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Introduction

Among the various nutrients, nitrogen (N) is the limiting element for crop yield, which application of the
optimum doses of this fertilizer in addition to increasing the yield components and grain yield in paddy fields,
enhances the profits of rice cultivation in the region. One of the sustainable soil management techniques in
paddy fields is the application of rice husk biochar. Biochar improves rice yield by improving soil chemical
properties, increasing nutrient storage capacity, and also reducing soil acidity. Zinc deficiency can be the most
important limiting factor of rice yield after N, P, and K. Therefore, the application of zinc fertilizer in the form of
nanoparticles can be an effective technique to increase the quantitative and qualitative characteristics of rice.
Therefore, the present study was conducted to investigate the effects of nitrogen doses along with the application
of biochar and also zinc fertilizer in the form of nanoparticles on the quantitative and qualitative characteristics
of rice.

Materials and Methods

The field experiment was carried out as a split-plot based on a randomized complete block design with three
replications at the farmer's field located in Amol (North of Iran) in cropping season of 2019-2020. In this study,
the doses of nitrogen applied at four levels of 0, 25, 50, and 75 kg.ha™ as the main factor and application of
fertilizers at four levels of control or no application of biochar and zinc nanoparticles, application of biochar,
foliar application of zinc nanoparticles and combined application of biochar and zinc nanoparticles as the sub-
factor were considered. The fertilizers of biochar and zinc nanoparticles at 40 ton.ha™ and 50 mg.I™* were used in
this experiment, respectively. At harvest time, the yield components, yield, and N and Zn concentrations in grain
were measured. Analysis of variance was performed using SAS software (ver. 9.2) and mean comparisons based
on the least significant difference (LSD) test at the level of 5% probability.

Results and Discussion

The results showed that the simple effects of experimental treatments were significant on all morphological
traits, yield components, and grain yield except the number of filled grains per panicle. The grain N
concentration was not affected by biochar and zinc, while grain Zn concentration was significant under this
treatment. Also, the impact of N application was significant on N and Zn concentrations in grain. The interaction
between experimental treatments was not significant on the studied traits except for the number of fertile tillers
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per hill. The maximum fertile tillers number per hill (17.66 tillers) was obtained by using a combination of
biochar + zinc nanoparticles + 50 kg N ha™, which indicates the positive impacts of S|multaneous application of
these fertilizers. The application of N fertlllzer at the amounts of 50 and 75 kg.ha™, respectively, resulted in
maximum grain yield (4340 kg.ha™) and production of the highest grain N concentratlon (1.30%). Although the
use of each of the biochar and zinc oxide nanoparticles improved the yield components, yield, and nutrient
concentrations in rice grain, the combined appllcatlon of biochar and zinc nanopartlcles S|gn|f|cantly increased
the quantitative and qualltatlve characterlstlcs of rice, so that the highest grain yield (4062 kg.ha™) and greatest
Zn concentration in grain (28.5 mg.kg™®) was observed under the simultaneous application of biochar +
nanoparticles.

Conclusion

According to the results of the present study, N application at the rate of 50 kg.ha™ and simultaneous
application of rice husk biochar + zinc nanoparticles are introduced as the optimal dose of N and the ideal
fertilizer option to increase crop yield and enrich rice grains.
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olnl sy sl gy 4 s

Homepage: https://jcesc.um.ac.ir

MO"GU?;/’,@»

vea-v1\ uﬁc\i'\ J'.ﬁL; Y OJLQ—:; AL .U.::

Tr S 9 oS Chwesad 59y OLEU 5 5l an Lol jen 35958 nole O yae

(Oryza sativa L.)

‘ . ¥ . #Y L. .. \ N
U ol aggls W e p TIPS e ¢ B et Oloun

VYV bl ol

VEN YD 1 s s Fo b

2SS

5 @ S 9 (oS Cleogad 69y Sldsl g gip dws slage 20 L ohen (g e polie Bras SISl )y pslaieds
2 ol Gl 5 @ly (pased asy50 53 1S5 aw b (Bolas Lol soSsh ik B o 0ud 03 a8 ©ygonr el (edla o)l
g ol dole plsieds oyl 355 gt I (LS )3 5L VD 9 0+ VD i) o Yoz )3 (985 plie Bpas b L2 VWY ol)j Lo
(9> 2SIl 9 )l g S pae pas) aals =) 2 fold s Sl 53 (33 32 p)S e 8+) (59) i3l 5 (S 13 (5 F4) Jlogm ladgs 3018
S ol LS gl Kad a3 a5 ) (o) Jole lgisas (59) 2SIl 5 kg (5 5 0 T 5 ) STl 28 Y Glagn 3 )8 Y
clale oVl g g (LS 3 p)SokS FYF+) 4l 5 Slae o Jpas coge b it )i 13 p S YD 500 polia )3 (59,25 355 3 )18
45 Glsg A WS wip (S g (o Slaogad b dne Gl cuw 69y SL3L 5 slgn (oS 5 3 35 (3e)3 V) &l (g st
+obase olojen 38 kulyd )3 (pS9kS o p)S (e YAB) &> )3 g9y clale yiSlas g (LS 13 )5 obS F+5Y) gy il 3 Shos o ity
PP+ g dg Jlrgn Glojen 22)8 5 U823 p)T6lS B (ie 4 (gt Bpas ol ddllls gl 4 4295 b oAb oaalie 04k
Hab B gy Al gile g g Jpazme 3Shes (Rl Caz (6395 ollas 4n S g (gt Ay e (g )

o3l 5l i Byas (Jg (Tayefe et al., 2014) 55,5 oo g6y )
OMdie (pized 9 ()90 Sl ol () Al cage J )
ol s egMe (Xu et al., 2015) 25,5 o Aaoxoous
Gyme JLod 4 30 g0y0 05 Shas g Ay Lials ¢ Jasrocu
Pampolino et al., ) cowl odd (5,155 59555 58 YL polae
03955 395 Cupe (il ) 65,8 el (2007
alyblse yialS bolyn o)) aVgame 3 Sas iolidl cos
Ml adg 4 ey Gl qulio g4 S Wl e Jamecns

