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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.

Keywords: Chlorophyll, Proline, Relative leaf water content, superoxide dismutase

KCitations: Ameri, M., Shamili, M., Roshan Sarvestani, V. and Ghasemi, M.(2025). The Impact of Nano Copper on\
the Biochemical and Growth Characteristics of Moringa (Moringa Oleifera L.) Under Salinity Stress. Plant
Production Technology, 24(2), 1-20. https://doi.org/10.22084/ppt.2024.29698.2132

© 2022 The Author(s). Bu- Ali Sina University Publication. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Online ISSN: 2476-5651 Print ISSN: 2476-6321

/



https://doi.org/10.22084/ppt.2024.29698.2132
http://creativecommons.org/licenses/by-nc-nd/4.0/

VErY Ol b /Y Slea /‘:‘5; 5yl /f)\.q;_; 9 S M /‘;aL_f QL.L_J_,S ‘5)‘9’\:} S —) E—
4 https://doi.org/10.22084/ppt.2024.29698.2132 o

Busse shdy 9 obordiom s S5y » sl 30

9% i cow (Moringa oleifera L.)

The Impact of Nano Copper on the Biochemical and Growth Characteristics of
Moringa (Moringa Oleifera L.) Under Salinity Stress

ool e 57 Sliwy s s Ay T e o) paie (6 ke Laga
VETIVINY Ly Gl VETT 0N sl b
(o5 dlie)
L Sk Lyl 5 5l gles 28 ik Wl o 5 LS o Ly e S bl 534S ol ga)ls 5 Al aLS )l Ky se
OF 31 eslizal (s (golitls 285 stz 5l sl OLALS 55 5 Slas o diS3sdoms o b Lo i 51 SO ()58 S e
2l Yoo sV ) s bl U addlls Gda b ey ol das a1 (655 55 51 50 gl gl Ll 5 e
2 el Gropmier s s WY 5 VA /8 00 ey IS (558 o Kuppe olS gy 5 plandigm gl S5
Sis 035 53 S e ot el s ine alilese Slio e 5L 5 S sl b S sy O 51 S
WY (G5 Cod oA S50 gamm 3 denS | g Clad 53 a5l 5 s 0 oS O el (Glgime (IS bs IS (gl simes ol
V) e85, (ho)s Cia) g (Ao ys VY) S 5558 (doy3 YY) o lstls 5 055 e sl L sloee o i 5 g
WY osi oS SLlS 55 Ly ks il G AeS ol Gl Al (L ps V) 5L see s Sy s Sl 5 (Ao
(o3 £8) S o 2ol Col 2o pien S s VWV (6058 pimped Adodalin (s gy 03,8 Cdlpn |y e o e 5 oo
S 85 md Ol e paemme 03 AE sl ) S sl o YU 101 el ol p g Y L OLLS Sl
e 5 4230 50 olS 3 (6o 5 s S (28 53 (e 5B Ll e Gl V0 B) e D350 3l sl

s Sosd Jal s 53 olS cpl iy s SlST S led e e S5y 5

/ Kl.l)}a 6'L:J}Lf‘l?°'?‘:)f 6&;;1),.0..««_,4\..,;1” (\2~Y“) f]aw‘wu) -9 AL;;LLAJJ..» Ji)) A.‘ﬁ ‘AJL»"“: ‘.‘: zéjal& 4.“.5.4 4 Cb.)‘\
Yoy (Y)ré A oy el aloes Bagd s Sl (Moringa oleifera  L.)

https://doi.org/10.22084/ppt.2024.29698.2132
Commons Creative LiCENSE 5, e coou skius 5 Cul (O8) oy o slaze 25 3 >

531y ek Ol (sallis das e o3lx| s 4 Atttribution (http://creativecommons.org/licenses/by-nc-nd/4.0/) @ )

ET MG

i o)Ll il ol s Sl gl Sl s s L i il ge B 4ol b o105 STzl 4 wlels

k TEVA-YY t gl LS YEVA-0T10): Sy <SJI g\.y

Ul]ﬂ‘ ;UAL&)M “JKJ‘_;A AK;».;‘Q AJL&LJ rjl& a}ﬁu@b’.b}éﬁ)&b 6}%&.‘;%;@\' )\
Ol Glas (sl Oleal Mcu,w”mu;;ﬂ}@@a’a;f oldils ¥

