e D g
(4olbed) (S 9 (wlows P o

LLE: e A-YYI T

Camdg e dilais p2 (Beta valgaris L) o jodier ol oot S puy 0
e Sl Sy S e e e Ll e

s 33 (Nigella sativa L) 4lzele 3 (Phaseolus valgaris L) jelagl ol gl pasell g 8 0les | pus o
o Wl boglodus Zaaf

L PSRRI R e T T O PR R IR

(Glveine max Lobge 2 Slee o2l 8 3 50z o3 o0 Sla Al Costsr o il omtas SlalT J1 g
2 s et ple Loy Gl b h g e el T IS g g e e

28 poias JdBrassica napus L) 17 &30 58 solital 358 Sla o5 CdT | Jasucas 3 Sl s e

Juar sl e i e (Solanum tuberosum L.} ges) oeew 3 {Beta vulgaris L.)
EIQ) _asll 3 oaliiag! b Sldr sl
e T L i [ PR e P PR

(Fea ma}'il...]-n;rjl"i;-l.lﬂ’ﬁﬁhfﬁxdﬁlfjwﬂijjmm sl it
ks dasus g g gl Upchougg e L3 0 g S | dasa

el iligey gl F g (Triticum aestivem L.) poif® plb sl e g day (8 Hadews 32 SSM-wheat | |ae ol 5
LI AR S S e e e el o e B i L e S BT ety e

a5 R0 e T e e Sl e L g 50 T e i 5 e T DT ey
Oy ik ol G et i ) e 4 83 Cn gl 5 g5 ey

i 3 ekl b Sliw J St o Triticum aestivam L.) o7 poaf® 5 Llos Y A he 0 ode lolas pwyw
3,5 alie fulowi

P T LB STy R Do L ] IR A i T

(Pseudomonas aeruginesa) pbss ol - 15a0 39 30T wlisegdge of i jgdaoe 30 3,59 § 0592 _ﬂiii
FAY e rermemramrnsmr pemem ~(Oryza sativa L) pip o210 3 2150 35 (Brassica napus L.} 15 4ils 3 Klas g 2115 SHlaw ¢
P ilaas e g 2l Ao 1303 L g ot g Dlibaamn pall ¢ S s e




(4olLad) (S5y9Lis™ wlil poy 4 43

Ao (w9 48 oL
Ol BLG 51 9 =T 8 D159 1 AV/ATA 45550 A1/TY010 dilg p oyl b
S29Ld 9 sy pole D159 TAR/A/A 45550 AA/T/1Y/OTEVA ojled g (ole 4> 50

Bl pL m" ode T phd 4 A oode Tas 50 (81510 Db pid Al TN Lo S e D139 dguan bl g

188 Hle o slods 1Y s>
.L«.:aw,;)éolixlazﬁﬁgjlﬁ:al o=>lo

At 53 o8N (6355l 0uSCils sl LS plgs 73 1 S ghue ke
wijsa\iuu‘smuso&u;;ul‘rmgiy)ﬁu;;:ﬁaﬂ

Agrin 33 o315 06355158 Sty HLsils o dsp 5 g ST 1 S ke

(LT B9 > o j4) 4 o8 i Slias!

3B s 58 o&ils S 5y 5l 4l ;57

Syl Gimes o815 (655518 0aS kil sl ¢ Ko 25 0 ;ST

U0, oaits ( ALE p sl 0aSiils ¢ ony sl ¢ JS g dasmn 575

ol orb lias (65518 p ke o sils sl ¢ 255 0 Al Cean ST

OWIT e n 8" s s oBtils  Sins 5 syl ol 55

dgia g 53 b oSS (63558 oS> LIS o3 o5 g ST

S o1 (635518 08l sl i (Sbamma L3 Jsle S

dgta opd b oSS (63,58 0dSils caliul Sty S 5S>

dgten (o333 o8C5 ((65)5LaS oSl skl pkia Sy s 5S>

Sgo) Ol 3 (65,5l Dlidss S 0 ookl (golT L2d ol el S

o odomio VLI 5SG 5S0 55 ol bl ¢ pledn Slinj dnw S

A &M S o8ty (o155 0bLS 5 &S ple o5 8 S ple Siash odiald doam S
L ¢ S REE ;Jf\::,- pske 05,5 (she dual S

D8 S ab e 5 555508 p ke ol eslal ¢ (5,56 A5 5 ST

STl ol (65 55LaS” 0dSLisls ealiml ¢ 53l 3 gate ;S

At 33 o815 (655 5aS” oSl eolal LS pligs ST

Sl b mlie 5 (65,558 o5l o ekl (W (65110 Lo ydomms S

h3 st o5k 5 b i o8I (2 ke 05 Tl (g3l Gbme ol S5
dgia o335 ol (635 5LaS” 0uSLisls caliul ¢ SMoen (6 i (Shge ST

G §353LST i p g g 255 85 ¢ ok D 25 G 1 (655557 0dSCs cgtin w33 o5 eys  ¢633T Ol cgtn 2 SIS
WOV

OV-FAVAVFY : plod COV-FAAFEOF a8
https;//agry.um.ac.ir :oebw w1 agroecology@um.ac.ir : g S g

B0 0 lod g3 SO 1 4 4i5 oyl
DOAJ, CABI, Google Scholar, AGRIS, Internet Archive, Ebsco, Europub
(MAGIRAN) ygi5™ i yi5 OleMb! <Sb ¢ (ISC) el Ol (Sl oS

Sl 0l dlod fols”™ Ao 9 5900 4 https:/fagry.um.acir colbw 38 osled oyl SYGo


mailto:agroecology@um.ac.ir
https://agry.um.ac.ir/

4

w

qr

1)

\Yo

1LY

1y

Ceidg o dikaie 8 (Beta vulgaris L.) widyoie o3ub o™ Ol gy

S el S 5 S S Lo e (il e e

bolowe Suis” wiusw 30 (Nigella sativa L.) 4ilaslw 9 (Phaseolus vulgaris L.) jwilegd oy Sl ol 9 8 Shos wyp
Rk

S silaan 5l dozme 5 okl Jail B oy p0 o Dbl

(Glycine max L.)bgw & sloe #1351 9 8 hos ) S ile Curos p Ll idgy OBLST 1 owsp

63 S5 030 le Ly 5 o5 ool pl gl 5 sl o 8 mnbn T GG pligs (s o

(Beta vulgaris L.) wé jie (Brassica napus L.) 13657 £330 53 ookl 3550 S 58T  Jasmocms O §1 gw) g
EIQ Lol 31 oslaiu!l b Ol Sliw! Jgis™ obT e Ol ygis (Solanum tuberosum L.) gwe) cww 9

Sl (03105 e ¢ oB e (ol a5

(Zeamays L.) &3 nds dw i 9 o5 Dlho B g (lond 3557 § Cawgaes” 039 Ciliko Zshaw

Golzme dazus 5 95l (5l (6o Lo e (6 S| dames

Sl Caliseo Sy o (Triticum aestivum L.) pous™ pl yl g0d 9 wdy (5 lwamd 38 SSM-wheat Jowo b 35
LS ALt 5 (S (o (omzme ((Bolre Sl (B s oo (ke ol 3 (S 508 (el e

85 089 Mg TS ) busme S Sl p (6351 il @ilie T4 DI T ey

Ol 35 55 Gl (koo @il (I 20 o ¢ 253 oy Blan (sby 5 (o) il

ko 5993 31 ol b Gl ¥ il s3(Triticum aestivum L) T pois® 5 Klos S5 ¢ J50 (i o Jolge o)y
35 ) duslio

S 6L e 5 o al ¢ Gl 83l s a5 55 e

Wlao » (Pseudomonas aeruginosa) (b »s <> — 1383339 5T whig0gdgw ol 5 yg> 33 8 95 9 U39 s Wb
(Oryza sativa L.) go y cuifd 9 31 s o205 3o (Brassica napus L.) 135 410 & Khos § o153

3l shhan o 5 (65550 dma 035553 Loy (535 Dlbamn ol ¢ Ko doen






Journal of Agroecology

Homepage: http://agry.um.ac.ir R

Research Article
Vol. 17, No. 1, 2025, p. 1-14

Investigating the Feasibility of the Autumn Cultivation of Sugar beet (Beta
vulgaris L.) in Marvdasht

Ali Mojab Ghasroddashtit, Alireza Koocheki'*'?", Mehdi Nasiri Mahallati "2

1 and 2- PhD student and professor respectively, Department of Agrotechnology, Faculty of Agriculture, Ferdowsi
University of Mashhad, Mashhad, Iran.
(*- Corresponding author's Email: akooch@um.ac.ir)

How to cite this article:

Received: 23-06-2021 Mojab Ghasroddashti, A., Koocheki, A. R., & Nasiri Mahallati, M. (2025).
Revised: 26-01-2022 Investigating the feasibility of the autumn cultivation of Sugar beet (Beta vulgaris
Accepted: 26-01-2022 L.) in Marvdasht. Journal of Agroecology, 17(1), 1-14. (In Persian with English

Available Online: 21-05-2025 abstract)
https://doi.org/10.22067/agry.2022.67871.1004

Introduction

Drought, as well as water scarcity, are the main limiting factors in the arid and semi-arid regions of the
world, such as Iran (Deihimfard & Rahimi Moghadam, 2015). Autumn cultivation can be a solution provided
that the upcoming long and cold temperatures do not limit the sugar beet development. One of the limitations of
autumn sugar beet cultivation is dealing with low temperatures in winter, which results in vernalization and
flowering of sugar beet in the first year. The bolting will reduce economic yield by reducing root weight as well
as reducing sugar content (Taleghani et al., 2015). Considering the long period from sugar beet sowing to
harvest, this study aimed to: (i) detect the interactions between planting dates and cultivars for three harvest
dates; and (ii) recommend the best sugar beet cultivar with the best performance for increasing the sugar yield in
Marvdasht region.