(Islam et al., 2016) Wil Jgpao
(Olad6|e et al., 2019) Sl CJ)_) Alwgy )1_59.u o..\_».SCM..ol
d93me 3T L bome S5 50 g )l 35 5 Jlese
Ologas 390 3)b 3l ,Lase (Bougbis et al., 2016)
e 9 ol dlye IS cubls (IS sland
S9pe 90 (Ajayi and Horn, 2016) S5 answl ials
aS oad 555 . (Koyama et al., 2016) 33,5 oo g5 3)Sas

255 5 ey e g9y clé il 5 Slas 1 galS gWoojlg

.

LYRUFY

g SGpacy polis | (S (joyis alié i ol g 5

(Islam et al., 2016) cwl ely; Y gae 5,Slos 0058 D g0
@ 4l 3Slos 55 Slas dlinl Gl cage o alge 2,8 &S
5 Jeols 25w Ginls 8l g gyl syl 45 (Oryza sativa L.)
ol 20,8 (Faraji et al., 2012) 545 0 dilaio jd g0 p el
el & (ol cua lpl Jlod la)lidls 53 (595t 355
Jafari Kelarijani et al., ) cwl ()58 (5ol g0y 3, Shoe
1l 3y Slas Sty rge (353555 S35 B ypas 4251 (2021

el (oMl al5T ol8usils ¢ Lol bl ol sty el 09,5 ¢ 58 (ggomitily —)

ctol dl el asly wicly; 09,5 5 gy ol Clidss 38 e Lokl =Y

Ol el ool 31T oltsls

Al el ool 3131 ozl ¢ Lol alll ol asly el 09,5 ¢ )bobiuol —¥

Al el ool 3131 ozl ¢ Lol alll ol asly ceelyj 09,8 o bokiwl —F
(Email: yousofniknejad@gmail.com

DOI: 10.22067/jcesc.2022.75649.1150

'J9§.m.4 o ¢ —-*:ﬁ*)


https://jcesc.um.ac.ir/
mailto:yousofniknejad@gmail.com
https://dx.doi.org/10.22067/jcesc.2022.75649.1150

YE4Y 3l O oylowd Ve ala coyll (£ly5 Ghidoiy 4 puis YAV

Byams lodsly ¢ olond Jolito (sladeS b duslio jd ladgS'als
Gy Slogas o1y gy me )5l Jes opl &S WS 0 >|)']
5| ealazwl ((Mazaherinia et al., 2010) 455" o slog! lals
douo 9 e yolie Buae flosly Linli8l e Wilgs o )34l
olallas (Alharby et al., 2016) 3,5 ous a8 )5 ay tw
Kheyri and ) s Jewle 5 o) 8 b wgy oa 5 plodl
2 sy ST Slydgb 548 a8 ol Lis (Abbasalipour, 2021
9y Bl g 9 3)Slae Il Coge g M) Cile Sl e
Olojod (8 pno aS Wdged o )l35 ldisee ol 00,5 iy il
B 2o 93, Shoe li2l 390 g 59y Cllges 9 )brgn
(Mahmoud Soltani and Abbasian, 2021) x> 5

Jargm 2L Sl (ypp Baa b 2l Gimggy cnl
s ).i.)l_D.A ;9)_.49 Ls ol)‘m &9y .L..wf‘ ul))yl} 9 ("EJ)J d«uvd}}
Sloss alwlid Cax gp (5 5 (o5 Cluogad p (gt 395
4355 bl g8 Mg d9ae gl canlie

LS9, 9 dlge

35 glac, S ©pson ctlel saghy cul sl jsliten;
o 0 LSS awl Bolai Jol§ slacSsl b LB p> o
A0S sl WAl elys Jlo (b ol ol yad 3 gdly aased
adi ¥ gand ¥V oLl claswe L zyb glpl dikhi
Wo gl o 8, Jobb addo Ve gdo 0 0Y g Jd o4
otalesl (lyal j) b el a8 18 1T (b o 5l (s
L yio Gos jl plalojl sl dore SB- 1 ()l 05505 40 pll
SE oo 5 (Soid Sloogas mlb & 13,5 (s te il ¥
Lol o SIIY Joda

