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YYIEE 9 YYIEY YFOF wldl clpa
5 dzy olaws (A Jgaz) wisly lid gawsyo
SIS re D ygody i aziy (§)9)k do)d 5 Ly
A Jsoz) 3,5 15 oS rae ,8b cou
Cote il Sl ond ol Slao (Sils avylis
5 i S, p ead Bpas slesyS
olawi Wiy Cwl gy ;0 Adgs oyl dsel o
3 NPK 5555 5,15 5 Lo iy 5o 4y
NPK ol 5 @l ol 95 (izeesn
plod 5o axiy (5,0l weyd Jy dg o e
GlBl s 38 gl 095 lajlers
asdlas ol iy cpl jo ol Hlas gyl s
Siulesl o o)l calhe mp g9, @, 2014
3 (Singh and Jain, 2000) > ¢ Ko
30 5955 g VL oty ol o 5V
4 085 eely g e (OJorts sl eslanl
g Se 0 8 FlS A g Ve (Yoo S
Koutroubas ) gl 9 wbg5leS .owl cansas
slass pgw slasillae b (@and Ntanos, 2003
Ly ale o, Sles &l s j0 mhaw axly (o dliss
OHen g o2 a0 ,S el wo s B0l ey
Al )d g Adg> 55,k oS A5 Waged 5,1
Iy o8 )line cp s e g jo dlgs olaws
oaus ol Slaw polie (pis o)l o Slee jo
395) NPK' LolS™ 045 0 0,57 (6055 (sl Lo o
Olojer 0,5 5 (NanO-NPK 3 NPK |,
Bass (g 955 o3ists 5 BOsS il By
el g olS rsid Ol SRl Gk
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1585 Sl ol b eas oanline qulie gl
@l 9 $b oS plojen 0I5 (60905 o3
5Skae VL (Nano-NPK+NPK) NPK
@ S 5 b plaidl st a ) Sels
5 VWOF L cwja) NPK 5 Nano-NPK
Sl 45 Citls (gl sine glis (dusyo YYIAY
Pl & S e39md o8 FYL SN0
39t 03y FYL 6805 Wil (e
Jyazey Jdoa YL oy Sy il
Amini Dehaghi et ) sgi oo 25U 03, (pl o9
23 Loy 5 (w3090 03, 93 0 5o (@l., 2018
S Al oSl l eslanal o955 sl 251
|, Ssils o,Slas 5 4idls mly 055 4 Cos
S8 o Sll cpl aS g ebas wls olisl
5 098 )l cxe zuly NPK & i Nano-NPK
5 YYIOF codyas (69908 5 (e p)llo o8, 50
olis il zmly NPK 4y o aops VoY
ooy 5l ooby A ab e o5 ek plen ol
3 oM Sl b oebol ama o ol
Oy S 9 9sdes T olS s I S
Sty canl ol 5li 0,90 a5 w5l el
Jb> (Alesaadi et al., 2017) 5,5 i 1,8 o
Byl |y e 0l g0l 4> b laagSsil as
S8 el LSt pe YL Glealy Loy s
A a hhie axs onl nlple S o
S pekime glagilejl @l b g vy
o Tavan et al., 2014) o) San 5 ols ez
5 x5 puiS LS ) el 3555 0 8
55,045 o (Alesaadi et al., 2017) o San
Sl cisllas
Sl atld g Sujslan o Sles s

polfe oy yidos g 009 S gild 0, Sles wlice 30
JolS 055 0, LS sla,led jo ouls oL Glaw

S 5L AVY 5 VD ety iales] e
2 035 950 0 bl ol @l (A Jsa)
885 (ool @S b 635,08 5 ol o3, 90 il
(Amini Dehaghi et al., 2018) .l,Ke
2 G5 055 Stalesl 5o s Ll ol il
G390y 4 Sad |y p)lb o3, SYL &l
idged B)15F