Materials and Methods

A split-split-plot field experiment with the randomized complete block design (RCBD) in three replicates
was conducted in two agronomic years (2016-17 and 2017-18) in Marvdasht. Three sowing dates 16 September,
7 October, and 27 October) were assigned to the main plots, and two varieties (Giada and Levante) consisted of
the sub-plots. Three harvest dates (1 May, 26 May, and 20 June) were also assigned to the sub-sub-plots. Basic
plot size was 15 m?, with five rows, 6 m long, and row spacing of 0.5 m. The root yield (RY) was determined by
measuring the weight of roots from three middle rows and recalculating it as ton/ha. Root samples were analyzed
in the laboratory for sugar beet root quality testing at Sugar Beet Research Institute in Karaj. Sugar content (SC)
was measured according to the polarimetric method. Sugar yield (SY) was calculated following the equitation:
SY =RY x SC.

Results and Discussion
The statistical analysis showed that the two-factor interaction of sowing and harvest dates was significant on
the root yield (alpha <0.01). The mean comparisons of the treatments showed that the lowest yield was obtained
at the sowing date of 27th October and the harvest date of 1th May (32.95 ton/ha). On the other side, the highest
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yield (75.75 ton/ha) was acquired with the interaction of the 16th September sowing date and 20 June harvest
date. Bolting did not occur with the second and third sowing dates while it happened with the first sowing date.
Bolting percentage at the first sowing date was also affected by delays in harvesting dates. The interaction of
sowing date x cultivar x harvesting date was significant on sugar content. The highest sugar content belonged to
the sowing date of 7th October and harvesting date of 26th May in the Giada cultivar, and the lowest sugar
content belonged to the Levante cultivar in the sowing date of 7th October and harvesting date of 1st May. In
other words, sugar content is strongly affected by sowing and harvesting dates, so early planting and delaying
harvesting until July will increase the sugar content significantly. Also, higher sugar content can be achieved by
adjusting the planting and harvesting dates to minimize bolting (Taleghani et al., 2011).

Conclusion

Delayed sowing and early harvesting led to reductions in root yield, sugar content, and white sugar yield. The
treatment with a sowing date of September 16 and a harvesting date of June 20 resulted in the highest root yield.
Although this treatment also had a high bolting rate, the increased yield compensated for the reduction in sugar
percentage, resulting in the highest overall sugar yield. However, considering both economic factors and final
product outcomes, and given that sugar yield was not significantly different between the second and third
harvesting dates, the sowing date of September 16, combined with a harvesting date of May 26, was identified as
the most effective treatment for sugar production in Marvdasht.

Keywords: Autumn cultivation, Bolting, Harvest date, Sowing date, Sugar beet cultivar
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Clay loam
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Table 2- Number and depth of irrigation in different treatments in two cropping seasons.
d)L:..J’l GSladd slaas d)\.ﬁ] gj Jf oS ufy\})lg
il &, cailsy g6 N N IR
. H : Number of irrigations Depth of irrigation (mm) Precipitation (mm)
Sowing date  Harvestingdate ™0 o) 010" 20172018 20162017 20172018 2016-2017 2017-2018
el )+ 13 12 508 529 349 165
1 May
2R VE 3,50 16 14 610 614 371 193
16 Sep. 26 May
A5 ¥ 20 18 779 798 371 193
20 June
el )+ 9 9 362 429 349 165
1 May
o VO sy 0
12 11 464 514 371 193
7 Oct. 26 May
A5 ¥ 16 15 633 698 371 103
20 June
A5 ¥ 7 7 275 332 349 165
20 June
oula Sl Ve
10 9 377 417 371 193
27 Oct. 1 May
3,50 14 13 546 601 371 193

26 May
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Table 3- Mean squares of combined analysis of variance for root yield, and some qualitative traits of sugar beet in the
experimental years.

CAJOVES I 908 RS Ay y 5 Yo 8903w oABL WS Sabow $S 3 o
S.0.V df Root yield Bolting Sugar content White sugar yield
Ju 1 5719* 54.82™ 33.39™ 125.04™
Year (Y)
() S5S 4 13.48 0.567 0.64 0.339
Replication (R)
e @b 2 4284.9™ 1301.31" 31.65™ 109.64™
Sowing date (SD)
Y x SD 2 0.122m 54.82™ 0.137"m 0.57"m™
R (Y x SD) 8 56.82 0.56 1.69 2.33
_‘°§) 1 10.25™ 1.30™ 0.29m™ 0.24"s
Cultivar (C)
Y xC 1 #129.45 0.02ms 0.0002" 1.29™
spxC 2 1119 1.30™ 8.14™ 2.78"
Y xSDxC 2 19.12 0.3m 0.0437 0.58"™
R (Y x SD x C) 12 22.16 0.87 0.423 0.65
by &) 2 48.85™ 453.9" 67.62" 158.94™
Harvesting date (HD)
SD x HD 4 142.5" 453.9™ 8.37" 6.94™
SD x HD 2 46.97M 0.36"™ 9.80™ 9.22™
SD x C x HD 4 20.09m 0.36"™ 3.75" 0.866 ™
Y x HD 2 13.43™ 6.99™ 0.335"m 2.80™
Y x SD x HD 4 26.60" 6.99™ 0.053" 0.853m
Y x C x HD 2 20.38 M 0.76 ™ 0.058"s 0.902 "
Y x SD x C x HD 4 3.40"™ 0.76 ™ 0.013"m 0.010M
ks 48 30.88 0.53 0.999 1.66
Error
Syt e ps 9.54 20.84 6.61 18.85
CV (%)

Nogne b NS tos3 & 5 oy dla! = glas 53 5l e o g % 5
*and **: are significant at the 5 and 1% probability levels, respectively and ns is non-significant
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Fig. 4- Mean comparison of interaction among year, sowing date, and harvesting date for bolting rate of sugar beet
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Table 4- Bolting percentage of different sugar beet cultivars on planting date of 26 September and different harvesting dates
of sugar beet in two years
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Fig. 5- Mean comparison of interaction among sowing date,

cultivar, and harvesting date for sugar content in sugar beet
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Fig. 6- Relation of Sugar content (mean of two cultivars) and
accumulative GDD (for three sowing dates in three harvest

dates) in sugar beet
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Fig. 8- Regression equation of sugar yield (mean of

two cultivars) and accumulative GDD (for three
sowing dates in three harvest dates) in sugar beet
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Introduction

Drought, as well as water scarcity, are the main limiting factors in the arid and semi-arid regions of the
world, such as Iran (Deihimfard & Rahimi Moghadam, 2015). Autumn cultivation can be a solution provided
that the upcoming long and cold temperatures do not limit the sugar beet development. One of the limitations of
autumn sugar beet cultivation is dealing with low temperatures in winter, which results in vernalization and
flowering of sugar beet in the first year. The bolting will reduce economic yield by reducing root weight as well
as reducing sugar content (Taleghani et al., 2015). Considering the long period from sugar beet sowing to
harvest, this study aimed to: (i) detect the interactions between planting dates and cultivars for three harvest
dates; and (ii) recommend the best sugar beet cultivar with the best performance for increasing the sugar yield in
Marvdasht region.

Materials and Methods

A split-split-plot field experiment with the randomized complete block design (RCBD) in three replicates
was conducted in two agronomic years (2016-17 and 2017-18) in Marvdasht. Three sowing dates 16 September,
7 October, and 27 October) were assigned to the main plots, and two varieties (Giada and Levante) consisted of
the sub-plots. Three harvest dates (1 May, 26 May, and 20 June) were also assigned to the sub-sub-plots. Basic
plot size was 15 m?, with five rows, 6 m long, and row spacing of 0.5 m. The root yield (RY) was determined by
measuring the weight of roots from three middle rows and recalculating it as ton/ha. Root samples were analyzed
in the laboratory for sugar beet root quality testing at Sugar Beet Research Institute in Karaj. Sugar content (SC)
was measured according to the polarimetric method. Sugar yield (SY) was calculated following the equitation:
SY =RY x SC.