Ce2se (59 355 Bpae LIS Gl dawlges Jlogn Bpas
S (ialS iz 9 @ Jgmame Sp90 e el
oliixe pluw (Oladele et al., 2019) 455 ooy
Sl 03505 sl Sl e slrge 3,18 &S 2ol )15
Uili—8l C>50 (Manolikaki and Diamadopoulos, 2017)
Laietal., ) od gy 5,5dee 3900 9 (2136 polic B pan LT,
Alietal.,) o5en g e g otal Joe & sly o)y (2017
035355 s 355 5 o (ouS 5 3)lS o 3l oL (20208
YA Giolidl s gy ash oy Slae (sdo)n £F il 8l coge
Oladele ) 159y 9 slrgm plojor Bpao b gy 3 )Soe (ho)
Lo ab o Slas sam)d VY Liuli8l e ob o (et al., 2019
Mahmoud Soltani and ) ,Lseu ;LS o 5 ¥+ 2p,LS
ol odd oy)l3 5 oL S sl zols > (Abbasian, 2021
Slzgn @Sl wyp b (Huang et al., 2019) ) Ken 5 Sloa
2ol o)l &5 ngel plo (25 Jlo 9 (b gy 0,Ses
5 adgd sl ke o Sles slial dgue 4 i )l (251))
by 3ySlas g ologe Gl rizen 9 @ye fo )3 d2ddgs Sl
3,5 Fp
it polie |y g oe (59 B ruannS paie 39008
248 dgioe Jole (St maliy 9 jiwd ()9 Bpasy
byly b cou aily Ay gy (Rehman, 2014) usl g6y 3 Slos
bl 53 595 S50 pis g o) Juwily 2alS” s S,
23 9y @i dr (g eS (pd Chb oSS (lgn
OSNes g &l )3 (g9, cilale il .(Tuyogon et al., 2016)
39 yomie Slal wls laciizes jd 59y 29108 4 Cul
Sl Sl S8 S dle ol o8 (Hussain et al., 2012)
sl ;o (Faroog et al., 2018) 25,5 o Cguoro (jlus! 455
oS Slogas (il caa Sl b 4 g5y 355 3,5 3|
(Kheyri et al., 20192a) cwl 43,5 1,5 a>g5 )90 gy (2S5 9

S Pl Yo U yho Bos 43 Cdll 51 JS SB aliowd 9 (S50 Oluoguas —) Jgua
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Table 2- Characteristics of the biochar used in experiment
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Table 3- Characteristics of zinc oxide nanoparticles used in experiment
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Table 5- Mean comparison of morphological traits, yield components and grain yield of rice under experimental treatments
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0 111.8° 24.3° 8.9¢ 25.3° 3047¢
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50 133.4° 26.2% 15.5° 26.3% 4340°
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Biochar + ZnO-NPs
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Means followed by similar letters in each column are not significantly different at 5% level of probability according to LSD test.
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Figure 1- Mean comparison of interaction between N rate and fertilizers of biochar and ZnO-NPs on number of fertile tillers
hill. (Means followed by similar letters in each column are not significantly different at 5% level of probability according to LSD test).

9y 3S1ol g larom (5 5 38 (g 2,5 4l Jlim (59 deme
FSLe a8 s (p5 VEIF) &ils Jli2 059 oVl g5 & poeie
Jolas il o aily 1jg 2 W3S ol lojen CBras Cuto pib
Bymo pie L sals lly 5 3 s (p5 YOIO) &l 5 (55
b lie (2mls 3 (0 Joia) 03)5 ealie g9y 5 slse sla3sS
Mahmoud Soltani ) -\lwle 5 slalw deamwe cpils i
SLs ay jlage 29381 a5" Wl 455155 (and Abbasian, 2021
2uS150 g Jlrgm 20)8 (o 3,8 (o0 & Sl (g Ll Carga
2 Ty el dg2g by lia g 5lai I 6y dxe ol (55,
0ig = e L dwaliie 13 (gt Sl gl o)l Sl (e
Byane b goym a0l Jlia 59 )b ime iulisl il by Hli
Sheykhzadeh et al.,) -, Sen g 00|57 zuls )5 (g9, JuSlgil
G ol j] ol gl sl 4 4wl 00 )5S (2021
OBaLS g jiwgid g il G )b 5l 69y 2355 Al e
039 RISl g il 4y 0359 dlge yiay JUEI 5 gute Codgiore
(Mahmoud-Soltani et al., 2020) 54450 4l )52
dala o Slac

st as ol lis wib)ly a5 g 5l odel Coansats guls
9> 9w sles Syl 5 (P0.01) (59558 Bpae e o3
laygsh Plite 3l Jg 10,5 jb dxe ails 5 Slee p (P<0.05)
Silee dmlio ol (F Jgio) 15 o ixe 3 Sk il

dudiga ja g3 ddla glass

2 4l oluss a8 ol L Lilejl (claosls uibyly 4550 uls
g oinlesl ela )l 5l Sogn b cou bl Jlai 5l adgs
5 i e ol 3 (F Jsi2) €855 )18 ol o i
e joolie oy oS Al by (Hirzel et al., 2011) Ko
ol y (gbaaild olasy Jas 5l gyld me VAL 59550 395 B uns
90 ol 5l (Sl pliie plo guls s e Cubll 349 adgd 5
il oyl adgd ol gyl g S SB 4 Jlagn (3958] &S
(Cuietal. 2017)
wah )l 059

sladss 5 59y sl lawd oalw il 31 &S oy lis b
9 38 ) ne (P<0.01) s 5 (59 o 2 (595 9 g
lie gl [ Jpi) 6,55 )3 Jele 9> lito 31 15 co
plo3 53 (i 3l &S 3y i (Bpas ey plie 60k
2 b JalS b duglie )3 4l i (159 Sgeke 9o (S pae ol
039 3 5l o)l g SHE (gt il pdlie (e oS >
i 59 Cas oS ol 555 (0 Jgds) s ssalie &by i
ke Gl (15935 395 5l (pastie plie Bpan 4 Cos >
aslllas ol b oS (Pramanik and Bera, 2013) aas o i
a4 Slas b et de o Gaisd )0 b callke yolbs
c2ge g 69y Sl g Jlrgn s3gS Sl S o Spas



YOV . & e 9 005 Sloogad p (595 ©lyd96 5 jlargm b olped o459y yoliie Uyt il o)y K0d g (6,5 Fonls

oS L ajs0 olie yolie onld fs a olend sladeS
Schulz et ) 55,5 o aiby 5)Shae 5 3,Sas glial (]38 Cogo
Ll g 5l ool a5 cul o] 51 S wls,l;s (al., 2013
ol Ce (9 ) (attiie Jlade Byan b olyen zp
(Mavi et al., 2018) sib oo cuvlio jluw Joas (5590 20
Wl (5980 alild

