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Introduction

Moringa oleifera is a fast-growing tree that grows mainly in tropical or subtropical regions and in less fertile soils.
Moringa owns anti-cancer and antioxidant properties. Moringa seedlings undergone saline water treatment (up to 8
dS/m) with a slight decrease in yield, chlorophyll, protein and antioxidant activity. But salt levels up to 12 dS/m
associated with a significant decrease in vyield, chlorophyll, peroxidase, superoxide dismutase activity, calcium,
potassium, magnesium content, and an increase in catalase activity and phenol content. Since salinity is one of the
destructive stresses on the growth of moringa, providing a suitable method to reduce its detrimental impacts can be
effective. Nanomaterials, particles with dimensions between 1 and 100 nanometers, are of interest in agriculture mainly
as nanofertilizers. Due to their small size, nanoparticles pass through biological barriers, enter the plant and are easily
transferred to various tissues. Copper, as a micro element, presents in the structure of important plant enzymes and
plays a role in electrons transfer. While in saline soils, the solubility of copper element is limited, solutions are of
interest to supply this element to plants. There is no report on improved salinity tolerance through treatment with nano-
Cu in Moringa. Therefore, the aim of this research is to survey the effects of salinity and Cu nano-fertilizer on
biochemical and growth traits of Moringa plant.

Material and Methods

Six-month-old Moringa seedlings were cultivated in plastic pots. Sodium chloride (0, 3.9, 7.8 and 11.7 dS/m of salt)
was considered as salinity treatment (through irrigation water, three times a week). Foliar treatment with nano- Cu (0,
10 and 20 ppm) was applied twice (three and five weeks after the initiation of salinity). Eight weeks after the end of
salinity, leaf total chlorophyll and carotenoid content, relative water content, proline, protein, superoxide dismutase
enzyme activity, shoot dry and fresh weight, leaf number, leaf area, stem diameeter and chlorophyll fluorescence were
measured. The experiment was carried out as a factorial in completely random design in three repetitions (each
repetition includes 3 pots). The factors were included irrigation with saline water (0, 3.9, 7.8 and 11.7 dS/m) and nano
copper (0, 10 and 20 ml/L). Duncan's test was performed to compare the means.

Result and discussion

The lowest total chlorophyll was belonged to 11.7 dS/m salinity and 10 ppm nano-Cu. Foliar spraying of nano-Cu
enhanced chlorophyll. 20 ppm of nano-Cu increased total chlorophyll compared to no nano-Cu treatment. 11.7 dS/m of
salinity caused an 11% reduction of carotenoids compared to no-salt treatment. 20 ppm nano-Cu caused a 10% boost in
carotenoid compared to no nano-Cu treatment. 11.7 dS/m caused a 30% decline in leaf relative water content compared
to no-salt condition. Treatment with nano-Cu had no significant impact on leaf relative water content. Enhanced salt
levels and foliar spray with nano-Cu, both caused an improvement in proline content. The highest proline content was
assigned to the salinity of 11.7 decis/m and 20 ppm nano copper, and the lowest amount was assigned to no-salt
treatment and no nano- Cu foliar application. According to findings, enhanced salt levels was accompanied by declined
protein, but the usage of nano-Cu improved this trait. The results of SOD activity also indicated that boosted salt levels
and the amount of nano-Cu foliar application, both increased SOD activity. In the absence of salt, foliar spraying with
nano-Cu elevated shoot fresh weight by 9.4% compared to no nano-Cu treatment. Under 11.7 dS/m of salinity, the
application of nano-Cu solution enhanced shoot fresh weight by 22%. Moreover, the treatment of plants with 20 ppm of
nano-Cu caused a 26% increment in leaf area compared to no nano-Cu treatment. The highest Fv/Fm was also obtained
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in plants under the absence of salt and sprayed with 20 ppm nano-Cu. The lowest value of this ratio was also observed
in of 11.7 dS/m salt and no nano-Cu foliar application.

Conclusion

Salinity led to declined shoot dry weight, leaf total chlorophyll content, relative water content, protein and incresed
proline content and SOD activity. Among the nano-Cu treatments, under 11.7 dS/m salinity conditions, 20 mg/L nano-
Cu had the most significa nt positive effect on the studied traits. Therefore, Nano-Cu foliar spraying (up to 20 mg/L)
can play a fruitful role in reducing the adverse impacts of salinity stress in moringa plant.
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.(and Bingham, 1974
(FW —DW )

%RWC =———~ x 100
b (TW —DW)

Table 1: Analysis of the water used in the greenhouse
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Table 2: The analysis of variance of salinity and copper nanoparticle on biochemical characteristics of moringa plant
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Fig. 1: The interaction of salinity and copper nanoparticle on total chlorophyll of Moringa leaf.
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Fig. 2: The interaction of salinity and copper nanoparticle on carotenoid of Moringa. Values are the average of three

repetitions and the same letters indicate no significant difference with Duncan test (p< 0.01)
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Fig. 3: The interaction of salinity and copper nanoparticle on relative water content of Moringa.
Values are the average of three repetitions and the same letters indicate no significant difference with Duncan test (p<

0.01)
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Fig. 4: The interaction of salinity and copper nanoparticle on proline content of Moringa. Values are the average of
three repetitions and the same letters indicate no significant difference with Duncan test (p< 0.01)