)L%J 9 rvé) J’L"-“’ )3" u—*—i'Lm Ao
Sold oSles n BRSP4 oS
9 2 50 638 slales ogne Sl S
(Vo J9az) o9 (639, 5 (e pyllo) o3,
S8bes (i o o)l o8, 53 S 6 0ba
Nano-NPK s, jLs o s ja Sl
£/01) Nano-NPK+NPK (S ;5 o5 O/+%)
GBS o o FAY) NPK 5 (LS o o
BAY o vols las & o a5 aal Canoas
o sobel Sl sl asals roliEl aws s VYY
Nano-NPK+NPK L Nano-NPK (5345 Lo
Nano- ;leg Jg cudlai 0s2g (5,0 sxe Dglis
g alils gl gxe BUSINPK o s NPK
5 ogS b ols las zoli8l o, YY sgus>
oleaily colbeds Jolaie sloosS L awslis
Coblae &jpods ailyi e g W)l VL B ras
3> 2l yolie i) 4l 5l wlio aats o
2 Glsgre S Jee cpl a5 oS ol
Sflas azpy 5 QLS ol Cleogas
Mazaherinia et al., ) oS oo obol Jeaxs
(2011

(N 5 Nano-N) (39,55 6355 slaylecs
S 08 bee (6355 slajlod plo 4 S 55
Gt 4 e N g Nano-N 5,157 jo g ails
G, AV e g VAIYY ol s say aall

3 809 pdy Syze o il Jlis 4 )
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Gosbas wlo yulidl ) Saals o Slae g asils
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5 e polb 03, 53 9 005 o gae ) NPK
Sy X2y Vo VY o YY/OF ol Say (609,
ot sloogS 0,5 a5 ‘_;,.L?QT 3ecplpls
olS o cwlie o Slae 0,5l Cawsas slp
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NPK 50,8 (oo o)l 03, )0 450 j5boasy
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ol 5 Sohdem 0, Slee o 1y as,0 A
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5 =k o —aaS laay ol sl eolai il
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De Rosa et ) ol salgs Joame 5,Shas Lilais
Sl s s slaialesl yo @, 2010
9l B8 ae Hil ol LS o Slee o Jxe
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Table 1- Different levels of fertilizer treatment used in the experiment
oot & bass] cwdle
o o 31y . . . . .
actl?\j;in r:dli";t oolisw! 3 )90 guio B pan ylaio 8995 Hlowi £ J;
cont%nt Used source Dosage Fertilizer treatment Treatment
abbreviation
B B B (955 B pan cygy) Wl RV-{M)
Control (without fertilizer) Control
039550 oy FF 371 JLSe 50 0 ,Felas V- &l Oigss 995 N
46% N Urea 150 kg/ha Common nitrogen
P05 oy F5 Jﬁ‘-f"_r"r‘iL;‘:"*’“’ HESa 53 p,54lS VO &) yhund 595 P
46% P,0s Superphosphate 75 kg/ha Common phosphorus
K20 woyo b ely Olilgu IS 50 0,5 gks A @) by 095 K
50% K0 Potassium sulfate 90 kg/ha Common potassium
e sl pas aiMS 045 il ) . 1
g oMW Vv | ke g Y
179% chel ated:iot)r:)gm KhazraChdated 777 sg;I I\T;;';u:ig’;n Nano-K
Nano Fertilizer
Sod O o0 VY sl pas S 845 il 1 1o a0 il - it
17% chelated KhazraChelated 7% ’gjl'“ Neroy h‘;” - Nano-P
phosphorus Nano Fertilizer pnosp
by OMS oo YV sl pas M 045 il I .ol ™ i
17% chelated KhezraChelated ~ *7" %, ’gjl Ny *'O:f;j - Nano-N
potassium Nano Fertilizer p
iy g phad 1359y SOSS
&b NPK
Common nitrogen, phosphorus
and potassum
iy 9 piud (359 i (SoOgS 9L
Nano-nitrogen, phosphorus and Nano-NPK
potassium
9 Y (39 s SS9 S
@l 9 #U el NPK+ Nano-NPK

Common and nano-nitrogen,
phosphorus and potassium

* acombination of the mentioned fertilizers was used.

sl 48,5 115 oolizl 550 00 oyl (lndsS 5l oS 5

S bt 5 (Kb S SRy -V Jou
Table 2- Physicochemical characteristics of soil

N - ARVRTTITe VTS
S bl Hons sl Sl S osee T J; JEIN e JeK iy
Soil texture oc g EC Total N
(%) pH (dsm?) (%) (mokg™)
oy 131 8.05 2.97 0.23 19.9 225
Sandy loam