5 9y 9 \zram Syman Lo ol 31 36 Cou 598 Che
s 5 Jsiz) cb,S5 8 Gl Jole Jlite 51 iz on
clale ioldl Cogo 395w 2,8 a8 ol Ll b 1,Sle duslde
G lizes pyolde (dyume a5 (glaisS an o gop Al ) (595
cale yiol8l cuw (S 10 p,5olS VA 5 O FO Jold )50
byly s 0 ashy (y5eps cdale o 3YL as ST b ds o VY-
(Y Jgiz) 2 Jools (i S )3 25 5kS VO 5 0+ Bpuae
OF9Fs 8y i g el B b (S35 bl g 3 (s ol
g ol Jocds (sla o,y (Huang et al., 2019) 5 s S |
3lS 4 ol lis (Moslehi et al., 2016) f,San 5 odlas
Sloails y3 (g ps cale (il g olS A5) dge crge ()79
O3grs 2l Gl oS Wdges (o b Gliime b 29 (o0 g
u_QLv Jnl)_‘ﬂ U)ﬁ)‘“ﬁ" ;.9)_4.&9 )).)La.a u.ul)_‘B] l_: ol).o.tb CJ)J »
asllas ool 5l ol gl L a5 (Sandhu and Mahal , 2014)
00,55 alul aily g0 clale e )3 (gyld dme MBI g4,
CoilB o gy alBlas CBpas &5 Wdly (55155 5 o Kde ple
.))lJJ olzf dl).: ‘) u)ﬁ)u) ke ‘_5)9)‘0 LS"“J"; ).\aL\.C J.nlf ‘_;o.ml)s
(Oladele et al., 2019)

Pl ) (59,45 395 3yl 4 3l (Ui (B pae ()9t
b sals b duglie jd aily 5, Slee (158l 4 e (8 june zalow
FIVY 5 F9F lapnSibe b cuiga aib 5 Sloe oy by 425
PSS VO 900 polie ) gy Bpas b )lSe )3 p el
b oaals Hles 3l yido Joyd YV 9 YA/A 3905 &S sal canday 1S
a8 ol L ol 4o (B8 Jgia) 392 (g ks 38 pie

e yaie ol polie Byas il ailb o Sles (65l W)y
Sy o5 )3 E polie 39208 L 4 3,8kas il Crgo
oSl Gluwlis jl ols zls (Paramasivam et al., 2005)
sl 5,Slee yiSlus oS oy Hlis g9y 9 Hloge (sladgS edl il il
ST 390+ g (S 5 3 L (IS 13 p)SolS ¥ 5Y)
2SS YN 9y gl Gpae b a2 ST S Job> 65,
L8136 ) ealawl o83 413 g olel 09,5 Ky (LS
el wb oSles o b duslis o (g iny Cute SISl g9,
s 3 4S5l 3529 Ly 355 o ino S ol s 5]
g i LS 4 S 3 Sles )3 gme Sl carge (olia
s g coage (g9, ©lydel 4 SB sauS e Mol (! 3458
JoSo Silg oo S yi oyl dad o L &S W )T gy il 0 Slee
L ash o Sas ol 0l gy aild 0)Slos g Cga (oowlio
sy el pSan g9y ST gl g s S 5 208
M joguatdy 3, Sloe glin) 1 (6355 cuS 5 ol Cuto &3]
Al asly 3 (olid polie clale uiaen g 48 )3 o5k 4ty
P @B yolie (oo)is Gllil Bk 1 gy ST ldgil
B 4 3y Slos 39 ege oS 0y Slow ol Jsb
aS oad %55 (Yuvaraj and Subramanian, 2014) sedb e
el g Vb oy a5 3L 5 Cldlo dlaulger (g9 2530
Sl 3 Slas 390 Cales 3 5 0lS i 3)90 (gdaefy) (238 polis
L olye jlag0 5y)LS (Panam et al., 2016) 395 g0 Jgarro

oilel gl loni Cod g 413 43 (59, 9 (g GBI wlly 4rjed - Jgs
Table 6- Analysis of variance for concentrations of N and Zn in grain of rice under experimental treatments

Source of variation AW 3l3l 22 13 3 ojo e cBls S el
d.f N concentration in grain Zn concentration in grain
Replication JIRY 2 0.02 0.18
Nitrogen (N) oy 3 0.68" 14.009"
Main error ol sllas 6 0.009 1.25
Fertilizers (F) la3gS 3 0.003™ 328.99™
NxF Lg% )ja i 9 0.0009" 0.74"™
Sub error 0 sl 24 0.009 4.61
CV (%) Oy o g - 8.9 9.0

59y S35 5 Jlagm 58) o> Sy g iy Jloi o )3 oisine 5 )l im0 iy 5
, “and ™" Not-significant and significant at 5% and 1% probability levels, respectively. (Fertilizers: Biochar and Zinc nanoparticles)
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Table 7- Mean comparison of concentrations of N and Zn in grain of rice under experimental treatments

ilejl s, losi
Experimental treatments

1> 43 g pui Cals
N concentration in grain (%)

Al 43 (gq, il
Zn concentration in grain (mg kg™)