33 ;2 e UL (2o Ol 5 Kb o 15
33 36 o3 Sy g 5T S Jled 8 el
WY (o5 53 35 a3y g w31 Sl o 50
VVA) e 56 5l plgis Yo (b slome 5 e g ia 5
el s 508 s delesas (036 035 p S s Al
tlotn V0 Ahdsbe b S Ol 5o 5E sema s oSy 5
el ddedalie (355 O3 rj_f 23 =15 WWA) s 56
G e ) = Yool o 2oy puiag 3 pws VIV

:"’J:".’.\J.J‘J_‘p):\. ‘))UH)M‘ﬁfﬂCn—;jw

SSsdsiose sl Shs bl 4 3l Jol =k
Q)jf JM).’L?} (_g)).& u:"‘g“-“j S :\JQL&; K.«i)j.ﬁ al...s

30 gz 3emS |2 g 0 51 S 5 5 (5 goen £
oralS Lol Sad Ll Sl G glaaily war 5L,
OS5 Ol Ll e U Sl eslinl s S s
5 (505 05 05 3 oS e WE) (S e s S
23 s Ol (036 055 05 53 p S ae 01V 00) 1 50S
WV So5d 53 oot 3 e 5 ol V0 s
5 e b s 5 e e 5
el Yo L il shes (S Ol 53 Sedalin
S5 aly Al sl sy b |y S 0 Ol e LS
QU SY) Vo b ol a4 e peias 3 e VWY S (S oles
(0 K5 sls Jl58l o3 VA B |y 5 5 ¢ e 55 ("&-&.
4S 510U 3 gy Ao o 5T SIS oy o ol



(v Jod=)

A

g FW-1)

ge

Protein (m.

L;“}:"""‘j"&)j":’ oslu )lbd:.ﬂM)b&igjw?‘cb.w)}&ﬁ)jlsuub)jb)aju

s e oS T 5 SEF 035 p el s st el s AAL
ao B Nano Cu (5 ppm)

0.8 1 a BNano Cu (10 ppm) BNano Cu (20 ppm)
0.7 4
0.6 4 b
051 : ¢ de

/ ‘ Eiig Ba

3 NE I NE
0 NE N

. § Nl{ ool
0.1 - N N -

| N N

0 N [N

0 3.9 7.8

NaCl dSm-1

Fig. 5: The interaction of salinity and copper nanoparticle on protein of Moringa. Values are the average of three
repetitions and the same letters indicate no significant difference with Duncan test (p< 0.01).
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Fig. 6: The interaction of salinity and copper nanoparticle on SOD activity of Moringa.
Values are the average of three repetitions and the same letters indicate no significant difference with Duncan test (p<

0.01).

Table 3: The analysis of variance of salinity and copper nanoparticle on morphological characteristics of moringa plant

MS

Sov df Stem Leaf Relative water ~ Dry Fresh

Leaf area . Fv/Fm : -

dimater number content weight weight

Salinity 3 66625.57" 35.68™ 72.22™ 0.0699™ 1455.08™ 0.0099™  0.0972™
Nano Cu 3 7872.76™ 9.53™ 0.83m 0.0022" 6.77" 0.0052"™  0.0080™
Salinity x NanoCu 9 694.16 " 1.89™ 257" 0.0004™ 17.65™ 0.0002 "™  0.0006™
Error 32 364.37 0.62 3.10 0.0001 20.14 0.0002 0.0001
% CV 7.09 6.34 10.02 1.30 6.22 9.18 2.61

= * and ns respectively indicate significance at 5%, 1% level and non-significance with Duncan's test
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Fig. 7: The interaction of salinity and copper nanoparticle on fresh weight of Moringa. Values are the average of three
repetitions and the same letters indicate no significant difference with Duncan test (p< 0.01).
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Fig. 8: The interaction of salinity and copper nanoparticle on dry weight of Moringa. Values are the average of three
repetitions and the same letters indicate no significant difference with Duncan test (p< 0.01).
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Fig. 9: The interaction of salinity and copper nanoparticle on leaf area of Moringa. Values are the average of three
repetitions and the same letters indicate no significant difference with Duncan test (p< 0.01).

(e e g WY Goss 2 .JATCMM.; (J*‘JL:‘
sls b8l Lo ya VE a)L.p-ijla.equLbd.:bd}bm

O 52

ao

TETTTTTTET
LR
PR R

—
"
rrvTerY
i
e

il
A
R

ficid

"
rrreYm
i

SR

T
i
Hh

"
e

i

i

Stem dimater (mm)
Y o

A

AL
L

prev
r
L

=]
™
i

s
P

L

Tt

R,

L

£

A I A o o s

oo
S

2L

s
s

UL&U&)&S.\/—\‘
olls s oLl Ol s Ko il b @l vyl
YA oss s esletls kS A L halS
VINY) 2 55 0 S e Yo e 50 e 5 e 5 a5 g

WY Gosd 53 obstls B 3508 5 (iahs

B Nano Cu (5 ppm)

BNano Cu (10 ppm) BNano Cu (20 ppm)
a

il

R
FHIE
Sty

i
i

ik

&

.,f.ﬂ.,.
T
i

e

P
e
et

i
it

—
s
i

.1,.1.,.
e
P

i
it

ik

&

T

T
i

0 3.

\o

NaCl dSm- .1I

7.8

Fig. 10: The interaction of salinity and copper nanoparticle on stem dimater of Moringa. Values are the average of three
repetitions and the same letters indicate no significant difference with Duncan test (p< 0.01).
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Fig. 12: The interaction of salinity and copper nanoparticle on Fv/Fm of Moringa. Values are the average of three

repetitions and the same letters indicate no significant difference with Duncan test (p< 0.01)
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