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Inhibition and control effect of nano—iron and copper on Ascochyta medicaginicola
and spring black stem disease
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Herbage Improvement and Grassland Agro-ecosystems, Lanzhou 730020, China

Abstract: Alfalfa (Medicago sativa) , the most extensively cultivated leguminous forage in China and globally, is
susceptible to spring black stem disease caused by Ascochyta medicaginicola, one of the five most devastating
diseases of alfalfa in China. Among various nanoparticles tested for their antifungal properties against A.
medicaginicola, copper nanoparticles (Cu NPs) demonstrated the most pronounced inhibitory effect, with an
inhibition rate of 74. 1% at a concentration of 400 mg+1.”". The application of Cu NPs also significantly mitigated the
impact of spring black stem disease on alfalfa, reducing the relative lesion area to 5.95% when applied prior to
inoculation with a spore suspension, and to 8.75% when applied after inoculation with a spore suspension. When

alfalfa leaves were pre-treated with a Cu NPs suspension, the relative conductivity was only 18. 11%, contrasting
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sharply with the 82.27% relative conductivity of alfalfa leaves inoculated with a spore suspension only. The
enzymatic responses in Cu NPs-treated alfalfa were notable, with a significant decrease in the activities of superoxide
dismutase and phenylalanine ammonia-lyase compared with the spore-inoculated control group. Conversely, the
activity of polyphenol oxidase was increased by 42. 6%, while catalase activity decreased by 45.0% in the first Cu
NPs inoculation treatment. Ultrastructural analyses revealed that Cu NPs punctured and caused visible damage to the
cell membrane of A. medicaginicola within alfalfa leaves. In contrast, the chloroplast thylakoids in the treated leaves
remained clearly layered, indicating that alfalfa cell membrane integrity remained intact. These findings offer
valuable insights into the potential use of Cu NPs as a control measure for alfalfa spring black stem disease.
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Table 3 Blade treatment

AP 75 5 Treatment R F Vaccination sequence
%5 CK JGHE /K Sterile water (5 mL)—>JG B 7K Sterile water (5 mL.)
}£ 7 Fungal inoculation 67 X 17 W Spore suspensions (5 mL)—>JEH /K Sterile water (5 mL)

S B B > 1 7R A 40 K 4 Inoculation of fungi—reinoculation with 47 & 77 Spore suspensions (5 mL )44 K4 B 7% i Cu NPs suspension

Cu NPs (5mL)
6 7 5t 44 K A4 — T 9 3 Inoculation of Cu NPs—>reinoculation 24 K4 B 0% W Cu NPs suspension (5 mL )~ F & 7 I Spore suspensions
with fungi (5mL)
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Fig.1 Mycelial growth after treatment with different nanomaterials on 9" day
a: %5 1%} 8 Blank control (CK); b: 49Kk Fe NPs; c: #5244k 8k Core-shell Fe NPs; d: 49K & E L4 Cu(OH), NPs; e: 44Kkl Cu NPs.
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Fig. 2 Diameter of mycelium growth after treatment with
different nanomaterials
AR/NG FHE R R E P<<0.05 /K2 5% 83 , T [ Different lowercase
letters indicate significant differences at P<C0.05 level, the same below.
T,: 25 [ X B8 Blank control (CK); T,: 49K4] Cu NPs; T,: 91K S A
L4 Cu(OH) ,NPs; T,: #7641 K £k Core-shell Fe NPs; T,: 44K &k
Fe NPs.

60 -

40

20 -

d

AR E R
Mycelial growth inhibition rate (%)

0 v 7o)
T, T, T, T,
A2 Treatment
3 BIORFTEAMKRTRELERKIBIE

Fig. 3
nanomaterials on 9" day

T,: 9K CuNPs; T,: 99Kk &AL Cu(OH),NPs; T,: #5e98 K
#: Core-shell Fe NPs; T,: 44K Fe NPs.

Inhibition rate of mycelial growth of different

22 TR R0 50 o £ 7 8 U VP A Cu NP 33k 1P 7l Ak 1% R o8 i 68 1T AR 203310 O 5. 9500 M8, 7504 , A T L #3274k 2

BETRR(P<0.05), B T Cu NPs 8% 80E .
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Fig. 4 Mycelial growth after treatment with different concentrations of Cu NPs on 9" day
a: 25 (44 B Blank control; b: 400 mg-1.™"; ¢: 200 mg+L. "5 d: 100 mg-L "5 e: 50 mg+L~"; f: 25 mg-L.~".
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Diameter of mycelium after treatment with

2.3.2  SHAHXT LS ARG 5 E YA

Ji 55 5 R 5 A AR R LR AR R T e
T BRI A BLT AR S A R 82, 27 %, 1
20 A RS ) 38 M R R B, b R 32 R AR K (A
10) o Ze X it 2 0 76 B TR VR A A5 i i B K 0 i
W J5E 5 400 mg- L' Cu NPs & 7% W, M X 1 5 3R ik
FH AR 2 62,2006, i Jr SZ A0 AR B AR . T 4 BT e o
Cu NPs &I W 11 By ORI B 18 2% (P<<0. 05) , 4
Xif LSRN 18, 11 %%, & B h K e B, I R 440 g s
DIReR Ry e 4 o AT DA 26 4k T Cu NPs (9 4 X5 B
BRI

2.3.3 XTRIEEGTEMER I AR R Y S 4
A ARl CH A 15 ) % 8 4 52 Z 6015 & 1 47 22 B 250

60 -

40 |-

B 22 P KA A2
Mycelial growth inhibition rate (%)