(31950 055 5 (o b et ol (Sloj 03b) iy sy 0599 Jobo ,o (omlitlen Lol =¥ Jgur
Table 3- Meteorologica datafor long growth period of rice (from April 20 to August 22)

e e SSkers slskge R 00 O
Y ear humidity (%) Rainfall (mm) Sunny hours 0°C)
2016 79/0 92,5 1025.6 24.7
2017 76/0 16.7 1118.0 24.8
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Table 4- Analysis of variance (mean squares) for effects of experimenta treatments on
morphol ogical traits of rice

s _ $5luo Sy oloss
o oy Jsb 2 Jeb Sy T J‘sb » Jsb
o N . J J L. > 3 5 s & ) S )
ol e B T I Y d(ﬁ.l::nosi P
SOV. height Panicle 4 Fagleast P Extrusion
df elg lenath leaf aea internode number length
9 length length per plant
JwYear 1 320.13™ 343.41™ 126.08™ 1226.75 1086.01" 717.36™ 16.13™
BTJLT(Ej’Q ) 4 90.66 195.58 142.67 58.34 120.57 658.78 9.82
0ocCl ear
o3, Cultivar 1 42714.13™  27.08™ 2.41™ 72.54™ 16450.21™  2847.98™ 235.2™
p.‘é) XJL“ ns ns ns ns ns ns ns
Y earCultivar 1 307.2 291.41 10.21 109.44 913.01 298.9. 145.2
X
(JL)Ssh x o3,
Cultivar<Block(Y ear) 4 243.64 44.37 22.58 163.69 173.33 291.83 54.85
X
o5 Fertilizer 9 1334.19" 3142° 6175 17663 389.75° 392.34° 4.64™
395 % ) " ns . " . s ns
Cultivars Fertilizer 9 165.45 18.56 60.93 143.99 232.1 91.84 4.83
X
395 x Jlw
Y ears Fertilizer 9 10.60™ 7.30™ 12.96™ 51.06™ 58.08™ 50.3™ 1.84™
X
3¢5 X pdyx Jlw
Year Csifjlti\tsa)r Izjertilizer 12.26™ 8.08™ 9.36™ 43.14™ 51.86™ 80.62™ 3.24™
X X
s Error 72 9.43 7.42 18 719 60.06 95.62 531
Ol s g 5 C.V. (%) 272 109 14.9 28.7 16.2 20.1 259

#% % NS

Qo )3 S g gty Jliol mhaw (o ls pae g s S e ol Sy
ns, * and **, represent non-significant and significant at 5% and 1% probability levels, respectively.

Wgr 0 S polas (5055 e B0 Jga
Table 5- Effect of fertilizer treatment on leaf number per plant

Sg5 abgs> Job &g )0 Sy olasy
Fertilizer Paniclelength (cm) Leaf number per plant
C;::'d 22,58 37.93

N 24.83 50.77
Nano-N 24.67 49.23

P 23.67 45.35
Nano-P 25.36 43.15

K 23.08 47.60
Nano-K 24.08 47.00

NPK 27.00 50.97
Nano-NPK 25.92 57.48
NPK-+Nano-NPK 27.42 55.47

LSD 2.216 7.958
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Table 6- Interaction effect of cultivar and fertilizer treatment on plant height, panicle
length, flag leaf length and uppermost internode length of rice

ag gl ’ _ kel 0,k Jgb
Sl Plant heidht w2 Spdsb 2 S e e Uppermost
Treatment 9 Flag leaf (cm) Flag leaf area (cm?) internode length
(cm) (cm)
W
Fertilizer e el gogmd  (Axopl (609 ::m GO Glmepylb (539 p
Tarom  Shiroudi Tarom  Shiroudi Shiroudi Tarom  Shiroudi
Tarom
sals 1185 7.7 26.50 24.67 25.17 24.75 56.17 28.00
Control
N 132.7 97.0 27.50 26.00 22.73 30.27 57.67 38.67
Nano-N 133.8 98.5 31.67 28.67 31.60 30.40 61.83 43.50
P 129.0 90.7 25.33 25.83 25.42 31.23 54.67 37.17
Nano-P 123.3 93.8 29.50 30.67 35.15 32.48 54.50 30.33
K 1153 825 29.50 25.33 29.62 26.03 49.17 33.33
Nano-K 120.8 86.2 24.00 31.33 21.30 30.98 51.67 34.33
NPK 152.7 101.2 29.17 36.17 29.23 40.47 79.67 34.00
Nano-NPK 147.7 98.8 33.17 26.50 40.43 29.30 63.33 40.33
NPK-+Nano-NPK 140.2 110.3 29.17 27.50 26.33 26.62 66.67 41.50
LSD 4.139 2.952 5.674 4.144 11.448 8.129 10.887 6.793