Results and Discussion
The statistical analysis showed that the two-factor interaction of sowing and harvest dates was significant on
the root yield (alpha <0.01). The mean comparisons of the treatments showed that the lowest yield was obtained
at the sowing date of 27th October and the harvest date of 1th May (32.95 ton/ha). On the other side, the highest
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yield (75.75 ton/ha) was acquired with the interaction of the 16th September sowing date and 20 June harvest
date. Bolting did not occur with the second and third sowing dates while it happened with the first sowing date.
Bolting percentage at the first sowing date was also affected by delays in harvesting dates. The interaction of
sowing date x cultivar x harvesting date was significant on sugar content. The highest sugar content belonged to
the sowing date of 7th October and harvesting date of 26th May in the Giada cultivar, and the lowest sugar
content belonged to the Levante cultivar in the sowing date of 7th October and harvesting date of 1st May. In
other words, sugar content is strongly affected by sowing and harvesting dates, so early planting and delaying
harvesting until July will increase the sugar content significantly. Also, higher sugar content can be achieved by
adjusting the planting and harvesting dates to minimize bolting (Taleghani et al., 2011).

Conclusion

Delayed sowing and early harvesting led to reductions in root yield, sugar content, and white sugar yield. The
treatment with a sowing date of September 16 and a harvesting date of June 20 resulted in the highest root yield.
Although this treatment also had a high bolting rate, the increased yield compensated for the reduction in sugar
percentage, resulting in the highest overall sugar yield. However, considering both economic factors and final
product outcomes, and given that sugar yield was not significantly different between the second and third
harvesting dates, the sowing date of September 16, combined with a harvesting date of May 26, was identified as
the most effective treatment for sugar production in Marvdasht.

Keywords: Autumn cultivation, Bolting, Harvest date, Sowing date, Sugar beet cultivar
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Clay loam
2017-2018 2 P9 7.26 0.39 0.033 5.42 230
Clay loam
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1 May
o VO sy 0
12 11 464 514 371 193
7 Oct. 26 May
A5 ¥ 16 15 633 698 371 103
20 June
A5 ¥ 7 7 275 332 349 165
20 June
oula Sl Ve
10 9 377 417 371 193
27 Oct. 1 May
3,50 14 13 546 601 371 193
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date, and harvesting date for root yield of sugar beet Fig. 3- Relation of root yield (mean of two cultivars) and

accumulative GDD (for three sowing dates in three harvest
dates) in sugar beet



VFF Hle oylods AY ol ((6559Les wlich pgs 4y y 5 A

Oilejl Jlw 93 ;5 Wi jide (S Ol (B 1 g Ay 3,5Mes 5 jo uilyyly 413285 Slagpo (0o Y Jgo
Table 3- Mean squares of combined analysis of variance for root yield, and some qualitative traits of sugar beet in the
experimental years.

CAJOVES I 908 RS Ay y 5 Yo 8903w oABL WS Sabow $S 3 o
S.0.V df Root yield Bolting Sugar content White sugar yield
Ju 1 5719* 54.82™ 33.39™ 125.04™
Year (Y)
() S5S 4 13.48 0.567 0.64 0.339
Replication (R)
e @b 2 4284.9™ 1301.31" 31.65™ 109.64™
Sowing date (SD)
Y x SD 2 0.122m 54.82™ 0.137"m 0.57"m™
R (Y x SD) 8 56.82 0.56 1.69 2.33
_‘°§) 1 10.25™ 1.30™ 0.29m™ 0.24"s
Cultivar (C)
Y xC 1 #129.45 0.02ms 0.0002" 1.29™
spxC 2 1119 1.30™ 8.14™ 2.78"
Y xSDxC 2 19.12 0.3m 0.0437 0.58"™
R (Y x SD x C) 12 22.16 0.87 0.423 0.65
by &) 2 48.85™ 453.9" 67.62" 158.94™
Harvesting date (HD)
SD x HD 4 142.5" 453.9™ 8.37" 6.94™
SD x HD 2 46.97M 0.36"™ 9.80™ 9.22™
SD x C x HD 4 20.09m 0.36"™ 3.75" 0.866 ™
Y x HD 2 13.43™ 6.99™ 0.335"m 2.80™
Y x SD x HD 4 26.60" 6.99™ 0.053" 0.853m
Y x C x HD 2 20.38 M 0.76 ™ 0.058"s 0.902 "
Y x SD x C x HD 4 3.40"™ 0.76 ™ 0.013"m 0.010M
ks 48 30.88 0.53 0.999 1.66
Error
Syt e ps 9.54 20.84 6.61 18.85
CV (%)

Nogne b NS tos3 & 5 oy dla! = glas 53 5l e o g % 5
*and **: are significant at the 5 and 1% probability levels, respectively and ns is non-significant
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Fig. 4- Mean comparison of interaction among year, sowing date, and harvesting date for bolting rate of sugar beet
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Table 4- Bolting percentage of different sugar beet cultivars on planting date of 26 September and different harvesting dates
of sugar beet in two years
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Fig. 5- Mean comparison of interaction among sowing date,

cultivar, and harvesting date for sugar content in sugar beet
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Fig. 6- Relation of Sugar content (mean of two cultivars) and
accumulative GDD (for three sowing dates in three harvest

dates) in sugar beet
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Fig. 8- Regression equation of sugar yield (mean of

two cultivars) and accumulative GDD (for three
sowing dates in three harvest dates) in sugar beet
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Introduction
Due to rapid population growth and the reduction of arable land, the most effective way to increase crop
yields is by boosting production per unit area. So far, many studies have shown the positive effect of
intercropping on LAI (Leaf area index), TDM (Total dry matter) (g.m?), CGR (Crop growth rate) (g.m2.day™?),
RGR (Relative growth rate) (g.g.d%), and NAR (Assimilation rate) (g.m_ear.day™) growth indices, and so on.
Therefore, this study aimed to evaluate and compare the yield and growth indices of green bean and black seed
in sole culture and replacement intercropping ratios.

Materials and Methods
The experiment was conducted based on RCBD design during the growing season 2018-19. Treatments
included replacement intercropping ratios including 25% green bean + 75% black seed (P1N3), 50% green bean
+ 50% black seed (P2N2), 75% green bean + 25% black seed (P3N1), and sole culture of green bean (P) and
black seed (N). Irrigation was done once a week, and sampling was performed once every 10 days. The effect of
different replacement intercropping ratios on growth indices during the growth period was investigated. The
curve function was fitted using Slide Write ver 2.0 software, and Excel 2016 was used to draw figures.

Results and Discussion

The results showed that the treatments affected the growth indices of green bean and black seed. The highest
LAI of bean and the black seed (3.53 and 0.5) were observed in the sole culture of these crops. The lowest LAl
of green bean (1.14) and black seed (0.2) were obtained in P2N2 and P3N1 treatments. The sole cultures had the
highest TDM for green bean (973.34 g.m?) and black seed (339.55 g.m™). The lowest TDM of green bean and
black seed were observed in PIN3 (164.25 g.m?) and P3N1 (91.18 g.m?) treatments, respectively. The highest
crop growth rate (CGR) of green bean (10.83 g'm™-d™') and black seed (25.71 g'm™2-d™") were recorded in their
respective sole cropping systems at 73 and 82 days after planting. P3N1 and P2N2 treatments had the highest
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RGR of green bean (0.1 g.g* d) and black seed (0.13 g.g™%.d2), respectively. The highest NAR of green bean
(14.95 g.m2.d?) and black seed (48.24 g.m2.d") were recorded at 72 days after planting in P2N2 and 63 days
after the planting in sole culture of black seed, respectively. The highest yields of green bean and black seed
were obtained in P3N1 and P2N2 treatments, respectively, which did not differ significantly from their sole
culture. The land equivalent ratio (LER) for the P1N3 treatment was close to one, while the LER values for the
P2N2 and P3NL1 treatments were greater than one. This suggests that the P2N2 and P3N1 treatments utilized
arable land more effectively and ecologically compared to the P1N3 treatment. The findings can be considered
as a reason for improving crop yields due to improving ecological efficiency in the intercropping.
Conclusion

The results revealed that the intercropping of black seed with green bean improved the growth of this
medicinal plant. In both crops, the Leaf area index, total dry matter, and crop growth rate in sole culture were
higher than in other treatments due to their higher plant density; however, the relative growth rate and
assimilation rate were also improved in the intercropping treatments. Thus, the intercropping of green bean and
black seed would be beneficial from the perspective of ecological management. In general, the replacement of
half of the black seed planting density with green bean can be considered beneficial in terms of productivity in
crop production.