20 & 2
L
25 50 100 200 400
¥ B Concentration (mg-L™")
El6 % 9XAERE CuNPsE LA =R
Fig. 6
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hyphae at different concentrations on 9" day

W

Fitting curves of growth inhibition rate of Cu NPs

Y5 it B 2 Iy e PO R U TR [ Ak B R A B AR (SOD) (R TN R iR S (PAL) it 4k
AW (CAT) . Z WAL (PPO) it AL Wil (POD) 9 TE M (B 11) . SOD AH b X B2l , H 3 Fh il B 07 i
Ab I SOD BT P e i, 355 0. 47 U 10 * cell, 2435 R Cu NPs B 77 WA Ab 236 5 PR A8 L T 5 42 7 G BE 20
¥ N FE(P<<0.05) . PPO H 45 Fl Cu NPs A 19 Rt 4b Bt 06 o 55 060 BEZ0 3200, (0 e s 4L ) & 3% F B AUA
0.041 U-10 " cell, H bt XF BEAL, HoAth 3 F 4b HE() POD i 735 V5 35 i 35 F B (P<C0.05) , =% [H] 22 % R i 3% (P>
0.05), 3FpabFR[EIAE 2 PAL G PE 2 2% T R (H 2425 Cu NPs B R M BAH TR B & . ML T
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Fig. 8 Leaf lesions under different treatments

a: 25 % B8 Blank control; b: J54% % — Fi4% Cu NPs Inoculation of fungi—>reinoculation with Cu NPs; c: 4¢4% Cu NPs— 4% B Inoculation of Cu

NPs—reinoculation with fungi; d: H4ZEF & Fungal inoculation only.
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Hod g 20 b TR0 E Oy 2 (H A JR) 22 N W (P>
0.05),

2.3.4 XM 55 TR A AL Y 5 X Cu
NPs & P A E A6 ¢ 846 7 B b B R A6 E
T W 240 B 2E A7 25 S R BE B, WO 4 A0 i B A
M R SR B g 5 M, & 12a. b ¥ e i fh
Cu NPs, fR 2 F0 461 7 22 W0 & R, Bl 12a v & B Cu
NPs 28 1 4615 19 240 A B8 (o €5 355 3% ) 1%l A 28 %
7o A 22 A ERA A 3 Ak R A i B A 4 (5% (T
), RPE L R H A BHIK ., CuNPsREY
B B A AR R . B 120 A AP A T e A
fil TR AR L5 588, Cu NPs A BE R A RER L (K
12d) , 8 740 & 2 9 U] B a8, 2 IR R EE RS
(BREH k).

WG S e (0 BB T4 1, A EOL R 1
2R AR, R 3R oy I R A 5 b 52 B A T AR (R
RS, 96 3 S B 0 A PR . 13b R A 42 £t
BRI AL F, e B A3 i AR 1 A TR R B Y 4
1, WS AR SR B B (L k) .

3 iig

KRR R 0 S0 By 15 48 A 0 A N H
e, 200 mg-L"AY Ag NPsH % il B e 2 47 4 B2
# B (Lolium perenne) [ 2 #J& ~F Jif &% 1 (Bipolaris
sorokiniana)"™" , 500 mg- L") Cu NPs #5 Bl ik /0> 35 #il
AR o FEARBEIE R, MK 4 Fh g oK A4 R Cu NPs
Cu(OH), NPs.Fe NPs #5¢ Fe NPs]Xf & 1 7¢ —
BRI BOR o TR 22 A KA ok B, Cu NPs X 5 &

30 -

[\
(=]

HE X 995 B T AR
Relative lesion area (%)

—_
(=]

i b
. - l
0 B i 7]
T, Tz Tz T4
At ¥ Treatment
Ho REAETHA AN FHER

Fig. 9

treatments

Relative lesion area of leaves under different

T,: %5 %] B Blank control; T,: H¥# & Fungal inoculation only; T,:
Je 1 B Cu NPs— F 1 4 B Inoculation of Cu NPs—>reinoculation with
fungi; T,: %& & 4 & — ¥ & 4 Cu NPs Inoculation of fungi—

reinoculation with Cu NPs. F [d] The same below.
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Fig. 10 Relative conductivity of blades under different
treatments
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Fig. 11 Superoxide dismutase (SOD) , L-phenylalanine ammonia-lyase (PAL) , catalase (CAT), polyphenol oxidase (PPO),

peroxidase (POD) enzyme activity in leaves under different treatments
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Fig. 12 Transmission electron microscopy (TEM) images of A. medicaginicola spores of inoculated leaves under different
treatments

a: S S Cu NPs— 7 5 B Inoculation of Cu NPs—>reinoculation with fungis b: ¢ i i Cu NPs— 1 i § % Inoculation of Cu NPs—>reinoculation
with fungi; ¢: H AP Fungal inoculation only; d: S&7E 5T B — 1 4 Cu NPs Inoculation of fungi—reinoculation with Cu NPs.
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Fig. 13 Chloroplast transmission electron microscopy (TEM) images of inoculated leaves under different treatments
a: 25 4 XF B8 Blank control; b: H4%#h B Fungal inoculation only; c: 45 5 B — F- 14 4 Cu NPs Inoculation of fungi—>reinoculation with Cu NPs; d: &
W5 Cu NPs—F {484 1 Inoculation of Cu NPs—>reinoculation with fungi.
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