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ABSTRACT

Introduction: Rice is one of the world's most significant food crops, and increasing its yield is essential for global food security. Although
nitrogen fertilizer plays a key role on enhancing rice grain yield, its use efficiency is low, and its improper application leads to
environmental pollution and increased costs. Therefore, the integrated use of chemical and bio-fertilizers has been considered a strategy to
improve nitrogen use efficiency and achieve sustainable agriculture. This research was conducted to investigate the effects of different
nitrogen fertilizer levels and methods of nitroxin biofertilizer inoculation on the yield and yield components of two rice cultivars, Hashemi
and Kian, under the climatic conditions of Guilan.

Materials and methods: This experiment was conducted as a split-split plot arrangement based on a randomized complete block design
with three replications in Rasht during the 2023 and 2024 growing seasons. The treatments included nitrogen fertilizer levels (0, 60, 80, and
100 kg.ha™) in the main plots, rice varieties (Hashemi and Kian) in the sub-plots, and methods of nitroxin biofertilizer inoculation (control
without inoculation, seed inoculation, and seedling root inoculation) in the sub-sub plots. Morphological traits, yield components, grain
yield, and quality indices (amylose content and gelatinization temperature) were measured. Data were analyzed using SAS software.
Results: The results showed that the interaction effect of nitrogen level and variety was significant for most of the studied traits. Increasing
nitrogen application up to 100 kg.ha™* improved all growth traits and yield components in both varieties. The Kian variety demonstrated
superiority in the number of fertile tillers, 1000-grain weight, and ultimately, grain yield at all nitrogen levels. The highest grain yield (5100
kg.ha™t) obtained from Kian under the 100 kg N.ha* + root inoculation treatment. The application of biofertilizer, particularly through seed
and root inoculation methods, significantly increased plant height, panicle length, number of fertile tillers, 1000-grain weight, and grain
yield compared to the control treatment (no inoculation). The varieties responded differently to the inoculation method; the number of fertile
tillers was most improved in Hashemi by seed inoculation and in Kian by root inoculation. Qualitatively, only the effect of variety on
amylose content was significant, with Kian having higher amylose. The gelatinization score was also influenced by fertilizer and
biofertilizer treatments, remaining within the desirable range (3.7 to 4.3).

Conclusion: In general, the results of this research indicated that the integrated application of 100 kg N.ha* along with seedling root
inoculation using nitroxin biofertilizer, by improving yield components, leads to the highest quantitative yield in both Hashemi and Kian
rice varieties. This strategy can help increase production while moving towards reducing chemical fertilizer consumption and preserving the
environment.
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Table 1- Selected physicochemical properties of the experimental soil

iy Sd 039 oS oS gl
K P N Organic carbon EC

Ju () () (32,3) (22) Al (e udes i g0) Sk cél
Year (ppm) (ppm) (%) (%) pH (ds.mt) Soil Texture
=) st

2023 200 11.8 0.19 2.33 7.33 13 Silty-Clay
s

2024 210 10.6 0.21 2 7.34 1.3 Silty-Clay

oY g 1FeY bl wbicilgn oledl -F Jsus

Table 2- Meteorological characteristics of the experimental site during 2023 and 2024

J Ak DR0y9p Camd)| o5 5 s e 29
Year Parameter March April May June July August
(o8 6l 4> )les (. Skeo
13.9 17.3 23.9 25.3 27.1 23.6
Average temperature (°C)
(o shea) Sa5b
2023 53.9 116.2 62.8 131.8 37.1 184.6
Precipitation (mm)
(2 )0)lugh,
75.16 78.98 78.23 76.39 71.7 80.92
Humidity (%)
)5 il azx o)les 1. Sks
134 175 22.9 25.6 26.1 24.6
Average temperature (°C)
(raghee) Sk
2024 32.1 94.1 7 73.7 115.2 87.3
Precipitation (mm)
(d00) Zugb,
81.02 80.37 77.31 41 83.5 79.36

Humidity (%)
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Table 3- Description of biofertilizer combinations applied in the experiment
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Table 4- Combined ANOVA of experimental treatments on growth traits and yield components
of two rice varieties during 2023 and 2024