Keywords: Assimilation Rate, Crop growth rate, Growth physiological indices, Medicinal plant
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Fig. 1- Effect of different replacement ratios of intercropping on the trend of leaf area index (LAI) in green bean (A) and
black seed (B) in different treatments
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Fig. 2- Effect of different replacement ratios of intercropping on the trend of total dry matter (TDM) in green bean (A) and
black seed (B) in different treatments
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Fig. 3- Effect of different replacement ratios of intercropping on the trend of crop growth rate (CGR) in green bean (A) and
black seed (B) in different treatments
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The curves indicate daily values of crop growth rate (CGR) and the points are calculated values of the index based on observed data.
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Fig. 4- Effect of different replacement ratios of intercropping on the trend of relative growth rate (RGR) in green bean (A)
and black seed (B) in different treatments
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sole culture of green bean (P) and black seed (N)
The curves indicates daily values of relative growth rate (RGR) and the points are calculated values of the index based on observed

data.
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Fig. 5- Effect of different replacement ratios of intercropping on the trend of Net Assimilation Rate (NAR) in Green bean (A)
and black seed (B) in different treatments
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25% green bean + 75% black seed (P1N3), 50% green bean + 50% black seed (P2Nz2), 75% green bean + 25% black seed (PsN1), and
sole culture of green bean (P) and black seed (N)
The curves indicates daily values of Net Assimilation Rate (NAR) and the points are calculated values of the index based on
observed data.
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Table 4- ANOVA of economic yield of green bean and black seed in sole crops and replacement intercropping
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Fig. 6- The yield changes of green bean (A) and black seed (B) in different ratios of replacement intercropping in comparison
of their sole crop (upper horizontal line)
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bean + 75% black seed (P1N3), 50% green bean + 50% black seed (P2N2), 75% green bean + 25% black seed (PsNz), and sole culture
of green bean (P) and black seed (N)
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Fig. 7- The effect replacement intercropping patterns of green bean and black seed on the land equivalent ratio (LER) based

on their economic yield
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Introduction
Planting cover crops, along with effective management practices, offers a sustainable alternative to
conventional weed control methods. Beyond weed suppression, cover crops contribute positively by increasing
organic matter, improving soil structure, enhancing water retention capacity, controlling soil-borne diseases,
reducing soil erosion, and ultimately boosting crop yields.

Materials and Methods

To investigate the effect of winter cover crops on weed populations and the yield and yield components of
soybean (Glycine max L.) in Golestan province, a field experiment was conducted from 2016 to 2018. The
experiment employed a three-replicated split-plot design within a randomized complete block design at the
Gorgan University of Agricultural Sciences and Natural Resources. Seven types of cover crops, triticale
(Triticosecale witmackx), common oat (Avena sativa L.), alfalfa (Medicago scutellata L.), canola (Brassica
napus L.), sainfoin (Onobrychis sativa L.), perko (Brassica napus L.var. sensolata), and no cover crop (control),
were tested under two weed management conditions (with weeding and without weeding). Each plot measured 6
x 3 meters, and crops were manually sprayed 30 days after planting. Parameters measured included plant height,
leaf area, and dry weight of cover crops.

Results and Discussion
According to the results, the best cover plants varied in their effectiveness in several key areas. Perco and
field oats were the most effective in achieving a high leaf area index, whereas triticale had the shortest time to
reach the maximum leaf area index. Canola and triticale exhibited the highest amount of dry matter accumulation
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and the shortest time required to reach 50% of the maximum dry matter accumulation. However, across the two
years of the experiment, sainfoin proved to be the weakest cover plant in terms of both leaf area index and dry
matter accumulation. In terms of soybean yield, the no-weeding treatment led to a decrease of 24% in the first
year and 16% in the second year when compared to the average yield of cover crops. The impact of cover plants
on soybean performance was significant in the first year. Cover plants significantly influenced the average
number of pods per plant, the number of seeds per pod, the weight of 100 seeds, and overall yield. However, in
the second year, while the average number of pods per plant and the weight of 100 seeds did not show
statistically significant differences, the influence of cover plants on yield and other metrics was still evident. In
general, the study suggests that triticale and field oats can be suitable pre-sowing options for soybean planting.
These cover plants help reduce the weed population and either increase or stabilize soybean yield without the
need for additional fertilizer inputs. This conclusion highlights the potential of triticale and field oats to enhance
sustainable agricultural practices by improving yield and managing weeds effectively. The findings underscore
the importance of selecting appropriate cover plants to optimize crop performance and minimize the need for
chemical inputs. By choosing the right cover plants, farmers can improve their crop yield and manage weed
populations more effectively, contributing to a more sustainable agricultural system. Triticale and field oats, in
particular, show promise in achieving these goals, offering a viable strategy for enhancing soybean production
and ensuring environmental sustainability. In conclusion, the research emphasizes the significance of cover plant
selection in agricultural practices. Triticale and field oats have demonstrated their potential as effective cover
crops, capable of boosting soybean yield and managing weeds without the reliance on fertilizers. This study
provides valuable insights for farmers aiming to adopt more sustainable and productive farming practices.

Conclusion
This study highlights the potential of cover crops in sustainable agriculture to effectively reduce the weed
seed bank and prevent declines in crop yield over the long term. Among the cover crops evaluated, triticale and
common oat are recommended pre-planting options for soybean cultivation, especially when complemented with
effective weed management practices.

Keyword: Dry matter, Ecological management, Plant residues, Pre-planting plant, Sustainable agriculture
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year of the study
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Introduction
Considering the growth of the human population, limited resources in the agricultural sector, and the urgent need
to increase production, it is essential to implement logical and principled pest control measures, with a strong
emphasis on protecting the health of farmers, community members, and the environment. The Environmental
Impact Quotient (EIQ) can show the risk of different agricultural pesticides by considering the amount of damage to
the health of these three components. This study investigated the environmental effects of pesticides used in canola,
sugar beet, and potato fields in Aliabad Katool County (Golestan province), during 2021-2022.

Materials and Methods
For this purpose, 21 canola fields, six potato fields, and five sugar beet fields were randomly selected and
information related to pesticide spraying, field area, crop rotation, and crop yield with continuous monitoring, face-
to-face interviews, and completed questionnaires was collected from farmers. Also, the EIQ values related to the
pesticide use in these fields were collected through articles and reliable websites. The amount of environmental
effect of pesticides per hectare (EIQ-FUR) was obtained from the product of their EIQ value in the amount of
effective substance and the consumption amount per hectare. The amount of environmental damage of each field
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was calculated from the sum of EIQ-FURSs of pesticides consumed in that field per hectare. Finally, a classification
map of the extent of environmental damage to the studied crops was prepared in Ali Abad Katool county.
Results and Discussion

In general, among the pesticides used in these farms, the highest damage to farm workers is in the group of
herbicides related to Gramaxone, in the group of insecticides related to Phosalone, Chlorpyrifos, and Thiacloprid,
and in the group of fungicides, Mancozeb, Cyproconazole+Carbendazim, and Tebuconazole. Also, the fungicides
Tebuconazole, Cyproconazole+Carbendazim, and Thiophanate-methyl showed more damage to consumers, and the
risk of leaching in the environment compared to the group of herbicides, and insecticides. Investigating the
pesticides used and damage to the ecological components, two insecticides, Diazinon and Chlorpyrifos, were
introduced as the most dangerous pesticides on the organisms of the environment. Based on the average of these
damages, or in other words, the EIQ index for each pesticide, Cyproconazole+Carbendazim, Chlorpyrifos and
Diazinon, Tebuconazole and Imidaclopride 35 % and Imidaclopride 70 % were identified as the most dangerous
pesticides in the studied fields. The highest environmental effect of pesticides per hectare belongs to Mancozeb
fungicide with EIQ-FUR equal to 61.72. This fungicide has an average EIQ (25.72) compared to pesticides such as
Cyproconazole+Carbendazim, Chlorpyrifos and Diazinon, etc., but due to the high percentage of the effective
substance and the amount used in the potato fields of the region (3 liters per hectare), causes the most damage and
toxicity to the environment. Also, the increase in the frequency and amount of Trifluralin herbicide consumption in
potato fields (4 liters per hectare) has caused it to be introduced as the second most dangerous pesticide in the
region. In addition, the insecticides chlorpyrifos (1.5 liters) and diazinon (one liter) and the fungicide methyl
thiophanate (one liter) are respectively EIQ-FUR and have a higher environmental effect than other pesticides per
hectare unit and therefore more planning should be done in their use or replacement.

