Research Article s g3 Ao
Nova Biologica Reperta 11(4): 21-36 (2025) ot ) polke 50 (pr g8 slradly

. . V)Y IV Clbrio Fojlad V) >
Print ISSN: 2423-6330/0Online ISSN: 2476-7115 _
: o oolem olEails ol Lal
https://nbr.khu.ac.ir; Kharazmi University Press;

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/11.4.21 ]

S99 (S 59092 48 9 0, Kae Blao 0 (59 0539 b (Al oo 9 sl gm 0 )5 3
(Cucurbita pepo L.) gasls gy

Y w . . ] & ¥y
podl Hgr s Pldwo dgasa feS (Sl (59929 Luod
gl o olRils (55,5l oaSliils ¢ SLel pole 09,5 SLezslo” eyl e oyl e e olBiils (65,5l ouSiils (DULs Pl 5 el 09,5
vojodilamia@gmail.com b e 53575 Leo) 1l o Jgiano

50 ) slzom o plS 8l ey jolaieds )l Sluglo mlio 5 435 5 53k Cumrl g, Vb polie 525 Jdoa SIS (535 sl oSy
as )50 o Bolai Jol slatsh b sloe r JysS Ghalesl (i 5o 8 shee ¥ 9 Y o3l slone ) (55, 0,058 b 3k Jslme 5 LS 5o (310 -
POV e b (alidl (59 0,096 (b glome mha 93 p0 b largn LS 53 (5 Ve 9 0 slajles 10 S (g Slyime g g )3 0gee Sl 2]
2550 et ab ) 0 Skes 5 il (Ll (Sfslsn o Slas g jo dils Slasd Gl crge 55, 0,390 mhaw 90 8 (LAL sl bl g LS
Wldao ()9 IRl iz ge 0396 Cald 9350 (2L Jolxe b jlargm JUSe )3 (5 )0 Lo 5 (59, 50,590 S 5o p S (e ¥ (Bl ole b jlarsn S
89, 033536 yid 1o 05 o ¥ Ll Joloma b jlrgm LS j0 (5 Ve 90 jland o S 8 (slgime s o ol Je8g )5 a3l 5 So3edsm o Slae
Ve 5l oolil a5 ol i yole sy 51 ool gl S50 28l Lials3l g S8 10 55 )+ jless 1o Golangil 5 5y (o o (glyime b oumline
b olS (Sielgn et 9 60 e lho 1l cge (59, 003988 S p3 e S e ¥ ¥ lacdale (8L Jolowe L olyen g BS 50 o5

Je39 )l S g 3 Shee witls p (aS Lo L gualS slaojl

The effects of biochar application and nano Zn foliar spray on yield
and physiological characteristics of Cucurbita pepo L.
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Abstract. Cucurbita pepo L. seeds are very important in the nutrition and pharmaceutical industries due to high
amounts of oil . To investigate the effects of biochar (0, 5, and 10 tons per hectare) and foliar spraying with zinc
nanoparticles (0, 2, and 4 milligrams per litter), an experiment was conducted as factorial based on randomized
complete blocks design, in the Field. Fruit number and leaf Zn content were increased at 5 and 10 t/ha of biochar with
both nano zinc foliar spray. Ten t/ha biochar treatments with both levels of nano Zn increased seed number per fruit, ,
biological yield, harvest index, and plant oil yield. Five t/ha biochar with 4 mg/L of nano zinc and 10 t/ha biochar with
foliar spraying with both nanoparticle concentrations increased hundred seed yield, biological yield, and chlorophyll
index in the plant. The top amounts of phenolic content were observed in 5 and 10 t/ha biochar with 4 mg/L of zinc
nanoparticle spray. The relative water and anthocyanin content increased in 10 t/ha biochar. Overall, the results of this
study showed that the use of 10 t/ha biochar and foliar spraying of 2 and 4 mg/L zinc nanoparticles increased the yield
and physiological characteristics of the plant.
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Table 1. Physico-chemical characteristics of soil and biochar used in this experiment

