2 5 32 =i F PR HRAR B B S8 AL AL
i, I HLA R S B R R 4555

5. &

AW FER TR T A AT 5 SeNPs DU TR TR o RSN SEEGR W] SeNPs X V. dahliae
KA B RNHIE A (R SEIRR T, AN AN ER 5 RORAR I RS AR LR BOVWI R R 22K
ficf F A+ FLBON IR AL R 5 PR AR SR, B SeNPs WREEANWTTF iy, ML HIZERBOIGBIFE 8; JF H 5 X
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WAL, K. 2K, BFENTERERS. 2200 EEMER, SeNPs Rt o R oE, HiE
TR AR N B RR IR S o PSS R, 5 SeNPs IKEMITHE, HBIRHRAC P AL B MW K.
AHLEXTHEZE, 50 mg/L SeNPs AbFEAL kA B CAT. GSH. SOD R##Em T JFH H,0,. MDA,
POD [1i& TEBE % SeNPs ¥k % I TF i i & B A% K, SeNPs ] DL sEAE Yk P It A AL B 1, AT 3
EERR TR TE . AW T SeNPs FEREYIPTIA A FH 32— o B 1 L il

E&WmE
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