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Abstract

Regarding to water deficit issue in our country, it is essential to find innovative methods
to alleviate the adverse effects of drought stress on plants. Therefore, a pot experiment
was conducted to evaluate the effect of 3 levels of irrigation intervals (1, 2, 3 days) and
5 levels of CuO NPs (0, 2.5, 5, 10, 20 mg/L) on fennel (Foeniculum vulgare Mill.).
Results showed that increasing irrigation intervals reduced fresh and dry weights of
plants, total chlorophyll and carotenoid contents, and relative water content (RWC) and
increased lipid peroxidation, proline content, and the activities of ascorbate peroxidase
(APX) and catalase (CAT) enzymes. The foliar application of CuO NPs influenced all
the above-mentioned parameters in a dose-dependent manner. Foliar application of CuO
NPs till 10 mg/L improved plant growth, the content of photosynthetic pigments, RWC,
and proline accumulation, and reduced lipid peroxidation level through up-regulation of
antioxidant enzymes. In contrast, 20 mg/L CuO NPs, decreased growth parameters and
chlorophyll content and significantly increased lipid peroxidation under both normal
and drought stress conditions, which suggests the high dose of CuO NPs induced
stressful situations for the plants. Therefore, low concentrations of CuO NPs moderated
water deficit-induced osmotic and oxidative stresses but, the application of high
concentrations of CuO NPs was not recommended for fennel cultivation.

Introduction

Drought stress negatively affects plant growth due to inducing cell osmotic and
oxidative stresses.To cope with drought stress, plants activate enzymes and non-
enzymatic antioxidants such as proline (Seleiman et al. 2021).

In recent decades, nanobiotechnology has received considerable attention due to its
potential to boost growth and development and enhance plant stress tolerance (Zhao et
al. 2020). Among different nanoparticles, CuO NPs are extensively used in agriculture,
as pesticides, herbicides, fertilizers, and growth regulators (Xiong et al., 2017). Several
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studies showed that Cu NPs effectively attenuated drought effects in plants by
increasing antioxidant enzyme activities and RWC, reducing MDA accumulation, and
stabilizing photosynthetic pigment content in leaves (Rahmani et al., 2016; Farooq et
al., 2022). To our knowledge, very meager literature is available about the impact of
NPs on fennel (Foeniculum vulgare Mill.) under water stress. Therefore, this context
was evaluated in the present study.

Materials and Methods

This experiment was carried out as factorial based on a randomized complete design
with three replications. The treatments included 3 levels of irrigation intervals (1, 2, 3
days) and 5 levels CuO NPs (0, 2.5, 5, 10, 20 mg/L). Seeds of fennel (Foeniculum
vulgare Mill.) were sown in pots filled with soil and were normally irrigated for one
month. Then, pots were divided into 3 sets, and irrigation began with intervals of 1, 2,
and 3 days per each group. Simultaneously, foliar application with different levels CuO
NPs was performed on 30-day-old plants. It is worth noting that NPs with purity > 99%
and size of 40 nm, purchased from Research US Nanomaterials Inc., suspended in
distilled deionized water, were sonicated at 100W and 80-90 kHz for 30 min and
immediately used for foliar spray on plants. After 10 days, fresh leaf samples were
collected and stored at -80 C to assess biochemical attributes. Then, plants were
harvested and after measuring fresh weights, plants were dried at 70 C, to determine dry
weight. Total chlorophyll and carotenoid contents (Lichtenthaler & Wellburn 1983),
lipid peroxidation (Heath and Packer, 1968), proline content (Bates et al., 1973), RWC
and the activities of APX and CAT enzymes (Amooaghaie, et al., 2022) was measured
in all treatments.

Results and Discussion

Results indicate that CuO NPs increased the growth over their respective controls under
3 levels of irrigation. Among the different concentrations of CuO NPs, 10 mg/L had the
most effect on increasing the chlorophyll and carotenoid contents, RWC, and plant
growth. In addition, foliar application of CuO NPs reduced MDA content through
enhancing antioxidant enzymes activity and proline accumulation in fennel. Our result
is also similar to that of (Costa and Sharma (2016), who reported application of CuO
NPs reduced oxidative stress in Oryza sativa through upregulating APX and SOD genes
and consequently protected plants from drought stress. The impact of CuO NPs on
plants might be due to the release of Cu from these NPs (Xiong et al., 2017). Copper
(Cu) is known as an essential micronutrient, which functions in regulating plant growth,
chlorophyll formation, photosynthesis, respiration, metabolism of carbohydrates and
proteins, and defensive responses (Adrees et al., 2015).

However, the foliar application of 20 mg/L CuO NPs led to a significant decrease in
growth parameters, total chlorophyll content, and RWC, and significantly increased
lipid peroxidation under both normal and drought stress conditions (Mosapour
Yahyaabadi & Asgharipour 2016), that suggests high dose of CuO NPs induced
stressful situation for the plants. Other studies also showed that high doses of NPs
decreased plant growth (shoot and root length) and increased the generation of reactive
oxygen species (ROS) and lipid peroxidation (Nair & Chung 2015). Faraz et al. (2022)
reported that among different concentrations of CuO NPs (0, 2, 4, 8, and 16 mg/L), 8
mg/L proved to be the optimum foliar spray treatment and increase the chlorophyll
content, net photosynthetic rate, leaf proline content, and antioxidant enzymes activity,
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but with increasing concentration of CuO NPs to 16 mg/L growth parameters were
reduced in mustard.

Conclusions

Collectively, our results indicated that CuO NPs mediated responses were
concentration-dependent. Foliar application of lower doses of CuO NPs could attenuate
water deficit-induced osmotic and oxidative stresses and increase drought tolerance in
fennel, but the application of high concentrations of nano-CuO was not recommended
for fennel cultivation. However, studies at the field level using different conditions and
soil types are needed to confirm this recommendation.

