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Abstract: ‘Zunla No. 1’ was employed as the test material. Toxicological experiments were conducted to evaluate the effects of
Cd on seedling growth and zinc oxide nanoparticles(ZnO-NPs) on seed germination rate under Cd stress, while soil pot trials
were carried out to examine the impacts of varying ZnO-NPs application rates(0, 20, 50, 100 mg/kg) on soil Cd passivation and
Cd accumulation in pepper plants. The results showed that, compared with the treatment without ZnO-NPs application,
under 10 mg/L Cd stress, the application of ZnO-NPs on day 7 increased the seed germination rate of ‘Zunla No. 1’ by
46.67, 46.67, and 33.34 percentage points for the 20, 50, and 100 mg/L ZnO-NPs treatments, respectively. Under 10 mg/kg
Cd stress, the application of 50 mg/kg ZnO-NPs significantly increased the mass fractions of chlorophyll a and
chlorophyll b in the leaves of ‘Zunla No. 1’ by 33.61% and 227.27%, respectively; the net photosynthetic rate

significantly increased by 41.13%; the stomatal conductance significantly increased by 59.76 mmol/(m?:s); the
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transpiration rate significantly increased by 2.28 times; the intercellular CO2 concentration significantly decreased by

214.30 umol/mol; the activities of superoxide dismutase and peroxidase increased significantly by 170.28 U/g and 853.60 U/g,

respectively, indicating enhanced plant stress resistance. The Cd mass fractions in the roots, leaves, stems, and fruits of
‘Zunla No. 1’ decreased sequentially. The application of 50 mg/kg ZnO-NPs exhibited the best inhibitory effect on Cd

accumulation in fruits, significantly reducing Cd mass fractions in fruits, stems, and leaves by 44.50%, 47.35%, and

38.99%, respectively, compared with the treatment without ZnO-NPs application. The application of 20 mg/kg ZnO-NPs

achieved the best soil Cd immobilization effect, with an immobilization rate of 18.02% and a reduction of 0.51 mg/kg in

available Cd mass fraction. In summary, under 10 mg/kg Cd stress, application of ZnO-NPs at 50 mg/kg enhanced the

stress tolerance of ‘Zunla No. 1°, reduced Cd accumulation and toxicity, and decreased soil Cd bioavailability.

Keywords: ‘Zunla No. 1°; facing-heaven pepper; zinc oxide nanoparticles(ZnO-NPs); Cd accumulation; soil Cd

immobilization; photosynthetic parameters
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Fig.1 Growth performance of ‘Zunla No. 1’ under Cd treatment
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Fig.2 Germination performance and germination rate of ‘Zunla No. 1’ treated with different amounts of ZnO-NPs under Cd stress
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Fig.3 SOD and POD activities of ‘Zunla No. 1’ treated with different

amounts of ZnO-NPs under Cd stress
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Fig.4 Leaf morphology and mass fractions of chlorophyll a and chlorophyll b of ‘Zunla No. 1’ treated with different amounts of ZnO-NPs under Cd stress
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Table 1 Photosynthetic parameters of ‘Zunla No. 1’ treated with different amounts of ZnO-NPs under Cd stress
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Fig. 5 Cd mass fractions in various parts of ‘Zunla No. 1’ treated with

different amounts of ZnO-NPs under Cd stress
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A R S A I E S . X —BLR AT H A
TR S GO BRI A5 . BT AR RORL I =
RMRE, = R 2% A T RORE 2 TR) il 4t A0 2 186
Oy RAEM R SRR EEMAE, FEULERTRS
JAR B SRTIE TEA s 98, AT FEAE T % Cd? 11
W B[] 5 g 7128

B S CAR PRI BT gk AR R Cd 422
filt UIS: , E AR 28 A7) 2 38 B 3 1 3 3 i
FREECd. JEH15 R RCARE /50 & & T HAth
WER, MT2AHEMKRCARE S BT T
12.91 mg/kg, X3 HHT2Ab 3 i W B 3] 72 K- Cd e
BT AR, BHIEH s B3z, cA R
B, Zn*"5Cd*{EZrt/Irt. Nramp2% B 7 iHE 775 5%
VeI ZnO-NPsid n] 75 S AR 2 40 it B 18 )5 ok 43

WA HLER T B0 B2 57 30, 7 ] £ A R s
T2 4b 3 X Cd BT & 5 B0 AR 20 I A (PR TR
44.50%), X EPE T T240 3 n] i ik 4 3 [ FrCdyk >
Cdim) Bz, SIl Rk SRS F 22 4 i st A 2%
R T2AbFEA, &R ZnO-NPsHE N 1 MR & 2R 1 Zn?t
W PR A, JE I B TS LA Cd? i iz 312,
1SR Cd i & 2 Bt s T R SE Cd i & 4 B
BEAEK -

1) 5CKHMIEL, HilnzZnO-NPsH] i 2% 42 v < i 5k
15 IR SFRFDEEVE R R, HATnso mgke
ZnO-NPs/C B R e, A SRR A K R
B, ZfECAhiE; 4, ZnO-NPsi E I T
SODAIPODE %, it b ihie, Z#%
T CAXT IEH 5 BN .

2) HBISOM. . 2L R icd s EK
RBEAR, HARCdE fimm T HMALN; £Cd
JpiE R, it FH ZnO-NPs 1] A5 R0 0 HE #2534 1)
CA &, HrPihns50 mg/kg ZnO-NPsib H [ % %
R SEMCAdE B R . 1E RS QX il
BB, R A i & B:(50 mg/kg)ZnO-NPs & —Ff
A R 2 AR PR TR

3) 5CKAHEL, HhnAFHR & ZnO-NPsJ5, 1E
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HCAETEERIGESR, HA 20 mgkg ZnO-
NPsAbEE RO fefd, A% A m3(18.02%)
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