Nitrogen rate (kg ha™®) ;jo s e

0 0.75° 22.4°

25 1.09° 23.6%

50 1.22 24.1%

75 1.30°% 25.0°

(Fertilizer) »s8
aald - 18.9°
Control '

slow . 19.5°
Biochar

&9y STl . 28.0°
ZnO-NPs

S "\“""‘;lyb + )l>9‘} _ 2853

Biochar + ZnO-NPs

Al o I3 gxe BB 2B o> gy Jleis] pdaw ;3 LSD g0l bl p gt 50 ailiie By G JBlas gyl (a1 Sike
Means followed by similar letters in each column are not significantly different at 5% level of probability according to LSD test.

duslio )0 Lo YYIY e as g g0 &b (g9, clale ()3l
s s Lo Lauwss 05 plosl clilllas .5 ali LS |
bl sl Ly gy 4 5, clile o ins 35t | (S
(Kheyri adb g olS 2y alises Jolpo )3 (59, 48T ly3530
.and Abbasalipour, 2021; Sheykhzadeh et al., 2021)
I () cale )3 6 ne 3 (2 4 slagm 30 42 5]
(95 B dg00 cos (59) Sl & ol 9331 g 2,55 ol
Gl e (5 oS ol S Sl lagm 5 &

(Wuetal., 2018) 53,5 o (59, j0

(8 5 4o

Jade Byino aS o s gy ol jl ol lss

e 3lg5 e (JLIS 13 )T 5hS B+ ) ()39 5t 395l patdie
F3Y &l .))Slo& uu;l).‘ﬂ co>g0 ild 9 c_s"l"\:’ )AoL.C clale doue
oEalS cezge (379, 355 b polie Bras (opizen 23,5
Sl e 395 395 o315l Gl 3,8 Bk 5l g 3)Shes
byae Sl sladyin Joood a4 poxie @y 3 )Slas e
755l 69y dnST SI3L 2 )8 4251535 (00 5,5l 2 298
Sroplaen Grae yo (3930 B (S 5 (o8 e Clio
3 Sloe pSlas g aily o Slie obe clale YL Jg cuil
dob e 9 55y ST S (S 5 308 kil
Byne (ol allbae jl ool Comwdd s 4 an g b .d,5
3L (S 5 38 9 JUSe )3 p)SokS B (e 4 955

dila 59, olale
(P<0.05) 59,15 5,0)l8" polde ool clyil &8 sl L gols
b 3 sy cbale 1 55y 9 )lagm Spae e Lol Il
Jlize g1 cow als gy clale Jy 15 I3 ine (P<0.01) 50
lin | ol o5 (5 Jpin) 2p3,S5 s sine 55515 50
cdale wSlas aS ol (Lis o595 Bpas jlide o 1SSke
V0 Gyao Lyp)Soks o p)S (o VO (5SSke L s 1 (69,
Be V0 yolde L S1acd Jols gyt iSe )3 p)56lS
g @l Gl (gl stme (g lel BB (59,5 LS 5 pSolS
o pd VoY i dild g9y clale ()5 B pas pas bylyd )
2 Ojsr Sute SIS doms al (Y Jgia) <8l rals
Jietal,) ohles 5 (> Ailoo @p & )3 55y Comdg S
3 39255 o e oy S 39y oS a5zl oy (2021
2l Cowl o035 &y 53 9y @39 Mre LRl s 59,
slaashs ) ) @l g fexis 2l Cute Il 5 Gl
sliwly 3 a5 (Shahane et al., 2018) 13505 5,135 1y &y
OsSle dunlie @l olol Bl oo gy ol jl Jol> @l
2B 4 9 28T Sd9L 20 595 9 slegn Bpae Sl
S S5 208 i 5 (93 £ A 5 15 e TA)
Ol WP s (S9) PSS 2 p)5 e YD) slas 9 59
aS oly )55 e (Y Jgdn) Bl aly jd (g9, clale jlide
d9-b oS by Lol jigp ol cage gl oS s
Kheyri et al., ) o,LSen ¢ 5,5 (Kheyri et al., 2018)
el s 2] Sydglls (il Jy loxe 45 il (20192



YO iy S 9 (05 Sloogas p 53y 139l 5 jlagm b ol job (g i polin B pan Jl ()50 g (555 e

Ll a3 ld 7 9 05955 295 A HMde (lgicds 8y gy Hlrgw 9 59y L]
A ilo e g Jpazme 38es dgut0 Sz (395 Cgllas 45

References

1. Alharby, H. F., Metwali, E. M. R., Fuller, M. P., and Aldhebiani, A. Y. 2016. Impact of application of zinc oxide
nanoparticles on callus induction, plant regeneration, element content and antioxidant enzyme activity in tomato
(Solanumlycopersicum L.) under salt stress. Archives of Biological Sciences 68 (4): 723-735.
https://doi.org/10.2298/ABS151105017A

2. Ali, I, Ullah, S., He, L., Zhao, Q., Igbal, A., Wei, S., Shah, T., Ali, N., Bo, Y., Adnan, M., Amanullah, and Jiang,
L. 2020. Combined application of biochar and nitrogen fertilizer improves rice yield, microbial activity and N-
metabolism in a pot experiment. PeerJ. https://doi.org/10.7717/peerj.10311

3. Ajayi, A. E.,, and Horn, R. 2016. Modification of chemical and hydrophysical properties of two texturally
differentiated soils due to varying magnitudes of added biochar. Soil Tillage Research 164: 34-44.
https://doi.org/10.1016/j.still.2016.01.011

4. Bougbis, L., Daoud, S., Koyro, H. W., Kammann, C. I., and Ainlhout, L. F. Z. 2016. Biochar from argan shells:
production and characterization. International Journal of Recycling Organic Waste in Agriculture 5 (4): 361-365.
https://doi.org/10.1007/s40093-016-0146-2