Conclusion
The distribution map of the environmental effects of pesticides in the investigated crops showed that most of the
canola and sugar beet fields were in the class of low and very low risk, while the potato fields were in the class of
medium and high risk. In other words, the environmental effect and pollution caused by potato cultivation has been
more than the other two crops. The increase in the consumption of fungicides and herbicides in potato cultivation
has led to increased damage to organisms and the environment.
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Fig. 1- The location of agricultural lands of Fazel Abad district of Ali Abad Katool county, Golestan province
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Table 1- Characteristics of canola, potato and sugar beet fields of Fazel Abad district in Ali Abad Katool county, Golestan

province
Jpnano 46 530 8loud UTM claie Corlus ol o S5 3,Sdas
Crop Field number XCoordlnateY Area (ha) System Number of sprays Yield (ton.ha)
1 295137 4092573 6 1 3 2.9
2 300581 4088272 8 1 3 2.2
3 301465 4089015 5 1 1 25
4 299916 4088809 3 1 4 2.1
5 302039 4087783 8 1 3 25
6 299997 4087238 2 1 2 2.0
7 300181 4087338 3 1 2 2.6
8 294522 4093715 1 2 1 15
9 298723 4098763 3 2 2 1.7
s 10 293678 4098678 2 2 2 1.8
11 293748 4099630 3 2 2 1.4
Canola 12 297537 3087018 10 1 4 2.7
13 295825 4098756 2 2 4 15
14 302203 4093146 1 1 3 29
15 299231 4093464 1 1 3 1.8
16 302589 4083643 3 1 5 3.7
17 295052 4090813 2 1 3 2.6
18 303257 4087851 2 1 1 2.0
19 297428 4095225 2 1 2 24
20 302534 4085716 2 1 3 2.2
21 295975 4089699 2 1 1 15
1 297905 4096026 12 1 4 30
2 301585 4085060 2 1 4 40
(0 J s 3 298311 4088557 8 1 4 28
Potato 4 298590 4089752 43 1 4 30
5 300900 4086500 9 1 3 40
6 299605 4094886 1 1 3 28
1 302409 4084450 12 1 4 50
e 2 296766 4089981 2 1 6 60
I 3 297513 4089929 12 1 2 50
Sugar beet 4 302223 4088009 5 1 2 40
5 297315 4101154 40 1 3 70

22 R 9 L;J PU&.‘, :)
1: Irrigated, 2: Rainfed

Ol 1y (F adlas) (65,8 5 g3l 0k Shogage Jold C
4 c5050 EIQ Juo sy pay (Kovach et al., 1992) aas .
Sygaods 45wl 1Sl Gyme ) bae il SleMbl
30,5 o dwbro i ) 0dddl)l (g dilee B,k jl dae S
; Bazregar et al., 2013; Kovach et al., 1992) (& 4Jslw)
(Gios etal., 2022
(V) Wslso
(V) Wsleo

E|Qi = (X1 + Xo + X3) /3
X1= C [(DTx5) + (DT*P)]
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X2 = [(CxPxSY) + (L)] (v) dsleo
X3 = [(FXP) + (TxPx5) + (ZxPx3)] (¥) aolxo

(@) Wsleo
EIQI = {C

[(DTx5)+(DTxP)]+[(CxPxSY)+(L)]+[(FxP)+(TxPx5)+
(ZxPx3)]}3
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Table 2- List of pesticides used in fields of Fazel Abad district in Ali Abad Katool county, Golestan province

Jypae ossedl o as 530 8 lows ossedl o 4 530 0 lowd
Crop Pesticide name Field number Pesticide name Field number
I .o, . - =&
P o 05 e ol . 3,6,8,9,10,11, 12, 14, 15
Carboxin Tiram All fields Gaucho
955 1,4,5,7,10,11,12, 14, 15, 16, 17, 19 g 1,2,4,5,7,8, 14
Folicur Gallant Super
RSl 3,9, 10,12, 13, 16, 20, 21 bl 2,4,5,6
Select Super Byscaya
Pl omsg 2,3,4,9,13, 20 052 12,16, 17, 20
Topsin M Diazinon
s o5 14,18, 19 s 12,15
Canol Malathion Lontrel
anola "
oS il 13 Oyl 15
Altocombi Cypermethrin
— 20 oty 8
Tilt Dursban
Focus Confidor
0995 6
Zolone
Pl oS 31,5 e ooled S 1,2,3,5
Carboxin Tiram Al fields Select Super T
)5"\:'595 1.3 4 J.‘:“?Jé.) 2.4
Confidor T Ridomil '
. Decis Cypermethrin
A8 ) lwred o 5L
Sugar beet o 5 vl 1
Durshan Diazinon
o on Jike 4 sh kg 1
Betanal Progress Fusilade Forte
by 5
Topas
<t 1,2,4,5,6 Oty 1,2,3,4,5
Paraquat Dursban
il 1,4,5,6 Jreses 1,2,3
R J Mancozeb T Ridomil o
Potato O jbd 1 el 3
Diazinon Alite
LJMS)" 3 u"‘ule)ﬁ) 2
Treflan Revral-TS
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Table 3- Components of Environmental Impact Quotient (EIQ) for pesticides used canola, potato and sugar beet fields of
Fazel Abad district in Ali Abad Katool county, Golestan province

o 3 o wG L2 WS sl
Components of pesticide environmental

83, & f‘_" oo ol impact quotient EIQ value
Class Commerical Common name asyie 45,6 :
name i oS Bpan U oy
Farm Consumer Ecological
worker
)—vwﬁ—JYlf )““’lJ‘:“" )]7‘;‘9%?“59]&
_ 13.98 4.86 69.00 29.28
Gallant Super Haloxy Fcép R Methyl
ster
gl FOY ogls 12.00 8.00 31.00 17.00
Select Super Clethodim 12 %
b=y sl 8.00 8.00 38.35 18.12
Lontrel Clopyralid
i e fS 11.50 4.77 48.01 21.44
il Focus Cycloxydim
S teligde (o3 +plisdo (b
Herbicide S Jib R
o9 O Cajlegdyil 7.10 2.55 43.59 17.75
Betanal Progress Fen Medifam + Des
Medifam + Autofomazit
4gb ks i shilsl 10.65 3.32 72.15 28.71
Fusilade Forte Fluazifop-P-Butyl
sl N 31.95 6.63 35.91 24.73
Paraquat Gramaxone
s gl 9.00 5.50 42.00 18.83
Treflan Trifluralin
owsik osil> 6.90 2.45 120.85 43.40
Basudin Diazinon
oheesg® u“’%’_g 18.00 4.00 108.55 43.50
Dursban Chlorpyrifos
o ot 6.00 3.00 68.15 25.70
Decis Deltamethrin
e Ol 9.00 4.00 69.00 27.30
LS o i Cypermethrin Cypermethrin
Insecticide s9adigS LRV 6.90 10.35 87.47 34.90
Confidor Imidaclopride 35 % ' ' ' '
bl bl 16.00 13.00 65.00 31.33
Byscaya Thiacloprid 24 %
9295 AV SlnslSlae 6.90 10.35 87.47 34.90
Gaucho Imidaclopride 70 %
0] olis 3750 2.75 58.25 32.80

Zolone Phosalone
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opYle opYle 9.00 4.50 58.00 23.83
Malathion Malathion
s Y0 Js3bsS 95 20.00 31.00 70.00 40.30
Folicur Tebuconazole 25%
. a8+ Jg5L6S pls
. P2y 90 »
el Cyproconazole+ 20.12 29.44 89.64 46.40
Altocombi -
Carbendazim
“‘l" J’?“’Sﬁm 8.10 15.15 59.28 27.51
Tilt Propiconazole
Phe oSl Phe oS5 9.25 4.25 25.83 13.12
Vitavax thiram Carboxin Tiram
< reegl) Jjgb 6.00 4.00 26.00 12.00
S Alite Fosetyl aluminium
- & Loy R
= by JaibeSs
12.00 13.00 45.00 22.23
Fungicide Topas Penconazole
s JeuS Ve 8.10 12.15 36.95 19.07
Ridomil Metalaxyl
Ploess’ e s 16.20 15.30 39.95 23.82
Topsin M Thiophanate-Methyl
235l 2ip5ile 20.25 8.13 48.79 25.72
Mancozeb Mancozeb
) o] 16.20 9.10 47.45 24.25
F;)d'wil‘iﬁ) Ipr(.)‘d.lolr;e 1841
evral-TS i 20.00 31.00 11750 5617
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Golestan province
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Fig. 11- EIQ value of pesticides used in sugar beet fields of Fazel Abad district in Ali Abad Katool county, Golestan province



VEoF Sl oyl IV o o (65,0las ol poy apis A®

20
18
F
(6]
5 15
2
= 12 12
8 10.65
2 10 9.25 9
S 71 - 6.9 6.9
= 6
o}
| I
o .
. > Ca P N & R NS o .
‘s&& »Qd &XQQ o‘b’(‘)o &6‘b¢ &&‘b"% *’0&0 @\Qo ] Q(-OQQ n>6°\ Q\&&
¢ & & & & ¥ E T
.&0 & QQJ v@ CJ® ﬁé‘ QQ é
g¥ S R C & 9
@0 Qé\ C @'
$
Pesticides

JFSUI e (s ol SUIISUS iy 28y 5150 )3 S CAT gl B paan 43 4 0 (155157 @1 sl 100 =V T JSCS
Fig. 12- Damage to farm worker of pesticides used in sugar beet fields of Fazel Abad district in Ali Abad Katool county,
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Fig. 14- Damage to ecological components of pesticides used in sugar beet fields of Fazel Abad District of Ali Abad Katool
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Introduction

Maize is a primary source of food for humans, livestock and industrial purposes. Silage maize is a crucial
feed crop on livestock farms worldwide, primarily used to enhance livestock productivity and performance. The
high utilization of maize for silage is attributed to its substantial green fodder mass production, high energy
content in dry matter, quality biomass, low buffering capacity, and high soluble carbohydrate levels. However,
improper use of chemical fertilizers in maize cultivation has led to soil and environment pollution and soil
quality degradation. Continuous use of these fertilizers can result in soil toxicity and deficiencies in essential
macro and micronutrients. Sustainable agriculture aims to reduce chemical fertilizer usage and enhance soil
nutrient cycling by substituting chemical inputs with organic fertilizers, thereby increasing yield per unit area
and improving agricultural product quality. Vermicompost, an organic fertilizer, enhances elements absorption
by crops by increasing root cell membrane permeability, stimulating root growth, and promoting root hair
proliferation. This experiment aimed to investigate the response of maize cultivars to different levels of
vermicompost and chemical fertilizers to optimize crop nutrition management and reduce chemical fertilizers
consumption, supporting sustainable agriculture.