Characteristics | Texture N content | Kcontent | P content | Organic pH EC
(%) (%) (%) matter (%) (ds/m)

Biochar - 0.79 0.17 /14 13 8.2 4.2

Soil Silty loam 0.05 0.7 0.8 0.79 7.1 1.1

s aw dly e o ol eailig ey anle b d 55,
SIS 4zl (0 F698 (D e jlam a5 28518
5 ss7 Gher & ollS kel ws Bie il 5w
52 slacale boj)loe ad ploxil LSS 59, &y o slatsy
OBLS (o5h Jole ol plonil Cogi a0 (Stws Djgons
Eorh (S r A al>ye) Cogiaw 3 e e b
A plxl (pgs Al e (AL Jolowe 5l an 59, 10 5 (a8
Wy dws dndl> 1 Bdx b (olojge VO) 0y Juad (LL o
A8 Sl L S50 Slho  Wad gyl &5 e
Woges oy YO a5 al slwl gloy lalS cuils
=3Il (gl 30,8 (abo 5 4 g9, S 5 5 Wogy oo
JiP o Aloldl ladiges (St Slie x5
Mialojl & qle (9 315 5 48T 8 (sogiies]
ails wgree J>1o 51,0 0,5 )b 5l o was Jaie

23/YY

S L e

mJske (9) (59, 0,350 5 (LSa yo (5 Ve 5 0 (yh0)
Slae (Fp g wdy » Gl p il b ¥y Vo8l
3189y 0,596 285 B oy n 3550 bS5 (Suele
5 b 5l o 0b ays US-Nano America s %
dw ol 4 plas S wolocnd)gp Bl 0 (e dans
ali polol kg 955 e al bl je &5 0 e
Wb bolze S Ly Jlasl Sl 0)50 slao )57 00 )b
Fo 9 2o b el Yo gl b plaatiy
O, B0 g 0y e daw CdlS (@) o Jeb ol ol
30 o2 5l e il B0 Aol L lals ol olowl ey as
0353 (GRS p3 (5905 A 5l al claS @) Bb g
4 ey il ok eolial yAl (pw)n 5o Oledel (son
3 e g b ool 18 Cgbye dl> )3 59) 90 Dae
S )8pm Sypeds Jutle 90 Ges 4 oladly


http://dx.doi.org/10.22034/11.4.21
https://system.khu.ac.ir/nbr/article-1-3666-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/11.4.21 ]

Vojodi. The effects of biochar application and nano Zn foliar spray...

S o Cagby (5 5ol

jﬁ )‘ dszlad s.iv 3).1 ‘5........' w5.‘o) 6).450)‘&‘ 6‘);
GrSesll ol 039 5 o s e ile 93 )0 90 Slal &
F ol jo shie O Gol> B, 0 S o B
sojlal) ol cels YT Gaedy o 5 ilwas o
22 sl 4 Abolidly ladiga s (Guildysi 039 S5
g o Jae cele FA o ol 5 coluas o Ve gl
s Sngby (6503l (Sl o e Biged 2S5
«(Ritchie et al., 1990) o solil 55 akal )5l S

— S 39) | (il g8 039 - SeaS59) x Ve

Sy oo Cugby doyo = [()-"'Q)'B

il gl 3 Agighld (JS Jid lgizmo (6 o3Il
SlesS 10 oS uilmssl Gl s nSojlail (sl
" lwgtl lyime ad pdn ol Jgille yo wlo
ahowgts agll B0+ zoe Job ,o (VAVR) S5 Ao,
=031l (gl ol (5 ,S05l3l (T8O, China) yiegids xSl
olas 5l gl N s, B Glye 505
0398 oy Vo poinegdl WIS i) (e Y (il
gy gl 01 zoe Job )0 ladiges Qi o 0l
Oy dyllinl sl g ol (g oIl fagigy Sl
mojhl gl ' s lsE Bpme S ol Siaee
Ol SIB ol 5ol oolitul JS° 18 slgime 65
Ty Job o (b SlS 5 s pSesll sl sl