5. Cui, Y. F.,, Meng, J., Wang, Q. X., Zhang, W. M., Cheng, X. Y., and Chen, W. F. 2017. Effect of straw and
biochar addition on soil nitrogen, carbon, and super rice yield in cold waterlogged paddy soils of north China.
Journal of Integrative Agriculture 16 (5): 1064-1074. https://doi.org/10.1016/S2095-3119(16)61578-2

6. Dimkpa, C. O., White, J. C., Elmer, W. H., and Ardea-Torresdey, J. 2017. Nanoparticle and ionic Zn promote
nutrient loading of sorghum grain under low NPK fertilization. Journal of Agricultural and Food Chemistry 65
(39): 8552-8559. https://doi.org/10.1021/acs.jafc.7b02961

7. Emami, A. 1996. Methods of plant analysis. Vol 982. Soil and Water Research Institute. 130 p. (in Persian).

8. Fageria, N. K., and Santos, A. B. 2008. Yield physiology of dry Bean. Journal of Plant Nutrition 31 (6): 983-1004.
https://doi.org/10.1080/01904160802096815

9. Fageria, N. K., Gheyi, H. R., and Carvalho, C. S. 2014. Yield, potassium uptake, and use efficiency in upland rice
genotypes. Il INOVAGRI International Meeting, 13-16 April, Fortaleza, Brazil. pp 4515-4520.

10. Faraji, F., Esfehani, M., Kavoosi, M., Nahvi, M., and Rabiyi, B. 2012. Effects of split application and levels of
nitrogen fertilizer on growth indices and grain yield of rice (Oryza sativa Cv. Khazar). Iranian Journal of Field
Crop Science 43 (2): 323-333. (in Persian with English abstract). https://doi.org/10.22059/ijfcs.2012.28492

11. Farooq, M., Ullah, A., Rehman, A., Nawaz, A., Nadeem, A., Wakeel, A., Nadeem, F., and Siddique, K. H. M.
2018. Application of zinc improves the productivity and biofortification of fine grain aromatic rice grown in dry
seeded and puddle transplanted production systems. Field Crops Research 216: 53-62.
https://doi.org/10.1016/j.fcr.2017.11.004

12. Hirzel, J., Pedreros, A., and Cordero, K. 2011. Effect of nitrogen rates and split nitrogen fertilization on grain yield
and its components in flooded rice. Chilean Journal of Agricultural Research 71 (3): 437-444.
https://doi.org/10.4067/S0718-58392011000300015

13. Huang, M., Long, F. A. N., Jiang, L. G,, Yang, S. Y., Zou, Y. B., and Uphoff, N. 2019. Continuous applications of
biochar to rice: Effects on grain yield and yield attributes. Journal of Integrative Agriculture 18 (3): 563-570.
https://doi.org/10.1016/S2095-3119(18)61993-8

14. Hussain, S., Magsood, M. A, Rengel, Z., and Aziz, T. 2012. Biofortification and estimated human bioavailability
of zinc in wheat grains as influenced by methods of zinc application. Plant and Soil 361 (1-2): 279-290.
https://doi.org/10.1007/s11104-012-1217-4

15. Islam, S. M. M., Gaihre, Y. K., Shah, A. L., Singh, U., Sarkar, M. I. U., Satter, J., Sanabria, M. A., and Biswas, J.
C. 2016. Rice yields and nitrogen use efficiency with different fertilizers and water management under intensive
lowland rice cropping systems in Bangladesh. Nutrient Cycling in Agroecosystems 106: 143-156.
https://doi.org/10.1007/s10705-016-9795-9

16. Jafari.Kelarijani, S. M., Barari Tari, D., Niknejad, Y., Fallah, H., and Amiri, E. 2021. Nitrogen affects on rice
growth and nitrogen efficiency indices in different geographical regions in northern Iran. Romanian Agricultural
Research 38: 79-92.

17. Ji, C., Li, J,, Jiang, C., Zhang, L., Shi, L., Xu, F., and Cai, H. 2021. Zinc and nitrogen synergistic act on root-to-
shoot translocation and preferential distribution in rice. Journal of Advanced Research. (In Press).
https://doi.org/10.1016/j.jare.2021.04.005

18. Kamara, A., Kamara, H. S., and Kamara, M. S. 2015. Effect of rice straw biochar on soil quality and the early
growth and biomass yield of two rice \varieties. Agricultural Sciences 6 (08): 798.
https://doi.org/10.4236/as.2015.68077


https://doi.org/10.2298/ABS151105017A
https://doi.org/10.7717/peerj.10311
https://doi.org/10.1016/j.still.2016.01.011
https://doi.org/10.1007/s40093-016-0146-2
https://doi.org/10.1016/S2095-3119(16)61578-2
https://doi.org/10.1021/acs.jafc.7b02961
https://doi.org/10.1080/01904160802096815
https://doi.org/10.22059/ijfcs.2012.28492
https://doi.org/10.1016/j.fcr.2017.11.004
https://doi.org/10.4067/S0718-58392011000300015
https://doi.org/10.1016/S2095-3119(18)61993-8
https://doi.org/10.1007/s11104-012-1217-4
https://doi.org/10.1007/s10705-016-9795-9
https://doi.org/10.1016/j.jare.2021.04.005
https://doi.org/10.4236/as.2015.68077

YEo) 5l F oylowd F e o ol ] oly5 Sluidg sy dg i A\

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Kavoosi, M., and Yazdani, M. R. 2020. Effect of irrigation interval and nitrogen fertilizer rate on grain yield and
yield components of rice (Oryza sativa L.) cv. Hashemi. Iranian Journal of Crop Sciences 22 (2): 168-182. (in
Persian with English abstract). https://doi.org/10.29252/abj.22.2.168

Kheyri, N., and Mobasser, H. R. 2016. Effect of seedling age and seeding rate in nursery on some agronomic traits
and seed vield of rice (Oryza sativa L.) cv. Tarom Hashemi. Journal of Crop Ecophysiology 10 (2): 431-446. (in
Persian with English abstract).