A OO Ve a0 g gl adg> Job g5l sy sl S ale JS slaws
S.0vV &3l Plant Panicle PR Ay
df height length Number of Number of
fertile tillers  total grains per
per hill panicle
Ju 1 32.00m 0.71m 1.00m 3.00m
Year (Y)
(Jlo) 1S5 4 4.80 19.40 0.33 133.50
Rep(Y)
05950 3 1744.40 202.62 195.51 227551
Nitrogen (a)
a(y) 3 21.30m 2.42" 2.00" 6.23"
Jol sllas 12 11.80 1.07 2.27 35.00
Error a
o3, 1 918.60™  1.73™ 301.00™ 303.33™
Variety (b)
axb 3 23.00" 7.00m 8.00™ 68.51"
Y xb 1 35.00" 0.04ms 0.67" 0.33"
Y xaxb 3 12.20m 0.83™ 0.42m 7.00m
pgs slas 16 6.40 3.70 20.00 43034.44
Errorb
) 365 2 227.70™ 11.00™ 141.54™ 2322261.22™
Bio-fertilizer (c)
Y xc 2 9.40m 0.72" 0.14m 111.54m
axc 6 13.00m 2.00m 45.00" 115572.00"
Y xaxc 6 2.71" 0.61" 0.73™ 277.21m
bxc 2 4.52m 0.33™ 25.44m 87543.00™
Y xbxc 2 17.81"™ 0.13m 0.33m 976.70m
axbxc 6 18.61" 1.00" 14.00m 61103.63"
Y xaxbxc 6 7.62" 0.80m 4.00™ 359.00™
Uas 64 11.00 1.24 9.00 38778.52
Error
3.3 4 2.7 2.6

(30,0) Ol yuss o o -
CV (%)




Table 4-Continue

FAV-YVY (M) FOFF e condon § 85955559 /03,80 g gobl et (slowsy,

f Jgus asldl

Dy gk s oy abosle bl sy OB (Y 0ye3
SOV &byl als Grain yield Amylose Gelatinization
df 1000- content score
grain
weight

Ju 1 0.0006"s 81.00" 1.50m 0.05™
Year (Y)
(L) 1S5 4 0.21 53843.00 2.30 0.02
Rep(Y)
o558 3 30.81 35387629.44 15.50 0.09™
Nitrogen (a)
a(y) 3 0.02™ 117.00™ 3.00™ 0.01™
Jol sl 12 0.05 5621.33 3.00 0.09
Error a
o3, 1 156.00" 10523536.00™ 34.71™ 0.11m
Variety (b)
axb 3 2217 1506912.20" 3.00™ 0.10m
Y xh 1 0.50m 5.40m 3.22™ 0.01™
Y xaxb 3 0.10m 96.51™ 2.22M 0.03™
pgo slas 16 0.03 6987.00 2.61 0.10
Error b
52y 955 2 170" 601349.22" 3.43" 0.21™
Bio-fertilizer (c)
Y xc 2 0.03m 20.34m 2.34" 0.01™
axc 6 0.33"™ 35139.44" 2.34" 0.40™
Y xaxc 6 0.07" 82.84™ 2.54" 0.03™
bxc 2 0.11m 120341.00™ 2.00m 0.05™
Y xbxc 2 0.05" 5.00m 2.00m 0.04m™
axbxc 6 0.73 33277.33" 3.00m 0.33"
Y xaxbxc 6 0.04"s 33.51™ 2.00m 0.01"
s 64 0.22 15356.00 2.50 0.03
Error

_ 2 3.6 7.5 4.7

CV (%)

Abce (SH o505 L sl dre e g oy ST g g prba 0l e w3 4 NS g sk

and ns are significant at the 5 and % 1 levels and not significant according to the Tukey test, respectively.
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Table 5- Mean comparison of the interaction between nitrogen fertilizer levels and rice varieties

on growth and yield components

STk e wpes) e Wb o
Nitrogen Variety  (eosle)  aS 5 b 5
levels Plant.  Number of ~1000-grain
(Kg.ha' height fertile weight
(cm) tillers per 9
hill
obs 124¢ 11.3f 26¢
0 Kian
il 127.30 8.89 2351
Hashemi
oS 133.8° 14.2¢ 26.6°
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os 1363° 163 27.2°
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el 142.72 13.3¢ 25.7
Hashemi
LS 138P 17.3? 28¢
100 Kian
TR 144 .47 13 25.4¢
Hashemi

Ablige (S5 903l 31 Hl0 Sre Wglii (ygus g 3 )0 diline B >

Similar letters at each column are without significant differences according to the Tukey test.
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Figure 1. Mean comparison of the effect of biofertilizer inoculation on rice plant height.
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C1, C2, and C3 represent control, seed inoculation, and seedling root inoculation, respectively.
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Figure 2. Mean comparison of the effect of nitrogen fertilizer levels on rice panicle length
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Figure 3. Mean comparison of the effect of biofertilizer inoculation on rice panicle length.
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C1, C2, and C3 represent control, seed inoculation, and seedling root inoculation, respectively.
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Table 6- Mean comparison of the interaction between nitrogen fertilizer levels and biofertilizer

on some quantitative and qualitative traits of two rice varieties.