(Kimetal., 2006) 55,5 solizw! yiogl VO
697 Slgime 5 oIl

— S diged a8 S sy, wble g Sejlal ol
IRVORLOM ESPURC U g PSR S
Slps al pan Jby S S s spnl b e 00l
Corning, ) ol iz ofiws 5l soliiwl b aiges (3,

sloo jo ,d oud

b opens VA2 STl 59,4 (410, England
(AOAC, 1990)

Losls O.S.vl.w wl.a.e 9 ‘5)L0T ).JbT

1 - Folin Ciocalteu

24/v¥

SIE R3S 6995 2 539, 0,350 b (B Jslwe 5 s 3,1 256 53529
VFoa o Susb) Goem; by B) S ale o
WA (dus o
aildaws (439 (6 S0 3lul

22l plse diges ez @il wo ()59 amlns sl n
W Gend Jlzms 9515 b o] (s 5 08 ol oS
bl Sl g S Selgm o Shos 0lS (39 (5 S0l

sl p ollS Gjs i Bk 5l Sislen o Sles
Jol> (Fam, al>pe 50 05 Gl slacis, 5l ead
wolaidl o Slae cad Jloel b cilsp azls ol
Voo dae )0 0y g Sojglom 0 Sles 4 (oge 3,5es)
«l» (Khalili and Nejatzadeh, 2021) o Jol>
Loogl o celo FA Soe plals «Sas g dmloxe
S yje el S ol ile axye VY gles
Germany, ) Jtusws a5l 5l oolatwl L ladiges
A s .5e5lal (Boeco, BBI41
€95 Slgime s oIl

O Sl s 5l eslanal b aiged (485, sl
onbSas d e S Se s, 089, gl ln
e Vo (Cell YE oy of 5 il a0 £ sles o)
slomo S 5991 sty (sl 5 0 8Ll 51 sl 2
- e B SlopysSIB & ol Jslome b 55 K
40 428y Ve Goeds g Jae (g ]
09, olyeads 1 JSles (s (29 mle b ey yile

Y¥ Odody L“’JL’.S W 6)9] e stl:u <o 6&
B ools 1,8 ol 5 il a0 Yo sles b oyl o celes

A8B5 ,0 yg0 Voo e

ol 3l &S sg Al (85, eailedl 58 ) P> b
3 oey o S as ol colaiul Al 0 g0 Slao i lp
dol Cavody wils o Slae 0 45, oy Co Jol>

.Jahan et al., 2007)

Judg IS (a5 L (g ol

- b IS olKiws 5l ooliwl b Sy Lo, lS asls
A dlore Sbewl Sue Sl p g (S g
J5 Jaloo olr Slge slgine (g oIl

FaagiS 8, sheslitul b S Jolre sl slge (slyie
A (5 ,Soslail (Erma, Tokyo, Japan) .o


http://dx.doi.org/10.22034/11.4.21
https://system.khu.ac.ir/nbr/article-1-3666-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/11.4.21 ]

Nova Biologica Reperta 11(4): 21-36 (2025)

(Moradi Marjane et al., 2014) o& ogue ;o als (59
S Om Adged 38 Blge 5 3550 il b,
“059 (6995 p ladlas o 0 ls vgzg als 5 0, Jl> o
Ad Gl czge Hlarsn 05 45 Wb aie S
S50 (Khajeh Haghverdi et al. 2018) o «ls
Vb (G955 Jobs 2ud )b oS (5 0ll ogase oy o
5 SL spilols il cel cusb, 5 loaSs SUlys
e polie Qax 29l o0 Ay Ayl g 0D, Gl
¢Sl slge sl | xSl Gl by
9 N Giledlil 5 g SB 09,5 Cumez Cogis
e B Wlgs oo ol (gl lide yolie lojem s
Ardakani & ) ol axils oL o, Slee g 0, Liol3dl 5o
a5 0l Lasie HLE 50 ow,p o o (Sharifi, 2017