Kheyri, N., Ajam-Norouzi, H., Mobasser, H. R., and Torabi, B. 2018. Effect of different resources and methods of
silicon and zinc application on agronomic traits, nutrient uptake and grain yield of rice (Oryza sativa L.). Applied
Ecology and Environmental Research 16: 5781-5798. https://doi.org/10.15666/aeer/1605 57815798

Kheyri, N., Ajam-Norouzi, H., Mobasser, H. R., and Torabi, B. 2019a. Effects of silicon and zinc nanoparticles on
growth, vyield, and biochemical characteristics of rice. Agronomy Journal 111 (6): 3084-3090.
https://doi.org/10.2134/agronj2019.04.0304

Kheyri, N., Ajam Norouzi, H., Mobasser, H. R., and Torabi, B. 2019b. Comparison of NPs foliar application of
silicon and zink with soil application on agronomic and physiological traits of rice (Oryza sativa L.). Iranian
Journal of Field Crops Research 17 (3): 503-515. (in Persian with English abstract).
https://doi.org/10.22067/gsc.v17i3.80028

Kheyri, N., and Abbasalipour, M. 2021. Effect of foliar application of ZnO nanoparticles on yield components,
yield and Zn efficiency indices in rice under water stress. Environmental Stresses in Crop Sciences 13 (4): 1203-
1218. (in Persian with English abstract). https://doi.org/10.22077/escs.2020.2298.1591

Koyama, S., Katagiri, T., Minamikawa, K., Kato, M., and Hayashi, H. 2016. Effects of rice husk charcoal
application on rice yield, methane emission, and soil carbon sequestration in andosol paddy soil. Japan
Agricultural Research Quarterly 50: 319-327. https://doi.org/10.6090/jarg.50.319

Lai, L., Ismail, M. R., Muharam, F. M., Yusof, M. M., Ismail, R., and Jaafar, N. M. 2017. Effect of rice straw
biochar and nitrogen fertilizer on rice growth and vyield. Asian Journal of Crop Science 9 (4): 159-166.
https://doi.org/10.3923/ajcs.2017.159.166

Liu, J., Schulz, H., Brandl, S., Miehtke, H., Huwe, B., and Glaser, B. 2012. Shortterm effect of biochar and
compost on soil fertility and water status of a Dystric Cambisol in NE Germany under field conditions. Journal of
Plant Nutrition and Soil Science 175 (5): 698-707. https://doi.org/10.1002/jpIn.201100172

Mahmoud-Soltani, S., Allahgholipoor, M., Shakouri Katigari, M., and Poursafar-Tabalvandani, A. 2020. Effect of
basal and foliar application of zinc sulphate fertilizer on zinc uptake, yield and yield components of rice (Hashemi
Cultivar). lranian Journal of Soil and Water Research 51: 1013-1026. (in Persian with English abstract).
https://doi.org/10.22059/ijswr.2020.291977.668383

Mahmoud Soltani, S., and Abbasian, A. 2021. Simultaneous application effect of rice husk biochar and zinc
sulfate fertilizer on yield, yield components of rice (Oryza sativa L.) Hashemi cultivar and some soil chemical
properties. Iranian Journal of Soil and Water Research 52 (3): 707-719. (in Persian with English abstract).
https://doi.org/10.22059/ijswr.2021.315776.668843

Manolikaki, 1., and Diamadopoulos, E. 2017. Ryegrass yield and nutrient status after biochar application in two
Mediterranean  soils.  Archives of  Agronomy and Soil  Science 63 (8): 1093-1107.
https://doi.org/10.1080/03650340.2016.1267341

Mavi, M. S., Singh, G., Singh, B. P., Sekhon, B. S., Choudhary, O. P., Sagi, S., and Berry, R. 2018. Interactive
effects of rice-residue biochar and N-fertilizer on soil functions and crop biomass in contrasting soils. Journal of
Soil Science and Plant Nutrition 18 (1): 41-59. https://doi.org/10.4067/S0718-95162018005000201

Mazaherinia, S., Astaraei, A. R., Fotovat, A., and Monshi, A. 2010. Effect of nano iron oxide particles on Fe, Mn,
Zn and Cu concentrations in wheat plant. Journal of World Applied Sciences 7 (1): 156-162.

Moslehi, N., Niknejad, Y., Fallah Amoli, H., and Kheyri, N. 2016. Effect of integrated application of chemical,
organic and biological fertilizers on some of the morphophysiological traits of rice (Oryza sativa L.) Tarom
Hashemi cultivar. Crop Physiology Journal 8 (30): 87-103. (in Persian).

Nematzadeh, G. A., Khush, G. S., and Brar, B. S. 1993. Classification of rice germplasm from Iran via isozyme
analysis. Rice Genetic Newsletter 1: 1-10.