Ol ‘d,j-sujjs;,mN@ujdj),usu;jfu;;Lz:ba)sf.;gd;wu;@ug;w i3
Emai: shamili@ut.ac.ir J s ooy g5 13



https://doi.org/10.22084/ppt.2024.29698.2132
mailto:shamili@ut.ac.ir
https://doi.org/10.22084/ppt.2024.29698.2132
http://creativecommons.org/licenses/by-nc-nd/4.0/

KT A S (o )y s Shad 5 pea S Gl ples
(Kou etal., 2018) ol 3leSL 5 20 Oluiladl clin
S eVl Sa,b Ll 5l gles 28 Cab Wilg o olS oyl
(66 @) PH 5 Gaages Yooe 51 2 b s s Yoo
B 3 Ky, (Tiloke et al., 2016) &S |a>s
ki 5 oS Bl b oxs pl el dladir 5 A3
ol gLl S ol Gl Jgeme Hsba Gl (S o s
Gandjiet)v\m)&ﬂ_gbur?;)&4{@(}4}@@]&)\
slas s Ol s fele G Olgews oS 0l (@l 2018
338 8 eslinad 55 Culs AS 5 (68 LAS O
Gl B 5 AS oS il ol Dy s
s aanl sy K50 i es (Fantoukh et al., 2019)
T e N L FACE PO PP
Gandji et al., ) <ol OleS1 51 5 0wt Lol gl
L) 5 s of Sl &Ky, 50 Jlg .(2018; Pareek et al., 2023
s 53 G Gl L Grep ey Sota
FES-{ N SVCOU PR PN T WO 1 RGOV (P PR PRV W I
TR VRO SUISUCOUS SRR S FINE OV CJJM Ll ol
SoeSly Slls (JslS oSls gl
(2 sl oedS (5 e ((SOD) U san 3451 5
33 dlpea B lse 5 VB ol s LI
sl =5 3l gyss & Ll 31 .(Nouman et al., 2012)
sskea ol Gias WLl il Kuspe iy o e
03 IS e AL fse LIS e 0T e LA el
53 e 36 L Sles Goob Sl s 5w e s 20
T andllae (o cnl 51 Ba (ol ply 35106 5 5 K5
Slime) Slacdsm b Shy 2 e 355 5L 5 s
e Slyme (Jd s IS il S 5508 5 JST s AS
QS g S e Gl gomn 0 (Sl gione oS
S p gk el s S 5 5055) iy 5 Gl e
el K oS 3 (S, sl s wle s

1. Superoxide Dismutase (SOD)

sl 3 bty S S35 2 el ST 0L 5 gl
FPRVIIR
S YU Glos o St dax Sl Ciliee s 8 Julse
53 3, Ses e diSspdee Jolse Sl 050 5 ol LS 5
5 by Ol (g5 (Abbaspour, 2012) sz OlalS
LS Eel ol 3 5 oS U Jsame (S50 0
DLalS 53 (Sdploe slacdls 5 T oLS 5 Gl
(St 3l b S S (Hayat et al., 2020) 53 S s
L (5 (ot oy 5 Ly | b Al
Ma et al., ) 1S o 5 sds O] s s O3l 13 Sbcsw
Shestial L g S glacaul 5l olals (2022
53 La0 s Sl ion o Sead o glal . Bl G
Mostofa et al.,) 1S o Sl 850 el e b ST
(2021

Schaller ) ;o gl do U SG m slal 4 5153 ol g0 56
558 5 6 S L bues (63,5l 55 (and Klimov, 2004
<l 6L (Peyvandi and Mirza, 2011) dc s 4> 6535 50
Gl dte b aen s glade 51 LS S o5l s
Lol v a0 Sgg 40 5 0l olS 5,05 038 s S
O aeeS (§ pais e (Khan etal, 2019) £yl o fate
055 s o ) ALS g slaw 3T Olatle s oS ol
5l [y SeeS) aliss 5 5IaS s b Sl
03 S Il s S e i il o s sSII Jsl 5 L o
El-) il 350 ,mie ol Sl Sl 558 glasS
G5B palS G e aie 35S (Fouly etal., 2011
Lo Shes (2l 5o oS (655,L 5 (o) sbapltl 035
[(Fageria, 2011) 5,l> & ,»

o S350 abd s 45 AE yasiie Jiash o3
i S (K a8 0LalS o (1) s p S e YOO
Ot o e Il OIS 5 S 5 e (58
Hernandez-Fuentes et) Lisu o 3 s ST 5T Cdled
(ol By 3 olS s e 5 1S i es (al,, 2017
Fom el 5 G818 i 5 b 5l i 5 s
Igbal et ) Cewlos s 5108 5L (6 ol oS lablons LS 5
.(al., 2018

