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Introduction

Rapeseed (Brassica napus L.) is one of the most important oilseed crops globally, ranking third in oil production
after soybean and oil palm. The seeds contain over 40% oil, with rapeseed oil being the only edible oil that includes
sulfur-containing fatty acids. Nitrogen is one of the most important nutritional elements and a key factor in
achieving optimal yield in rapeseed. The bacterium Pseudomonas aeruginosa is used as a plant growth promoter in
agriculture. This bacterium helps increase nitrogen uptake and improve root growth in plants. This study aims to
assess the combined effects of nitrogen and sulfur fertilizers and a growth regulator on rapeseed performance in a
rice-paddy rotation system.

Materials and Methods
A split-factorial experiment was carried out to investigate the effects of nitrogen and sulfur fertilizers, as well as
a growth regulator (a blend of Pseudomonas aeruginosa and seaweed), on the yield and quality of rapeseed (Hyola
401 variety) in the second crop following rice cultivation in Gilan Province. The study was designed in a completely
randomized block design with three replications over two crop years (2021-2022 and 2022-2023) at a farm located
in Bazkiagurab, Lahijan City. The main experimental factors included: (1) the application (or non-application) of a
growth regulator at a concentration of 5 mg.L, and (2) nitrogen fertilization at four levels (0, 90, 180, and 270
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kg.ha) using urea (46% N) and sulfur fertilization at three levels (0, 35, and 70 kg.ha*) using ammonium sulfate
(24% S, 12% N).

Results and Discussion

The results revealed that the highest seed yield (4081 kg.ha?) and oil yield (1135 kg.ha*) were obtained from the
treatment involving the growth regulator, 270 kg.ha* of nitrogen, and 70 kg.ha'* of sulfur. Conversely, the lowest
seed yield (1085 kg.hat) and oil yield (368 kg.ha) were recorded when the growth regulator was applied without
nitrogen, and with 70 kg.ha of sulfur fertilizer. The application of nitrogen fertilizer improved soil microbial
activity, enhanced the availability of growth hormones and stimulants, and increased nutrient uptake, all of which
contributed to higher photosynthesis and improved plant dry matter. These factors played a significant role in
boosting seed yield

The treatment involving 270 kg of nitrogen and 70 kg of sulfur fertilizer resulted in the highest plant height
(171.3 cm). In contrast, the lowest plant height (137.3 cm) was observed in the treatment that did not include a
growth regulator, nitrogen fertilizer, and only 35 kg.ha* of sulfur fertilizer. Additionally, the growth regulator and
the nitrogen and sulfur fertilization treatments significantly affected the duration of flowering, vegetative growth,
and seed filling (p < 0.01). The longest durations for flowering (31 days), vegetative growth (207 days), and seed
filling (82 days) were recorded in the treatment combining 270 kg.ha® of nitrogen, 70 kg.ha of sulfur, and the

growth regulator.

Conclusion

The findings suggest that plant height is strongly influenced by both the number of nodes and the length of
internodes, with a significant relationship observed between plant height and the application of nitrogen and sulfur
fertilizers. A positive and significant correlation was found between plant height and seed yield, highlighting the
importance of plant height in determining seed production. The highest seed yield (4081 kg.ha) was achieved when
nitrogen and sulfur fertilizers were applied along with the growth regulator. Overall, the interactions between
nitrogen and sulfur fertilizers were found to impact grain yield and its components significantly. Future research
exploring these interactions, particularly in combination with microbial agents, could provide valuable insights for

optimizing rapeseed cultivation and better addressing the nutritional needs of plants.
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Fig. 1- Regression relationship between plant height (cm) and seed yield (kg.ha™!) of rapeseed in the interaction of growth
regulator, nitrogen, and sulfur fertilizer treatments