N A S P PRCITR S R By N R
pasS jo ails i 39 59, 0,940 (Gupta et al., 2022)
o9k oSkee 4 (AdIl et al, 2022)
Sl il 1, (Hassanpouraghdam et al., 2023)
Soete b 59, 0,590 b (LAh sloe oo a4y (rix
RS 5 Sk Job 38 g alaton lasul)d
5 ool (Doolette et al., 2020) (ST 0dgs JJo) o]
ST o1 Gl JiGal, blie o olS cusglio ialsl b
Jala et al., 2022) w5 o SeS olS 5,See 350 4
ilbee OBsn S Fiwsn Gl Gasre slesle )
Oil38l g el olS 0 ST g oolo i g
Sy 5 oS rdplie g b oL 5 (55, lyne
Al Jabri et ) oS o SeS olS alsy a5 oS 30,90
ol )8 58 pols awyp 5l Jeb mlbs @l 2022
oS 5 Shee Lil3dl Logas 3 358 ond alxl Sldlae
D92 )l 9 3y 0,590 0 )l oS

25/Y0

OFY) TVP8 F o lad ) Vale o s psle 45 s sloazily

i plesl SPSSjl58le 5 51 solitwl b laools 5T

OSSls glasls wix yge] SaSa baosls 1Kl anslis
Al plxil asyo ) g 0 Jleisl mlaw o

oy g gl
30 A0 Oy (AT gy 4O ogue dluxs) o ,Sles (gl3l 3,9l
(410 3o (439 9 il 5 ySlos coguo

slass aS sl Hlas il jlg 43320 Jguz 5l Jol> gl
alods 59 g a4l o Slac 0gun ;o dild laxi igy ;0 0guse
cé S 3 caabe] sleles bline ol 5t cou
P2 )3 ogae Slasi oy yiion a5 ol las mls (Y Jgo)
ol S ¥ oV slocale 5 g 95 whaw 9
090 Slass L))J.».QS (\ﬂ JB\.\>) A odalive S9y ‘_go)dyl.’
odalice (b Jslne 9t g slrgm 9l e Hles s
S G llyd e S egee Slawi Sl 5l s
5 855 0880 Sl 5o S e Vo sBh ol bl
hdslee e llyd o Jlasn JBSe ) (5 0 e
5 ails o,Sles g 0gun 4o wils Slasd p iog okl cdslie
FoV ohdslre bolon s LS jo (5 Ve jles
Ol pyeS 20,5 ol (55, 0,956 i 50 0,5 Lo
O S (g lel il ol saslie vald jo Cdo 93,8
69y 80,550 Sl o p S e B oV L AL sloe jles
o Sles g ails olaws sl g 5l eolamwl gy Loyl o
50 s ),“...L, Cod dildas (i alid cdalie dl
5 03980 il o e S e ¥ Labsloe b g )ISe
Hhdglre whaw 5o o b e JBSe 0 (5 Vel
(S ool 3y 39y SgeS (Y Jgaz) <5 18
3 st cou 1) als logase ol 5,Shas 5 uiigp
ol lid 3ElS 130 (6905 o calplil oy 00 e
Uil Cge 59,50 985 cawlie Folaw l solatul oS


https://www.frontiersin.org/articles/10.3389/fpls.2022.1046642/full#B19
http://dx.doi.org/10.22034/11.4.21
https://system.khu.ac.ir/nbr/article-1-3666-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/11.4.21 ]

Vojodi. The effects of biochar application and nano Zn foliar spray...

foliar spraying with zinc nanoparticles.
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Table 2. Analysis of variance for the growth and yield characteristics of C. pepo under biochar application and

Source of df Fruit Seed Seed yield | hundred Seed Harvest | Biological
variation number number seed yield index Yield
per plant | per plant weight
Replication 2 0.16™ 1464 341225" 81" 12024" 0.0036" 432651"
Biochar (A) 2 2.5 15784™ 4215587" 239" 325747" 0.013" 578945"
Foliar spray (B) 2 0.6™ 18542" 5478318 2187 54821" 0.078" 1234758"
B xA 4 2.9 24163" 15254874 | 214541" | 785401" | 0.098" | 1789578"
Error 16 1.3 1438 12451 88 4754 0.004 121521
CV. 8.4 11 11 8 12 7.7 10.5
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ns, * and ** refer to nonsignificant and significant differences at 5 and 1% probability levels, respectively.