Materials and Methods
This research was conducted at the Grizeh Agricultural Jihad Organization farm in Kurdistan Province during
the 2022 cropping season. The experiment was designed as a split-plot based on a randomized complete block
design with three replications. The main factor included different fertilizer levels: Control (no fertilizer),
vermicompost at 5 ton.ha?l, vermicompost at 3.75 ton.hal + 25% recommended chemical fertilizer,
vermicompost at 2.5 ton.ha® + 50% recommended chemical fertilizer, and 100% recommended chemical
fertilizer (150 kg.ha* of urea + 200 kg.ha'! of superphosphate + 50 kg.ha™* of potassium sulfate). The subfactor

©2023 The author(s). This is an open access article distributed under Creative Commons
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included three maize cultivars: SC 704 (120 days, mid-ripe), ZP 600 (110-120 days, mid-ripe) and Album (90-95
days, early). Data were analyzed using SAS 9.1 software, and mean comparisons were made using the LSD test.
Graphs were created using Excel software.

Results and Discussion

Results showed that the highest contents of grain nitrogen, phosphorus, oil and starch were observed in the
treatment of 2.5 tons of vermicompost per hectare + 50% of the recommended chemical fertilizer. The highest
grain yield (8.85 ton.ha) and dry forage yield (20.24 ton.ha) were also observed in this treatment. The highest
amount of silage fodder protein content was obtained from the treatment of 100% recommended chemical
fertilizer. The highest forage protein yield was observed in the treatment with 100% of the recommended
chemical fertilizer which did not show a significant difference compared to the treatment with a combined
application of 2.5 tons of vermicompost per hectare + 50% of the recommended chemical fertilizer.
Additionally, the highest percentage of silage fodder ash and neutral detergent fibers were found in the treatment
of 2.5 tons of vermicompost per hectare + 50% of the recommended chemical fertilizer. No significant
difference was observed between the studied cultivars in terms of grain and forage yield; however, the grain oil
and starch content in the SC 704 cultivar was higher than in the other cultivars studied. Among the reasons for
the increase in grain and forage yield in the integrated treatments of chemical fertilizer and vermicompost, we
can mention the greater compatibility between available soil nitrogen and plant needs in integrated levels. So that
at the beginning of growth, when the nutritional requirement is low, the amount of inorganic nitrogen in organic
fertilizers is lower than that of chemical fertilizers, but in the stages of reproductive growth, due to the
continuation of the mineralization process, absorption continues for a longer period of time.

Conclusion
The combined fertilizer treatment of 2.5 tons of vermicompost per hectare + 50% of the recommended
chemical fertilizer was superior to other fertilizer treatments concerning most traits related to the quality and
yield of maize grain and forage. In general, the use of organic manures such as vermicompost, while
significantly reducing the consumption of chemical fertilizers, can reduce the harmful environmental effects
caused by their use.

Keywords: Crude protein, Grain starch, Neutral insoluble fibers, Organic matter
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Fig. 1- Mean temperature and total monthly rainfall in 2022 at the site of the experiment
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Table 1- Characteristics of the soil of the research farm and vermicompost used in the experiment

SR S oS 29
Characteristic Soil (0-30) Vermicompost
st =y B
Texture Clay loam
bl ojlae STy jasls 81 ,
pH -
Sl colan
EC (ds.m-}) 0.582 1.55
Lj odlo
1.53 27.39
Organic matter (%)
8 Oens
0.08 1.37
Total N (%)
ooyt BB iy
421 1
Available K (mg.kg?) 3300
A 4.6 8200

Available P (mg.kg?)
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Ll 0 yoyl58 (Shirkhani et al., 2019)

Cheema ) a il o 4l (2365 Folaw ;o 3 Sdas iol58l LYo
sySlae il _isloj] b (Tufa, 2023) g (et al., 2010
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Table 2- Analysis of variance for the effects of individual and combined application of vermicompost and chemical fertilizer
on the yield and quality characteristics of seed in three maize varieties

. ™ . o€ 1 . . bnd | ¢la sl | elox
s gilie @ whasls  IPETT oignSle i gliee  THIEPTE SRS S
SO.V. &1 Grain 4‘_'"’ ) FHN &l ‘“_"’ _M"
df  vield Grain oil Grainoil yield ~ Grain N content Grain P Grain starch
content content content
)‘_’SJ . 2 7.47" 0.139"m 4.36™ 0.03m 0.0007 " 19.30"™
Replication
b?s_ 4 77.83™ 18.59™ 231407.14™ 2.077 0.0184™ 168.8™
Fertilizer
) s
8 3.89 0.25 196.97 0.02 0.0002 24.83
Error 1
“’5_) 2 5.02m 1.96™ 2398.51" 0.016™ 0.0001" 130.97™
Cultivar
Nlecdl 8 1.947 0.15" 249.26 ™ 0.020" 0.0001" 29.23"
Fertilizerx cultivar
Y s
20 2.53 0.06 676.19 0.024 0.0003 20.11
Error 2
el 21.3 6.2 8.3 12.4 10.8 7.0
CV%
Al 6yl e it g 2o yd K Jlain] o )3 6yl gime oimd LS Los ey NS 5 FF
non-significant, *: significant at P<0.05, **: significant at P<0.01, respectively. ns:
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Table 3- Mean comparison of the effects of fertilizer and cultivar on grain yield and quality characteristics of

maize
09 090 8kes .
. &l 3,Sos . . e &1 dwlis
ol o Grain yield b > I 039 I3 s Grain
Treatments Levels (ton thl) Grain  Grain oil yield Grain N (%) Grain P (%) starch (%)
' oil (%) (kg.hal)
a1 5.14¢ 2.28¢° 114.27¢ 0.72¢ 0.106¢ 59.4b
oS az 6.97° 2.99d 202.514 0.88¢ 0.124¢ 62.0°
Fertilizer as 8.332 4.96 411.26° 1.17¢ 0.139¢ 62.7°
a 8.852 5.832 512.052 1.872 0.218? 70.92
as 8.102 4.10¢ 327.36°¢ 1.58° 0.180° 63.9°
LSD 5% 0.97 0.54 25.29 0.17 0.016 3.83
SC 704 7.732 4.422 353.242 1.262 0.1542 66.30?
CuTt?var P 600 7.528 3.71° 289.31° 1.252 0.1532 60.50°
V;’é Igm 7.202 3.96% 298.01° 1.202 0.1522 64.592
LSD 5% 0.74 0.48 21.85 0.13 0.014 3.77

2 CuwgsaS 0y9 op V0 84 0sdbdnogi (olesd 365 dopd YO + )lSe 13 CuvgeeS oyg o5 YIVO 83 )liSe )3 CuvguoS oyg gy 182 (295 B puas pis) Jalis :A1

olddpog (olowd 355 Ao )d Vo v 185 ldbdnog (oliewd 365 Joyd B0 + S

a,: Control (no fertilizer), a,: 5 ton.ha™ of vermicompost, as: 3.75 ton.ha ! of vermicompost + 25% recommended chemical fertilizer,
a,: 2.5 ton.ha vermicompost + 50% Recommended chemical fertilizer, as: 100% recommended chemical fertilizer

13,5 @) Sois abgle 3y Slae ol el b oy Ve
.(Pourjamshid et al., 2023)
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Table 4- Analysis of variance for the effect of different levels of fertilizer on yield and quality of three maize cultivars

' -y gy Sa 53 Jglomoli LI 53 Jglomoli LI ) ddgle 3,1
Oyt gl i S . S Dy g daol DN ges A9 3,5
&t P adgle > Dl g S Lad KA
S.0V df Crude ASH Neutral Acid detergent ~ Protein yield Drv forage vield
protein detergent fiber fiber y gey
"’SJ . 3.00m 0.55m 7.00m 5.13™ 63453.09 ™ 12.73™
Replication
3_55_ 4 78.89™ 10.76" 413.55™ 242.67™ 4403856.67"" 96.85™
Fertilizer
E\rruoajl 8 3.04 1.95 14.34 7.55 45813.72 14.89
c T;’ ar 2 1.32" 0.68™ 41.54m 130.39™ 778.93™ 10.54m
UltIvi
) %355
Fertilizer x 8 2.61" 1.59" 10.41"s 4.31m 631.33 "™ 4.97m
cultivar
Y s
E 9 20 3.01 143 13.68 6.32 34350.08 7.83
rror
et 20.9 29.3 10.0 8.1 12.35 16
CV (%)