\vY

s

639U (owls por &y

Lo Y ol ¢

VEeF Sl oy

"0%G PUB %] 18 JUBOYIUSIS puk JUBOYIUTIS UOU 4, PUB,'
€y Pl Ko € ol o e <o B € ER <l

su % k%
. . . . . . . AD
1'C 99 Ll S0l €9 8L $¢ o gl i
7 o1y
$T 7T 9Tl 6'TOLS Y0t 6£9€€ £5°0€ 88 o o6
$89L°0 zIT0 180°1 TsTL 95+°0 9EHe LY'0 9 S*xN*¥x A
89L°0 66170 11801 €LSHI 160 796€T L9'1 9 SXNXA
$69°0 201€°0 €26°0 £86€ 120°0 $696 L18°0 z SxUXA
£9%0°T $810°0 ¥STST £eeee 9€1°0 8€ETh L8°1 € NERED
690 20t€°0 €26°0 8EPII LT1 1529 LSP1°0 z SxA
910°T 81070 ST$°T #1°8SL91 68°C «08€601 9t € NxA
¥T8°0 #+£08°€ 956'C «SVLLY #+09 #%09LLY #8711 9 SXNX ¥
«9P0'y #xSLLI #£96'TC #+96THE €€ ++09L8TT #£6°S91 9 SxN
19€°0 SP1°0 7€9°0 TYLES wP 11T SPL6 +8°81 z SxY
$€6°0 6TIL'E €08°1 8 0bPe L8°0 #+91661F ¥9'T6 € NER
#8581 9051 wxL P11 *TSLII8 SL'S #+8S1529 +6€°€6 é S5 (g)
#xb0TLT #xS'8EE] wx €L #xETOELET #%80°9LS #xOP1S1SEY #x8'PS8S € 0 (N)
[ 11019
19€°¢ w6y 61€1 TESOLI €71 LIEYL S0'88 t i
7690 #ST0T 10°5S #+EELOTTY L911 #+8598L1S 891% I g sre ()
69°0 Pp°0 8°0 1'69 95°1 1881 95°L I Axd
€101 69T 759t 8TL8 84T 88991 ¥'LSI 4 Fs (M)
£9P91 #4°091 #+8'SP8 +L'9¥188 901 89168¢€ 95°0 I =" (&)
m”mwmw“wm m___.._.h_w.nh__w ..._NNH.% PRIAIO  JUNUOI[I0  PRIAPIIS  JY3IRY Jurld w ATGS
b cbfa Ko a4 <6¢e see” I c66a Comr SIEe el Lt Fise s fm3 e _.«_nﬂ s 20l
A0 Mo () =

paasade.r ur uoneanp Sulf[ij pIds pue ‘UoNeINP SULIIMO[J ‘UORIND YIMO0I3 ‘pPPRIL
[10 “3ud3u0) [10 ‘pIIA Pads yyS1ay Jueld Uo SIIZI[IAY ANJ[NS PUR ‘UITOIIIU PUE “10)B[NTAI YIMO0IS “18IA JO 193JJ9 3Y) 10J (VAQNY) IIUBLIBA JO SISA[RUR PIUIqUIO)) -€ d[qE

Srb( |- ot 6 e of o5 (£ e e e Comr € sboaqS) cvl6ler 6 650 K ome Fa2 S0 3orste v ¢l omr (6505 ol (650 g6 6o Comer oo™ 6 KD o€ off|



£

Gy Kon g

o

Iy

9 0395 »

50,8

$é> )

gl poligegoguw S 5 5

w2y Sl -

vy

“[9AS] Ju213d dAY Y} B SIUSWILAL) UIIMID] OUBDLIUSIS-UOU JJeIIPUL SION] 1T * | BY BY
0L PU® S¢ 0 JO S[9AI] 221y} Je (S) any|ns pue | ey 33 OLT PU 081 ‘06 ‘0 JO S[9AS] 0§ J& (N) ud3oniu () || Sw 9AY JO 3sn pue () SN OU JO S[IAI] 0M) 1 () 103B[NSAI IMOID)

<6 o e Qo avd o g9 O oyl of e BR ol o ey

epsmrve (o () o o6 oo Qe (L) € e #R oH7 509 o B (T FEED (N e oy oyt € opn S o o € e () o€ e e o @ € oA STESEY o sy