G5 (5995 okS ,o addllas 3)50 Slao 155, 0,35 b (AL Sk 5 gm0 )8 hlite SIS (Sl anylie - ¥ Jgur
Table 3. Mean compression for the interaction effects of biochar application and foliar spray with nano Zn on
physiological traits of C. pepo

Biochar (t/ Foliar Fruit Seed Seed yield | hundred | Biological Harvest Oil yield oil
ha) spray number number (Kg/ha) seed yield index (%) (Kg/ha) | content
(mg/L) per plant | per plant weight (g) (t/ha) (%)
0 0 0.884 242¢ 651¢ 19.2¢ 1.5¢ 214 187¢ 15¢
0 2 0.97° 274¢ 721° 28° 1.7¢ 23° 224¢ 21°
0 4 1.0° 264°¢ 753¢ 200 2.4° 25¢ 247¢ 20.5°
5 0 0.94¢ 253 699¢ 23° 2.1° 24° 288¢ 17¢
5 2 1.2% 354° 875°¢ 240 2.5 27° 313¢ 23°
5 4 1.3 386° 902b 328 2.9 28° 348° 26°
10 0 1.0° 296° 743¢ 23° 2.3 27° 390° 24°
10 2 1.5 410? 10612 33 2.9 38%® 4232 33?
10 4 1.6 4282 1086° 357 2.9 40° 4772 30.92
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Significant differences among treatments are indicated by different Latin letters based on Duncan's test (P<1 and

56).
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Table 4. Analysis of variance for the physiological traits, and Zn content of C. pepo. under biochar application and
foliar spraying with zinc nanoparticles.

Source of df oil Oil | Chlorophyll Total Relative | Total Flavonoid | Antho | Zn
variation content | yield index soluble solid | water phenoli content cyani | conte
content content c n nt
content conte
nt
Replication 2 99" 0.13" 17ns 14.5™ 35" 6.3™ 0.9 0.5™ | 20m™
Biochar (A) 2 189" 1.7 35 43" 1418™ 70™ 1.7 2.4™ 76"
Foliar spray (B) | 2 364" 2.3" 88" 8.8™ 491" 56" 0.33™ 0.17" | 197
BxA 4 152" 4.9 29" 49.2" 377™ 158" 0.69™ 0.24" | 38"
Error 16 12 0.11 2.3 12 154 5.1 0.12 0.13 10
CV. 10 7.9 10 8.2 9.4 12 2.8 2.1 7.0
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ns, * and ** refer to nonsignificant and significant differences at 5 and 1% probability levels, respectively.
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Table 5. Mean compression for the interaction effects of biochar application and foliar spray with nano zn on

physiologic traits and Zn content of C. pepo.

Biochar Foliar spray Chlorophyll index Total soluble solid | Phenolic content | Zn content

(t/ha) (mg/L) (Spad) content ( °Brix) (mg/g DW) (mg/kg DW)
0 0 184 1.1¢ 25° 29.4°
0 2 24° 1.6° 36° 32.9°
0 2 22° 1.5¢ 36° 32.2°
5 0 24° 1.1¢ 33 34.2°
5 2 200 1.6° 42° 43.6°
5 4 35° 1.8° 40 44.8°
10 0 22° 1.5¢ 28.9° 31.1°
10 2 36° 2.3 44P 44,28
10 4 357 2.6 46° 4218

el sas 00ls (L P 0) S5ls (yg05] (Glies pr (pdY Sigliste g yo b b Lo o lo e glis
Significant differences among treatments are indicated by different Latin letters based on Duncan's test (P<5%).
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Figure 1. Mean compression for the effects of biochar application on leaf relative water content of C. pepo
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