@ Sk @lizl g 0 Shos y talejl slajlass Fl (Sla o (2Sile) S 0 (il lg 2325 =Y Jogu
Table 7- Analysis of variance (mean squares) for effects of experimenta treatments on
yield and yield components of rice

Sloxs

s sl s e
gy 2 Azades » ‘:: S oy ”: > ':” 290k w20
o of Spicklet  nymber per fg{ﬁli? number f;'tlilﬁtr
pgruﬁgnagieéle panicle Y perplant ’
Jl  Year 1 35.208 511.71™ 1881  11564™ 11445
(JL)Ssh  Block(Year) 4 1583 1282.06 4.327 50.731 11.384
o3,  Cultivar 1 33.075™ 57421.88" 26.971 572.907 248.487™
o5yxJw  Year*Cultivar 1 31008 6.08™ 0022  0.147™ 7.144™
1) Sabx
cul Ejvar BI;’:: ;('j;ar) 4 17.167 1591.45 10.636 10.804 16.202
X
sos  Fertilizer 9 5.968™ 988.07° 4.366™ 46,580 33526
555 x o3, Cultivarx Fertilizer 9 3.760" 136.50™ 6749  6.396™ 1.912"
35 x Jo  Yearx Fertilizer 9 3.634™ 164.33" 8.263™ 4390 4177
-
Vear ééi Ixtifa’rxlfertmzer 9 3.397™ 70.49"s 3268  4073° 2.936™
X X
Ws  Error 72 3.273 190.17 6.45 9.752 3.744
s o pi CV. (%) 20.77 133 261 19.1 135

Boyd S g iy Jio mhaw 5o o s g o pire pd oS i M P =S
ns, * and **, represent non-significant and significant at 5% and 1% probability levels, respectively.
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Table 7- Continued
. el o S Sedlgmroslos L sls
SO.V. gl 1000-grain Syld Biological et index
df weight Paddy yield yield
Jlw Year 1 110.289"™ 1.68™ 6.912™ 0.085™
(o) ol Block(Y ear) 4 32.868 11.193 15.228 301.801
o8, Cultivar 1 393.936™ 238.008" 608.4° 1795.68"
o8y xJlo Y earxCultivar 1 46.349* 0.591™ 2.296™ 0.28™
Cul(t‘ij\t‘;;x;’; . (’f;ar) 4 2.985 2612 2113 124,904
55 Fertilizer 9 3.203™ 11.662" 16.541" 231.774”
sgSx o8,  Cultivarx Fertilizer 9 3.076™ 1.085" 1.967 25.609°
o8 x Juw  Yearx Fertilizer 9 4.686™ 0.249™ 1.132" 9.618™
Year:(.,;jjlxti\ﬂ/sa)r: Ej;u fiver 9 5.196™ 0.083™ 0.417™ 4.879"
s Error 72 6.985 0.355 0.941 9.077
s g 5 CV. (%) 9.92 11.9 8.75 6.88
P

Aoy Sy g gy Jleil e (o jls e g o giee pd S Sy i g
ns, * and **, represent non-significant and significant at 5% and 1% probability levels, respectively.