867 TSEN a8 LT L1807 LT 0L 0LT
awE'8T 19201 2S'9T T98E WILT N 0Lz
1€ S S66 i1 LT «T89€ @S LO1 0 0Lz
' a7 LS6 50T STE W10L1 oL 081
oo 'ST6 a1pE 6T LSTE «S9S1 N 081
1opo 068 T TE 18T w991 0 081 @)
(S 8YL wS'SE WS11T HEOPI 0L 06 Jore[nBa1 yMmoIs g
w9 11L S HE WOLOT w9LEl g€ 06 R
w6TT9 WT9E (0ZL T 6V 0 06 g ey b
ul 89€ ] € $801 S0P oL 0
wEEEH sl ¥E WLbTl WSIPI N 0
gl TSH T T LOTE PP 0 0
8 8L01 P8 8T e PELE w9 191 0L 0LT
ot 126 3ol 9T 20SHE wT 91 N 0Lz
agii TES 4€9¢ 295 1€ w8191 0 0LT
S BLL op870€ $5TST @l SOl 0L 081
T S8L ol TE HEEST «S9S1 N 081 ) T
38'T0L 55 6L 06ET 1891 0 081
i L8S 29°9€ W TO1 w9 PP 0L 06 mﬁoﬂ InoyiM
€ETI9 W8'LE wL191 ol 6Y1 s¢ 06 g sreve Core
48861 € VE WOLP1 H8'8Y1 0 06
wl 86€ LS8 8601 WSLE 0L 0
ub'S8E a8 7€ 6211 JELET N 0
w8 €0F xuSPE 8911 pS'8E1 0 0
(skep) . %) (
uoneInp SuLIMo[ (=) W_“M o Jud3U0d 10 By SY) pPPIA padg (o) N__wu_“_ ueld S %«Mﬁ ) d ;
a0 <6e se” PRt o 650 qpev o5 pev £y stsl T erseoea foee

SHUIWIBAI) JIZI[1)IJJ ANJ[NS pue

‘ud50.1)1U “10)B[NSII YIMO0.3 JO JI3JJ9 Y} Japun padsdde.d Jo uoneInp SULIIMO[J pue PRIA [10 ‘Yud)uod [10 ‘pPRIA pads Y3y jueld 10j sanjea uedw jo uosriedwo)) -p dqe],
b 3- oy gD e (3 K evr sorshc gy cfome (650 € ol (650 ol of | (S g™ grva Commr s il 6lev 6 b 6 5Cc”



VEF Hle doylods AV ol ((6559LiS (wlbisd pgo 4y 25 \V¥

S35 355 9 459 % 395 (Slowd 51,5 Al (il 093 9 M 0,93 Jsb Olo (ke duliio -0 Jga
Table 5- Comparison of mean values for growth duration, and seed filling duration in the effect of nitrogen and
sulfur fertilizer treatments

(LU 3 0 ,59LS) (359 54 (U2 43 0,55k5) 3,555 ) 0,93 Jgb W 8 5 0595 Jgb
N(kg ha?) S (kg ha) Growth duration (days) Seed filling duration (days)

0 192¢ 75.9¢

0 35 186f 73.44

70 192¢ 75.8¢

0 202¢ 79.6b

90 35 2014 79.1b

70 202¢ 79.7b

0 2045 80.3%®

180 35 203 80.1%

70 2045 80.1%

0 207¢ 81.6°

270 35 204¢ 80.6%

70 206 81.5
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Nitrogen (N) at four levels of 0, 90, 180 and 270 kg/ha and sulfur (S) at three levels of 0, 35 and 70 kg ha™. Like letters indicate non-
significance between treatments at the five percent level.
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Fig. 2- Regression relationship between oil content (%) and oil yield (kg.ha™') of rapeseed under the interaction of growth
regulator, nitrogen, and sulfur fertilizer treatments
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