053955 gk s 055 zolaws

azy olass O iV 0 03




YAA S 9 i (S 995 9 ()59 5 095 hdls 8 5L iy 0 Shae sl g 8 ,Sos S9uge

Nitrogen Biofertilizer 45 )5 590k Gelatinization
levels levels
Number of score
-1
(Kg.ha™ fertile tillers
per hill
GJJJ pe 9f 4bc
Control
BRY 6’-"1’
10¢ 3.9
0 Seed inoculation
’ 110 3.9b¢
Root inoculation
C.u:l; f"'\‘c
12.3¢ 3.7¢
Control
60 Sk 13.3° 4.1%
Seed inoculation
S e 14be 4.1
Root inoculation
C.wl; p..\.c
13.8° 4.2%
Control
BRY G“‘"L’
158 3.9%¢
Seed inoculation
80 il
’ 15.62 4.1
Root inoculation
C.dl; P"\‘c
14.8° 4,32
Control
100 > ot 15.42 3.8°
Seed inoculation
’ 15.32 4pe

Root inoculation

il (S g3l 51 o cme gld (g g 2 50 Ailine By >
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Table 7- Mean Comparison of the interaction between varieties and biofertilizer on rice

guantitative traits.

md) (o j 085 T gl 45 50 59, axdy oluss

Variety Biofertilizer Number of fertile tillers per hill




YA FAV-TVY (V) F O F D ondbon 5 585om o] Kam 5 gL i (slamyos,

levels
13.6°
Control
11.48
Kian Seed inoculation
15°
Root inoculation
GAL Fe 12de
Control
ol g el
e 15.78
Hashemi Seed inoculation
12.2d

Root inoculation

il (SS9 903 I o pme Sgldi (g g 2 50 Ailine By >

Similar letters at each column are without significant differences according to the Tukey test.

b oo far ooble o8, als e 59 (0 yden 09 vals
@ Oier SBras bpS YOIF 5 YOV laSile
50 a8 sl Cavsy S 0 2, SelS Ve g Ar o
N I e I
boaslio )3 adle o3, &l Jla (59 gaeys Y

2B S8 )3 B39k pSekS Ve g A 0 p)lS
Om Sy gl cwl (See aghn Gl o
Voo ghAe 05 L oldé olge 8l y0 o bazalys
e s e (e RlBl 4 e (O39S S5k
OhlSen 5 gpul> @l b a5 wdl ead of, 9o
(e Cubls e (Jemberu et al., 2015)

o585 (Niknejad et al., 2014) . SKea 4 o155

4 e Gere 9> S0 B (g ks 995 Bpae 45 Wo S

Ol &SN 5 6ypiS w8 e sl e 5 Gl

als e o9
Alasols glas «(f Jgaz) oS e ouills o @l
095 iSedn g () 995 9 pd) (e 095 el
S Jleinl whans )3 gip s e (359 2 031059
(el awglie b Bilhae il o gre wo)o
ey ookl b (a5 VRN wils e (359 cn ptien
2 il e b a5 el Cowsay slis ady, meil
S b ezl 6o me g bl GBS (0,5 YO/A)
@ als e 59 (el coge S b s pus
oSk aslie mls (F JS0) wl ws s VE e
039 Gt LS 68y & o O 51 (S O Jse)
PSS Ve 0p)l5 S YA ke LIy s Sl
VIV 5 BIY & o ity a5 58] oy HiS 50 (359505

o 9 Oiars eSS P g A 0 )8 5l i ws o



va. S 9 i (S 995 9 ()59 5 095 hdls 8 5L iy 0 Shae sl g 8 ,Sos S9uge

s Raaquatilis, B.cepacia sla s :SL ailSlos o )15 a5
Mg Gl e (6L 90 5l (S S Griaren
S g st C*‘J" pas Lo 4 Canud dils Llia 59
boslias ata, @il o &p al e i Gl
S ke silopali Joa Wl e Sl
0395 Sy S Gayb ) ol Gl (s pare
g oy 0y BRI L g porl sl 5 iShgsl b

sl

26.2

26

r)

25.8

(p5) 4ls 513 ¢339
1000-grain weight
(8

S e a8 ol lis (aizmen gl ol als o Sles
ol (o 15, L dnalie jo (LS onddlal o) als
slopd) a5 Sl oal (B)F (olul (red 509 i
g i il Jl58 59 g Adig> y0 dils Slawy ol ol
Maurya et al., ) wls YL o,Slee s o
Bakhshandeh et al., ) l,5e 5 o0l 25w (2020
5 by polis @iz g 0 Slas il (o p 0 (2024
gl 5o 0l sanlEl slag xS 05 L iy 4o )

355,85 aloons sloosS aiil ials 5 Csllas

b
25.6 .
25.4
C1

da
| I
c2 c3

Tl 9 50 gl oals oo 5 4 C3 902 L1 g 4ilo 5138 (139 2 (St ) SU09S Tl 31 (sl dumny o —F Yo

Figure 4. Mean comparison of the effect of biofertilizer inoculation on 1000-grain weight of rice.

C1, C2, and C3 represent control, seed inoculation, and seedling root inoculation, respectively.
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Figure 5. Mean comparison of the interaction between nitrogen fertilizer levels varieties, and biofertilizer on

rice grain yield
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Al, A2, A3, and A4 represent 0 (control), 60, 80, and 100 kg N ha™t, B1 and B2 represent Kian and Hashemi
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Similar letters at each column are without significant differences according to the Tukey test.
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