Oladele, S., Adeyemo, A., Awodun, M., Ajayi, A., and Fasina, A. 2019. Effects of biochar and nitrogen fertilizer
on soil physicochemical properties, nitrogen use efficiency and upland rice (Oryza sativa) yield grown on an
Alfisol in Southwestern Nigeria. International Journal of Recycling of Organic Waste in Agriculture 8: 295-308.
https://doi.org/10.1007/s40093-019-0251-0

Pampolino, M. F., Manguiat, I. J., Ramanathan, S., Gines, H. C., Tan, P. S., Chi, T. T. N., Rajendran, R., and
Buresh, R. J. 2007. Environmental impact and economic benefits of site-specific nutrient management (SSNM) in
irrigated rice systems. Agricultural Systems 93 (1-3): 1-24. https://doi.org/10.1016/j.agsy.2006.04.002

Panam, Z., Astaraei, A., and Lakzian, A. 2016. Effect of zinc oxide (nano and ordinary) and Glomus intraradices
fungi on yield components and concentration of micronutrients in green bean plant. Journal of Soil and Plant
Interactions 7 (2): 71-83. (in Persian with English abstract).


https://doi.org/10.29252/abj.22.2.168
https://doi.org/10.15666/aeer/1605_57815798
https://doi.org/10.2134/agronj2019.04.0304
https://doi.org/10.22067/gsc.v17i3.80028
https://doi.org/10.22077/escs.2020.2298.1591
https://doi.org/10.6090/jarq.50.319
https://doi.org/10.3923/ajcs.2017.159.166
https://doi.org/10.1002/jpln.201100172
https://doi.org/10.22059/ijswr.2020.291977.668383
https://doi.org/10.22059/ijswr.2021.315776.668843
https://doi.org/10.1080/03650340.2016.1267341
https://doi.org/10.4067/S0718-95162018005000201
https://doi.org/10.1007/s40093-019-0251-0
https://doi.org/10.1016/j.agsy.2006.04.002

A4l

T S 9 (o Cluogas w9y ©lydeil g slraw bol b (g xind yolie B pan Pyl Hon g (g i Fls

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

Paramasivam, K., Saraswathi, R., Subramanian, M., Marimuthu, R., Parthasarathy, P., Ramanathan, S., Manuel, S.
W., and Ranganathan, T. B. 2005. A high yielding medium duration rice variety for Tamil Nadu. Mad Agriculture
Journal 92: 1-3.

Pramanik, K., and Bera, A. K. 2013. Effect of seedling age and nitrogen fertilizer on growth, chlorophyll content,
yield and economics of hybrid rice (Oryza sativa L.). Journal of Agronomy and Plant Production 4 (S): 3489-
3499.

Rehman, H. U. 2014. N-Zn dynamics under different rice production systems (Doctoral dissertation. University of
Agriculture. Faisalabad).

Sandhu, S. S., and Mahal, S. S. 2014. Performance of rice under different planting methods, nitrogen levels and
irrigation schedules. Indian Journal of Agronomy 59 (3): 392-397.

Schulz, H., Dunst, G., and Glaser, B. 2013. Positive effects of composted biochar on plant growth and soil fertility.
Agronomy for sustainable development 33 (4): 817-827. https://doi.org/10.1007/s13593-013-0150-0

Shahane, A. A., Shivay, Y. S., Kumar, D., and Prasanna, R. 2018. Interaction effect of nitrogen, phosphorus, and
zinc fertilization on growth, yield, and nutrient contents of aromatic rice varieties. Journal of Plant Nutrition 41:
2344-2355. https://doi.org/10.1080/01904167.2018.1510507

Sheykhzadeh, M., Mobasser, H., Rahimi Petrodi, E., and Rezvani, M. 2021. Effects of foliar application of
potassium silicate and nanoparticles (silicon + zinc) in different stages of growth and development on quantitative
yield and grain enrichment of rice (Oryza sativa L.). Iranian Journal of Field Crops Research 19 (1): 73-89. (in
Persian with English abstract). https://doi.org/10.22067/jcesc.2021.37184.0

Tayefe, M., Gerayzade, A., Amiri, E., and Nasrollah Zade, A. 2014. Effect of nitrogen on rice yield, yield
components and quality parameters. African Journal of Biotechnology 13 (1): 91-105.
https://doi.org/10.5897/AJB11.2298

Tuyogon, D. S. J.,, Impa, S. M., Castillo, O. B., Larazo, W., and Johnson-Beebout, S. E. 2016. Enriching rice grain
zinc through zinc fertilization and water management. Soil Science Society of America Journal 80 (1): 121-134.
https://doi.org/10.2136/ss52j2015.07.0262

Wu, P., Cui, P. X,, Fang, G. D., Wang, Y., Wang, S. Q., Zhou, D. M., Zhang, W., and Wang, Y. J. 2018. Biochar
decreased the bioavailability of Zn to rice and wheat grains: insights from microscopic to macroscopic scales.
Science of the Total Environment 621: 160-167. https://doi.org/10.1016/j.scitotenv.2017.11.236

Xu, H., Zhong, G., Lin, J., Ding, Y., Li, G., Wang, S., Liu, Z.,, Tang, S., and Ding, C. 2015. Effect of nitrogen
management during the panicle stage in rice on the nitrogen utilization of rice and succeeding wheat crops.
European Journal of Agronomy 70: 41-47. https://doi.org/10.1016/j.eja.2015.06.008

Yuvaraj, M., and Subramanian, K. S. 2014. Fabrication of zinc nano fertilizer on growth parameter of rice. Trends
in Biosciences 7 (17): 2564-2565.


https://doi.org/10.1007/s13593-013-0150-0
https://doi.org/10.1080/01904167.2018.1510507
https://doi.org/10.22067/jcesc.2021.37184.0
https://doi.org/10.5897/AJB11.2298
https://doi.org/10.2136/sssaj2015.07.0262
https://doi.org/10.1016/j.scitotenv.2017.11.236
https://doi.org/10.1016/j.eja.2015.06.008