Al o 6yl e g o yd Ky o yd guin Jlesn e 53 (> ime okimd )i cus iy 5 FF K
non-significant, *: significant at P<0.05, **: significant at P<0.01, respectively. ":
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Table 5- Mean comparison of different levels of fertilizer and cultivar effects on dry forage yield and quality

Lo Colw Sl b g 53 Jglowls BUI o9 °’_$1°‘ Suid adgle 3 Slos
Treatments Levels Acid detergent fiber (%0) Prg:slﬂgi)eld Dry forage yield (ton.ha?)
a1 35.22 674.37° 13.12¢
568 a 34.32 861.25¢ 15.63¢
Fertilizer as 29.0° 1804.85° 19.512
as 24.6° 1922.83% 20.242
as 26.4%¢ 2272.25% 18.67%
LSD 5% 2.98 367.27 2.19
SC 704 33.92 1513.162 17.65°
f"é_) ZP 600 28.9° 1499.05% 17.26%
Cultivar 5
£ 26.6° 1508.942 17.492
Valbom
LSD 5% 2.11 221.65 1.86
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a: Control (no fertilizer), a,: 5 ton.ha™* of vermicompost, as: 3.75 ton.ha™ of vermicompost + 25% recommended chemical fertilizer, a,: 2.5 ton.ha™*
vermicompost + 50% Recommended chemical fertilizer, as: 100% recommended chemical fertilizer

(a)

(b)
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Fig. 2- The effect of fertilizer levels on crude protein (a), ash (b) and neutral detergent fiber (c) of
maize silage fodder
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ai: Control (no use of fertilizer), a2: 5 t. ™ of vermicompost, as: 3.75 t. h'! of vermicompost + 25% recommended

chemical fertilizer, as: 2.5 t. h'* vermicompost + 50% Recommended chemical fertilizer, as: 100% recommended
chemical fertilizer
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Introduction

Wheat (Triticum aestivum L.) is one of the most important and widely consumed crops in the world. Changing
the density towards an optimal density can alter the ratio of soil evaporation to plant transpiration in such a way that
water use efficiency improves. One of the branches of crop science and crop physiology is crop modeling.
Quantifying the growth and development of a crop in response to environmental conditions in a system is called
modeling, which helps the user make better decisions about crop management. One of the simple models of crops is
the SSM model, which provides a simple simulation for estimating yield and phenological stages of various crops.
Models have the ability to be used with physiological and ecological analysis based on research and empirical
observations. The aim of this experiment is to evaluate the SSM-Wheat model under different density conditions
and late-season drought stress.

Materials and Methods

This experiment was conducted in the cropping year 2021-2022 at the Gorgan Agricultural Research Station.
The factorial experiment included factors such as plant density at six levels (200, 250, 300, 350, 400, and 450 seeds
per square meter) and genotype at six levels (N-93-9, Taktaz, Araz, Arman, Kalateh, and Tirgan). In this study, the
SSM-Wheat model was used to simulate the growth and development of bread wheat. The meteorological data file,
including precipitation, total sunshine hours, average relative humidity, average temperature, and average maximum
temperature, was collected daily and defined in the model. The parameters related to soil characteristics were
considered from the base data of the model. To evaluate the model, the coefficient of determination (R2), root mean
square error (RMSE), normalized root mean square error (nRMSE), and the 1:1 line were used.
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Results and Discussion

The results of the model, using statistics based on the differences between simulated and observed values,
including the coefficient of determination, root mean square error, normalized root mean square error, and the 1:1
line, showed that the model was able to accurately estimate the main phenological stages of days to emergence, days
to flowering, and days to physiological maturity. The highest coefficient of determination was obtained for days to
emergence, days to physiological maturity, and days to flowering, at 0.97, 0.77, and 0.71, respectively. The root
mean square error (RMSE) for these traits was 2.8, 4.9, and 8.8, respectively. However, the traits "days to tillering"
and "days to stem elongation™ were estimated with lower accuracy, with a coefficient of determination and RMSE of
0.44 and 15.2 for days to tillering, and 0.17 and 6.8 for days to stem elongation, respectively. The results suggest
that with an increase in maximum, minimum, and average temperature, and annual precipitation, the number of days
required to reach each phenological stage decreases, which is logical. The maximum and minimum model-predicted
values for grain yield were 410.4 and 547.6 grams per square meter, respectively, with a mean of 467.8 grams per
square meter. The coefficient of determination and root mean square error for grain yield were 0.63 and 35.3,
respectively. The distribution of simulated and observed points for the main phenological stages of days to
emergence, days to flowering, and days to physiological maturity, as well as grain yield, fell within the 1:1 line
range, indicating the model's high accuracy in predicting yield.

Conclusion

In general, the results showed that the SSM-Wheat model was useful in simulating the main stages of wheat
phenology and its performance under different conditions in different cultivars. The evaluation of the model using
statistical indices of the coefficient of determination and root mean square error also confirmed the model's strength.
Overall, the present study confirmed that SSM-Wheat is a simple, robust, and transparent model suitable for
agricultural applications aimed at improving technical decision-making in crop management. In general, according
to the results obtained for the SSM-Wheat model, it can be used for correct management in terms of the density and
suitable cultivars of wheat cultivation in the field and its performance analysis in Gonbad Kavus weather conditions.

Keywords: Grain yield, Normalized root mean square error, Phenological Stage, Root mean square error
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Table 3- Meteorological statistics of Gonbad Agricultural Research Station in the experiment year (2021-2022)
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Table 4- Mathematical and statistical parameters related to the various traits studied by the model and field experiments
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Fig. 1- Simulated versus measured days to emergence (a) and tillering (b) of bread wheat genotypes
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Fig. 2- Simulated versus measured days to stem elongation (a) and tillering (b) of bread wheat genotypes
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Fig. 4- Simulated versus measured accumulated grain weight of bread wheat genotypes
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Introduction
This comprehensive study investigates sustainable energy solutions for rapeseed oil production through a
comparative analysis of three distinct operational scenarios: conventional non-renewable energy systems,
photovoltaic solar energy implementation, and canola residue gasification technologies. The research was conducted
across two major production facilities, Behpak factory in Behshahr, specializing in oil extraction, and Ghoncheh
factory in Sari, handling refinement and packaging processes, to evaluate environmental impacts under different
energy regimes.

Materials and Methods
Using advanced modeling approaches, the solar photovoltaic system was meticulously designed in HOMER
software while gasification processes were simulated through MATLAB, with all primary operational data obtained
through extensive interviews with factory engineers. The life cycle assessment (LCA) was performed using SimaPro
software with the ReCiPe 2016 model, analyzing every 1000 kg of packaged rapeseed oil output across three
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fundamental categories: human health consequences, ecosystem quality preservation, and resource utilization
efficiency.
Results and Discussion

Simulation results showed that gasification technology achieves optimal performance within an equivalence ratio
range of 0.20-0.45, with detailed analysis indicating that exceeding this range significantly reduces both gas yield
and system efficiency. At the optimal equivalence ratio of 0.3, the system produced 1,069 kWh of electricity and
2,567 kWh of thermal energy per 1,000 kg of processed oil, representing a substantial improvement over
conventional methods. The solar photovoltaic implementation, comprising 5,700 panels, demonstrated remarkable
capacity by generating 7.15 million kwh annually, exceeding the factories&#39; energy requirements by 2.9 million
kWh. However, an environmental impact analysis revealed crucial differences between the renewable alternatives.
While gasification showed a 35% reduction in environmental burdens (45.13 environmental points versus 69.29
points for conventional systems), the solar scenario achieved a more modest 14% improvement. This discrepancy
primarily stems from the shift in pollution sources — where conventional systems showed electricity consumption
accounting for approximately 50% of environmental impacts across critical categories including global warming
potential, ionizing radiation effects, ozone formation, particulate matter generation, terrestrial acidification,
ecotoxicity, and fossil resource depletion, the renewable scenarios revealed polyethylene packaging materials as the
new dominant pollution source. A detailed examination of impact categories revealed that in renewable energy
implementations, polyethylene contributed 60-75% of the remaining environmental burdens, significantly
influencing multiple indicators, including climate change metrics, aquatic toxicity parameters, and resource
depletion indices. The human health category emerged as the most severely impacted across all scenarios, with
particular concern for carcinogenic potential and respiratory effects. Comparative analysis demonstrated that while
renewable energy adoption effectively addresses energy-related impacts, it simultaneously highlights material-
related challenges that require urgent attention. The gasification scenario, while showing superior overall
performance, still exhibited significant impacts from polyethylene inputs, whereas the solar scenario revealed
additional concerns related to battery storage systems and water consumption throughout the production chain.
These findings carry important implications for sustainable oil production. The study confirms that canola residue
gasification represents the most environmentally favorable option among examined alternatives, capable of meeting
approximately 50% of energy demands while significantly reducing ecological footprints. Solar photovoltaic
systems, while technologically viable and capable of substantial energy generation, show somewhat limited
environmental benefits due to persistent packaging-related impacts. Crucially, the research identifies that a
comprehensive sustainability strategy must address both energy sources and material inputs, particularly focusing on
polyethylene alternatives, to achieve meaningful environmental improvements. The quantitative outcomes provide
clear guidance for policymakers and industry stakeholders, with non-renewable systems scoring 69.29
environmental points, gasification at 45.13 points, and solar at 59.48 points in the ReCiPe 2016 evaluation.