Keywords: Antioxidant enzymes, Chlorophyll, Copper oxide nanoparticles, Drought
stress, Fennel, Proline, Relative water content.
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Figure 1- Interactive effect of irrigation intervals (1, 2, and 3 days) and the concentrations of CuO nanoparticles
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replications £ SE and same letters indicate non-significant differences between treatments according to Duncan’s
multiple range tests.
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Figure 2- Interactive effect of irrigation intervals (1, 2, and 3 days) and the concentrations of CuO nanoparticles
(0, 2.5, 5, 10 and 20 mg/L) on the contents of total Chl. (A) and carotenoids (B) in leaves of Foeniculum vulgar.
The data are means of 3 replications + SE and same letters indicate non-significant differences between treatments

according to Duncan’s multiple range tests.

235 Rl ey 8l dals 4y S (513 e
S350 A e S e Yol 5 )7L lis
ua);ﬁ‘Mu@wd)bu—l&aJ})J

(Y JK2) Cil jrals

Jol3d 8 _puo A8l 1336 Jiline w3
5 9 DT Slgime 3 o9 p » ST
U 31 0L (F i) il 50T il
55 e AeST L3S0 5 LT Jol b Jites
s Sl 5 sy Sl 6T e 5T
s ) dli mha s 31, 8 T

By )L’LS:M

Slame a5 Y 5 Y o bl Jol s Sl 3L

Gola e A 55 s 935S (gl gimme 5 Jds NS
dmol$ e 5T o oY JS2) 3L talS
lols 53 Wols LS s ST 1350 5 goWT
O g S S-S PPRC Wy gy |
e e ST 3 U 5 S eV
L5559, 5 JS S IS gl smme Sla sme 13
S e Yo Bl 3k s L Ll s
il kS ghls gne sl Lo 1S5, ol (sl g
Slsmn 3, ¥ 5 Y el ol Lo (Y JK2)
30 Clle 530, L WSS 5 JST Les IS
A 53 e ST 35U A e S e Ve



AD Ian 5 ST ses 4;\>u_)/....su_,'\),;&TVf;\gzu}glwlﬁ,éwtumﬁwwwt,s)suw@Ml,j;‘u

SL315 8 53 (APX) 5laST, Sb, KT 5 (CAT) 5YLI e 5T s ((MDA) w3 Tiss 0 lle (51 s

Table 2- The result of analysis of variance related to the effect of different concentrations of CuO nanoparticles and
irrigation intervals on on relative water content, content of malondealdehyde and proline, the activities of APX and
CAT in leaves of Foeniculum vulgar
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Figure 3- Interactive effect of irrigation intervals (1, 2, and 3 days) and the concentrations of CuO nanoparticles
(0, 2.5, 5, 10 and 20 mg/L) on relative water content (A) and proline content (B) in leaves of Foeniculum vulgar. The

data are means of 3 replications + SE and same letters indicate non-significant differences between treatments
according to Duncan’s multiple range tests.

Laos S cnl ol s S 15 5 1 s 1 61 simes aen 3,8 w03, Y Y ol T Jol o
G sioma (9, VO Cdale glimal 40) sls Lzl 53l D3 e 8 e Ve 50 YD Gl bl

Q—-l‘)"'(CS)L':‘.T°).})YJ—'““}§)"‘,”Tg5:—'“‘. j‘T)TWJKS‘WKSJ‘JL;&A“\’)JwM‘



VY Sl cemin s obmy oy 85l cems 5l Jlo (LS a5 p ke

A%

Sl e sl 8 ST (63 O Jls (gl g
Ol 345 05 8 dald 4 S |y (S 53 FF/OA
sy Y ol ol 5o (F JS2) sl
Lol bl (g,l5 gme 1 CY/0 slaclale 5,8
e S eV 50 slachle s LS
Iy ST (63 O lle (gl g o ST 13 650
alols 53 Lo ;5 YO/OA 5 VF/AF Ol & s 5 4
oo )3 Uy Y 5 V0/V0 5059, 93 ol
e AL 4y o 45 513 IS 4555 53 65T
3Y ol ol 53 35 ls sime Laoy 8
A e S e Y bl s LS s, Y
Iy ST (63 O lle (gl gmmn wn LenSTT )5 530
13 an A 53 Laoy ol dals 4 o

(F USKE) sls ol 50l

m0.25%5~10%20 a

L -]
S & o

IS
S

~
=]

2l 53 sl sl gina
MDA content (nmol/g FW)
5 8

o

(395) Sl Jolgd
irrigation intervals (day)

(i ¥ 5 Y ) LT Jols 2Kan , 5b-F S
S ke Yo Ve DD ) e ST D3 56 ke
& 55 (MDA) 13T 65 O dla (gl yimn (2 53
Cog o 5 i SE #,0 S5 a Kl Laesls casl 31,
03T b Lol s Jls sime Mzt ple LSS

s olist, ;,g}l:
Figure 4- Interactive effect of irrigation intervals (1, 2,
and 3 days) and the concentrations of CuO
nanoparticles (0, 2.5, 5, 10 and 20 mg/L) on the
contents of malondealdehyde (in leaves of Foeniculum
vulgar.The data are means of 3 replications + SE and
same letters indicate non-significant differences
between treatments according to Duncan’s multiple
range tests.
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Figure 5- Interactive effect of irrigation intervals (1, 2, and 3 days) and the concentrations of CuO nanoparticles
(0, 2.5, 5, 10 and 20 mg/L) on the activity of CAT (A) and APX (B) in leaves of Foeniculum vulgar. The data are
means of 3 replications + SE and same letters indicate non-significant differences between treatments according to
Duncan’s multiple range tests.
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