r ¢ Shes Slio 6395 Jle 5 08, 5l (Sl Al

A Jou=

Table 8- Effect of cultivar and fertilizer treatment on yield treats of rice

Adgs yo aild sluxy

gy y0 Ay Olows

slowd . CHEPEST IRV TS ) Ay (559,b wuoyo
Treatment Gra ”pg‘r‘“rgtf P Granfertility (%) 1€ gfamnfer PE Tiller fertility (%)
o5, Cultivar
e oo Tarom 81.32 96.68 14.15 12.84
@o9eis  Shiroud 125.07 97.63 18,52 15.71
LSD 5,019 0.925 1137 3.704
3¢5 Fertilizer
wls  Control 86.39 96.48 12,53 11.35
N 108.93 97.87 16.95 14.65
Nano-N 10148 97.48 16.22 14.95
p 9354 97.80 15.20 13.56
Nano-P 102.00 97.16 15.05 12.79
K 100.40 96.16 16.37 13.19
Nano-K 100.90 96.62 15,50 13.79
NPK 10759 96.85 17.27 15.31
Nano-NPK 115.25 97.72 18.88 16.32
NPK +Nano-NPK 115.47 97.45 19.35 16.84
LsD 11.223 2. 670 2541 1575
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Table 9- Interaction effect of year and cultivar on 1000-grain weight of rice

Treatment o wilo 5 09
) 1000-grain weight (g)
Jlw Y ear o5,  Cultiver
1395 oo o,k Tarom 30.012
SO i Shiroudi 25.15°
1396 S oyl Tarom 26.85°
899 s Shiroudi 24.47°

Tr bl (el 5 So3glam o ySlas (Sgld o Slas (6955 jlad g pd; SiiSen I Ve Jgaa
Table 10- Interaction effect of cultivar and fertilizer treatment on paddy yield, biological
yield and harvest index of rice

oo Sl 0 Kos SiSslgm o Slas ubloy as L
Treatment Paddy yield (ton/h) Biological yield (ton/h) Harvest index (%)
s Fertilizer et G99y o o5l GO9 s o o5l GO9 s

Tarom Shiroudi Tarom Shiroudi Tarom Shiroudi
sals  Control 2.27 4.44 7.43 10.73 30.28 41.43
N 3.57 6.84 8.95 14.32 39.75 47.83
Nano-N 3.87 6.33 9.17 13.27 42.13 47.47
P 2.97 5.75 7.95 12.23 37.03 46.98
Nano-P 2.80 6.12 8.15 12.98 33.92 47.07
K 3.19 5.31 8.35 12.58 38.12 42.12
Nano-K 3.43 5.89 8.47 12.58 40.32 46.78
NPK 4.13 6.99 9.38 13.73 43.92 50.78
Nano-NPK 5.06 7.70 10.53 14.73 47.60 52.38
NPK+Nano-NPK 451 8.59 9.83 16.08 45,58 53.17

LSD 0.365 0.917 0.617 1.483 2.648 4.228
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Abstract

Optimum use of fertilizer plays a key role in enhancing the yield of rice and other
crops. The use of nano-fertilizers can be an effective strategy in optimizing fertilizer use
in croping systems and achieving sustainable agriculture. This research was carried out
to study the effect of nano-fertilizers spraying compared with common chemical N.P.K
fertilizers use on morphological traits, yield and yield components of rice in Sari,
Mazandaran province for two years (2016 and 2017). A split plot experiment, based on
randomized complete block design with three replications was conducted. The main
factors were two rice cultivars (Tarom and Shiroudi) and a sub plots including fertilizer
treatments in 10 levels, consisting of control (without fertilizer), common fertilizers of
nitrogen (N), phosphorus (P), potassium (K) and NPK, and nano-fertilizers of nitrogen
(Nano-N; chelated nitrogen 17%), phosphorus (Nano-P; chelated phosphorus 17%),
potassum (Nano-K; chelated potassium 27%) and NPK (Nano-NPK), plus
simultaneous application of NPK and Nano-NPK (NPK+Nano-NPK). The results
showed that, use of conventional fertilizers and nano-fertilizers, including the use of
NPK and Nano-NPK, increased the yield and yield components of both rice cultivars.
Most of the fertilizer levels (N, K, NPK fertilizers in Tarom and P, K and NPK
fertilizers in Shiroudi), the use of nano-fertilizers was more affective than conventional
fertilizer and increased seed yield. Application of Nano-NPK increase yield of Tarom
and Shirodi cultivars by 22.54% and 12.12%, respectively as compared to the use of
NPK. Since the application of chemical fertilizers is indispensable for obtaining proper
yield in plants, the use of nano-fertilizers, especially Nano-NPK treatments, can be a
good strategy to optimize the use of fertilizersinrice fields.

Key words: Common fertilizer, Morphological treats, Nano-fertilizer, Rice, Yield
components.
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