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Supplementary Information

Experiment S1. Characterization of biosynthesized CuO-CFNPs

The absorption spectra of the bio-synthesized CuO-CFNPs solution was monitored by a
UV-visible spectrophotometer (Denovix DS-C) in the wave-length ranges from 220-720nm with
Inm resolution. The Fourier transform infrared spectroscopy (FTIR-Thermo Scientific Nicolet
6700) was employed to investigate the functional nature of nanoparticles in a range of 400-
4000cm! at 4cm! resolution in diffuse-reflectance mode by using KBr (potassium bromide)
pellets in the ratio of 1:100. To analyze the crystallographic structure of green synthesized copper
oxide nanoparticles, X-ray diffraction (XRD) was performed. Philips PANalytical XPert Powder
diffractometer with Cu-Ka (1.5406 A) radiation in the range of 20 = 20°-80° with an operating
voltage of 40 kV at 15 mA was employed to record XRD spectra. The diameter of nanoparticles
and zeta potential of CuO-CFNPs were determined by dynamic light scattering (DLS), by using
Zetasizer Nano ZS (Malvern Instruments, UK) with a water refractive index of 1.33 at 25 °C to
detect size and stability. Morphological and elemental composition was achieved with variable
pressure Scanning Electron Microscopy equipped with an EDX instrument (SEM-TESCAN-
VegalLMU, 30.0KV) to collect the spectrum. The average size of nanoparticles was analyzed by
using Transmission Electron Microscopy (TEM- JEOL 2010F).

Experiment S2. Estimation of Photosynthetic pigments, enzymatic and bioactive compounds

Various bioactive compounds in tomato plants (roots and shoots: at 5 day) and fruit (145t
day) were determined after a second foliar spray of different concentrations of nanoparticles. Total
chlorophyll and carotenoid content in leaves were appraised by following the protocol of Pocock
et al. ! with minor modifications, while absorbance for Chlorophyll ‘a’ and ‘b’ was acquired at 664
nm and 647 nm, and for carotenoid at 470 nm, according to the formula stated by Wellburn et al.?

Chl a=12.25 x Abs664 —2.55 x Abs647 1)
Chl b =20.31 x Abs647 —4.91 x Abs664 2)
Total carotenoid = (1000 x Abs470 — 1.82 x Chl a— 85.02 x Chl b)/198)  (3)
Phenolic content in root and shoot was determined by using Folin Ciocaltueau reagent at 765 nm

as described by Vongsak et al.? Peroxidase activity (POD) was analysed by guaiacol colorimetric



method at 470 nm as defined by Fu and Hang.* The activity of polyphenol oxidase (PPO) was
quantified by the method proposed by Cheema and Sommerhalter,> by using catechol as substrate
at 495 nm. The activity of catalase (CAT) was evaluated by decomposition of hydrogen peroxide
(H,0,) at 240 nm according to Cakmak and Horst.® The activity of Superoxide dismutase (SOD)
in the reaction mixture was monitored by inhibition of photochemical reduction of NBT (Nitroblue
tetrazolium) at 560 nm, described by Dhindsa et al.” The activity of phenylalanine ammonia lyase
(PAL) was determined by using trichloroacetic acid at 290 nm according to Syklowska-Baranek
et al.® Protein content in fruit was measured by Bradford method, by taking absorbance at 595 nm
with bovine serum albumin used as standard.” Lycopene content in fruits was determined
according to Fish et al.! by taking absorbance at 503 nm. Vitamin C in fruit was estimated by
using 2, 6 dichlorophenol and 2% HCI, as described by Levine et al.!! The quantification of
flavonoids in fruit was determined according to the method of Arvouet-Grand et al.!? by using
aluminium trichloride at 415 nm.
Experiment S3. Histochemical Analysis of Tomato Roots and Shoots

Pathogen-challenged and CuO-CFNPs treated tomato plants were harvested after 40 days
of treatment. Transverse sections of root and stem were incised by a sharp blade and fixed in FAA
(Formalin-aceto-alcohol) for 24 hours. After washing with 70% ethanol, the sections were stained
with 10 % Ferric chloride to observe phenolic compounds, by Wiesner’s reagent (1%
phloroglucinol in 35% HCI) to detect lignification, indicated by fuchsia colour and with Lugol’s
Todine / IKI to stain the starch grains, signified by blue to black colouration.!3-1* Stained sections
were mounted carefully on a glass slide and observed under a light microscope (Labomed CSL,
Labo America Inc. USA), while, images were captured by a digital camera connected with a

microscope.
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Figure S1: UV-visible absorption spectra of green synthesized CuO-CFNPs at best optimization
conditions. UV-visible spectrum under different optimization conditions during synthesis were
documented as a function of: (A) UV-visible absorption spectra of CuO-CFNPs. Stability of
copper oxide nanoparticles (150mins-6months); (B) pH (9); (C) Amount of CF leaf extract (SmL);

(D) copper sulphate concentration (5SmM) (E) Temperature (80°C).
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Figure S2. FTIR spectra of synthesized CuO-CFNPs: (A) Spectra of CF-Extract alone. (B)
Spectra of CuO-CFNPs.
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Figure S3. X-ray Diffraction (XRD) Pattern of CuO-CFNPs



Zeta Potential Distribution

00000 A

2

H

3 200000

=)

S

: } \

100000 j \
0 + + t
-100 0 100 200
Apparent Zeta Potential (mV)
B Size Distribution by Intensity

Intensity (Percent)
-

1 10 100 1000 10000
Size (d.nm)

Figure S4. Size distribution intensity and zeta potential distribution of CuO-CFNPs (A&B) as
revealed by Dynamic light scattering.
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Figure S5. Size analysis of green-synthesized CuO-CF nanoparticles, (A) SEM Image (Scale bar
of 1um), (B) Magnified view of SEM (Scale bar of 500 nm), (C) Size distribution analysis of SEM
image, (D) TEM image (scale bar indicates 100 nm), (E) Histogram of size distribution of TEM
image, (F) Energy Dispersive X-ray (EDX) spectrum of CuO-CFNPs.
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Figure S6. Histochemical analysis of transverse section of tomato root and stem treated with CuO-CFNPs
for localization of phenolic (A-D), lignin (E-H) and starch(I-L) at 40x magnification under light-
microscope. Cr: Cortex, Pi: Pith, Xy: Xylem, Ph: Phloem, If: Interfascicular-fibers, Mr: Medullary ray, Sg:
Starch grains, Sc: Sclerenchyma.
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