o5 3 (Moringa oleifera L. 2n=14) | i), K.,

53 L e o sl 31 (Moringaceae) a5



\ery ()M}j}zb{/\"-\ Q‘;@/c;b EJM/CJL@{JM&/@L_K CJL.\:S_,S ‘5)‘9113

s et S A il S e
oo UL S n s s Al Sl s 6o S L
Fars 3l A s iy 5 an) 5L (el Y0 5 ) i)
olalS (Tabatabaee et al., 2021) .o Jlesl ()0 Sl
5 Ghie D appimsoms e KoL sadley
Olpea Ghis O e 56 Sho slag b o (2L slows
Gos o pladl 5l ey anis Cuds LS as S s dals
o dSils oilesl L3 o5 Slis (s A, Al o

A ng._\fe)'\.,b'l 3l S50 Sislis

S A3555,8 5 JS S35 S slsma Y-Y

S e e oS85 56 S Sl S ) e
@33 Y1) 03,5 5SSl 51 ey co3 58 L LS 5y fites
Sdzma 05581 05 S Gl (5 8 Sl asj3 0 Lo
sedkla) ) eV woslas o LllS sl g oo
o 555 S oS s Sl el Lo jlas i Sl 3
AW laz s Jsb s (K el SOsm oS 0wl Tz )
5 S s IS (glme s Sl 3 e LS £V 80
s OS5 Oos p S 5o p S ke e A3 558
.(Hiscox and Israelstam, 1979)

Chlorophyll a (mg/g F.W.) = ((12.7 (Ase3) -
2.69(As45))xVVolume)/(Wt.of the sample )

Chlorophyll b (mg/g F.W.) = (22.9(Aess)-4.68(Ass3)
xVolume made)/(Wt.of the sample )

Total chlorophyll (mg/g F.W.) =
((20.2(As645)+8.02(Ass3)) xVVolume)/(Wt.of the sample )

Cartenoieds (mg/g F.W.) = (1000 Auzo — 3.27
[Chlorophyll a] — 104 [Chlorophyll b])/227

055 Wt. of the sample « =) - 5 4 305 @ VoOlUMe

T Jsb o ol Adro  Aess Aets 5 0 S o 4 503
JSA).:L: LV }-\-\V Ado

&S/ﬁ uiw‘yj:u Y-y
|>Jqu§o>l:)\}ﬁagfd)l>g_éjlé): Sl s cela

3. Epoch

S, g 3lge Y
ke Jlesl 5 AL 5140 g5lwoslal N -Y
53 Bls GBS 5V 818 ladle b ol G
£0) ool Ol Ly Ol g 5ol S S gl
sk adda VY 5 az)n oY Gl 8 Jld (g esls
e 0 el ) (Slad (o ,e aads K g am s Y (B3
oS Ll el |l g SIS o o (L3 e
4 OB 50 OLls adlb &S 5 51 i o35 Ky 0
sole s rjb aale td gladlgls ( B8 LS5 5 gl
Laslag Jlasl g (ol £0 330 i) (ko
Sy GolS s Ladlg s S 515 aslizals ) 5
Sl Gre il 80 500 i Say ailas s 4 Cu;)\)
Ladle il ol eslinad 3550 iy il 23S (2585
2 0LalS e (1) asls 5 S oS il S S 5
Lol S sl a3 VA2Y Gls 5 YPEY &l b sie slos
St 1ot Dled LS ISty W el b
OIS 53 (S5 V0 hyls 0lald) dlg il 5 s ole
A )'LbT

Sl (LT =S e ety JIS) szl 550 S
e et e VWY s VIA XA o pslie 5 > hade
e slazia 5 okl O Gk 5D (sosd e Ol S
Ao sl Ol Jhis OTL las ian S k5 s (L
N S s pskisan b S s e ey
LG azin 5 L0l S 5 S a5l s
o ala Sl ()5 sled S el Jhada TP
L OlS OlLS b3l laieas OF 31 oy 5 dslonil Jsbo
Pashangah et al., ) Ko_s g Lol aie T L s SO
b b e s LaollS b bl cu s a5 (2020
L Olals aan lay Jlasl ds b ddediley a5 50
o3 esletul 5540 ;.j JJL,T INENRIPVN H AR WL R v PV
Ceslodal Y J g

AU S, 5l Rl cal s eslinal sy e 65350
S ol ke ad ol (Ol dede) Sl

FoBle g0 S MY el & gl £ sl

1. Merk
2. Germany



ohRWC = v PV 4o
‘ “(w —ow) "

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. 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)
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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" 0.83"m 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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