Conclusion

This investigation makes significant contributions to the field by: (1) Quantifying the precise equivalence ratio
range for optimal gasification of canola residues; (2) Demonstrating the energy surplus potential of solar
implementations in industrial oil production; (3) Revealing the critical shift from energy-dominated to material-
dominated environmental impacts in renewable scenarios; and (4) Providing concrete data comparing three
operational approaches using standardized LCA methodology. The results underscore the necessity of integrated
solutions combining optimized energy systems with sustainable material choices to advance environmental
performance in edible oil production.
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Fig. 1- Crude oil production process in Behpak oil factory
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Fig. 2- Refined and packaged oil production process in Ghoncheh factory
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Fig. 3- System boundary in the first scenario (conventional mode: Energy supply using non-renewable energies)
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Fig. 4- System boundary in the second scenario (energy supply using solar photovoltaic energy)
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Table 1- Final and approximate analysis of rapeseed residues
o 501

25 U]
Approximate analysis Final analysis
(Wt%o) (Wt%)
o) R
3| sk dosle  AbCus . -
I e, 2 oS O o 8F s
AU pumidiy 7 2 c H N s o
HHVdry Ash  substance  pjyeq
(Mj.kg™) C
SE 3
45T 14.04 6.18 5.01 62.89 25.55 40.94 5.52 0.8 0.53 51.53
o=
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Fig. 5- System boundary in the third scenario (energy supply using rapeseed waste gasification technology)

sbol a5 ()Brentrup et al., 2004) 54, 1SO 14040 5 lsle!
sbaczg 5 (65 g 0lse) Lisdgys 5l i td il (pise ol
48 Cul (93,5, oy clin pp oad oS (Cunj Laseo & L)
dg-de adyS p L5 > Sl Gyl Al je sl (63959 Glyis s

(Guinee & Lindeijer, 2002)

St (e g i S O 5t o0l )
slac s 51 S pn g 0395 plio Bpas | Jols sloossY]

L gillae a2 pe anly ol 5 Joae 2l Wi b b ye



VEF Hle doylods AV ol ((6559LiS (wlbisd pgo 4y p25

\YY

(Js! g92,6uw) (59, M55 030235 53 03Likus! 390 (031> (anadd (ljae - Jgoar
Table 2- The amount of data allocation used in the oil production chain (first scenario)

0 03lo £33 sl oo
Type of consumable Unit Value
ol Lit 5.8
Hexane
u—éJ‘““’ )‘Lf Jf ) m3 48.02
Total gas consumption
Graedn kW 245.4
Total electricity consumption
Consumable steam
S5 g9y work day 3.8
Labor force
bt kg 0.14
Electric motor
! kg 0.24
Steel
cli 5 Ol kg 0.36
Iron and metals
S S kg 0.1
Citric acid
S sl kg 0.75
Phosphoric acid
Sl glgsl kg 1
Types of acids
Wodog b mle SwlSogu kg 6.46
Liquid caustic soda with boheme 13 '
cdn SE kg 5.44
Perlite soil
o S kg 35
Bentonite soil
Shos = sals colast o kg 0.08
Solid antioxidant - edible TBHQ
Oral propylene glycol
ol s work day 3.2
Labor force
Electric motor
! kg 0.13
Steel
clit s ol kg 0.19
Iron and metals
o kg 0.028
Copper
Sy sz £l kg 0.5
Types of adhesive tape
S kg 0.03
Label glue
Sablb oy kg 4.6

battery door
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Carton
Jsd
Label
) aS” ol
Nylon bag
p.et
Yellow masterbatch p.e.t
hrae ol IS
Total water consumption

kg 12.2
kg 0.63
kg 1.55
kg 27.29
kg 0.28
m3 2.77
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Table 3- Extracted materials in the biomass energy gasification system of rapeseed residues

03wl 390 dlge (2555LS) walg
Materials used Unit (kg)
0395 ot (il 0.0004
Biomass Storage
)$9e 0.000018
Motor
oS 0.00005
Belt
35 S I 0.0004
Biomass conveyor
0395 Caunsyj 5lo;8 0.012
Biomass gasifier
Ol 5 25 0.0005
Cyclone dust collector
55 0.004
Air cooler
S8 A 0.005
Gas cooler
ESP 0.008
&5 A 0.006
Gas cooler
o7 i 58 0.001
Gas dryer
Al g5 0.002
Buffer tank
5 Jne 0.00005
Gas flare
B gl55 dcgeme 0.0225
Gas generator sets
e 0.00008
Blower
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Table 4- Extracted materials in the third scenario (use of solar energy)

Pyan Sy g4
Type of consumable

‘5.\....»)9> i
Photovoltaic panel

alg o))l
Unit Value
m?  0.005
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Table 5- Results of rapeseed gasification modeling

I3 Sl S 0o 025 03 035 04 045
Canola equivalence ratio
Oigre 1673 1577 1479 1371 1247 11.09
Hz (vol %)
05 demS5ie 2089 2213 2275 2291 2262 21.99
CO (vol %)
05 ST 62 1754 1537 1388 1287 123 12,07
COz2 (vol %)
oo 514 358 233 133 057 001
CHa (vol %)
Oi9 A 3946 43.07 46.17 49.08 5192 547
N2 (vol %)
Somb Sl ohi)
LHV (MJ.m?3) 6.28 5.78 5.3 4.85 441 3.97
Silw G5B gled
T gasification (k) 1039 1075 1113 1155 1198 1243
Sl S5 ol 168 192 215 236 255 273
Vg (m3gas.kg* canola)
el 6532 6833 69.95 69.65 67.56 64.4
Efficiency (%)
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Table 6- Electricity and heat produced using a rapeseed gasification system

il Comg S I I $irl Wy W JRN g7 A g g Oyl g Oyl
Equi The amount of Energy Electricity Electricity Production Production
quivalence : - .
ratio gas produced production production production heat heat
(m3) (MJ) (MJ) (kWh) (MJ) (kwh)
0.2 4053.00 25452.82 3358.87 933.02 8061.29 2239.25
0.25 4605.55 26620.11 3674.01 1020.56 8817.63 2449.34
0.3 5142.23 27253.84 3851.03 1069.73 9242.47 2567.35
0.35 5595.48 27138.08 3818.38 1060.66 9164.12 2545.59
0.4 5968.79 26322.38 3592.29 997.86 8621.50 2394.86
0.45 6320.47 25092.27 3264.38 906.77 7834.52 2176.26
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Fig. 6- The contribution of inputs on the intermediate indicators of oil production in the scenario of using non-renewable
energies
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Fig. 7- The contribution of each of the oil production stages in the amount of each of the impact groups in the second scenario
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Introduction

The global population is currently estimated to exceed 8 billion and is projected to reach approximately 10
billion by 2050. To meet the food demands of this growing population, global food production must increase by
about 70%. However, several challenges hinder this goal, including changes in agricultural land use,
environmental issues, declining soil fertility, water resource shortages, and the slowdown in yield growth of
major cereals over recent decades. These challenges undermine the possibility of doubling global food
production within the mentioned time frame. Therefore, strategies to increase yield potential and reduce the yield
gap are critical components of achieving sustainable food security with minimal environmental harm. The yield
gap is defined as the difference between potential yield and actual yield, which often exhibits significant
variability. Inadequate agricultural management practices, such as improper planting dates, suboptimal seed
rates, insufficient plowing, improper fertilization, nonuse of herbicides, and inefficient irrigation, are the main
contributors to yield gaps in grain production.

Materials and Methods
This study was conducted to estimate the yield gap, identify the factors contributing to it, and determine the
contribution of each factor in Lorestan province, covering counties with varying climatic conditions, including
Khorramabad, Durood, Kouhdasht and Nourabad. For this purpose, management information from 240 irrigated
wheat (Triticum aestivum L.) farms was collected during the 2022-2023 season. The yield gap was determined
using the comparative performance analysis (PCA) method.
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Results and Discussion

The results showed that the average yield in the surveyed farms in Khorramabad, Doroud, Kouhdasht, and
Nourabad county was 5002, 5563, 4183 and 3333 kg.ha, respectively, With improved management, these
yields could potentially increase to 10936, 11815, 6218 and 10936 kg.ha. Based on the findings: in Nourabad,
the most influential factors in the yield gap were the amount of phosphorus fertilizer used (1004 kg.ha), number
of plowing operations (320 kg.ha), amount of manure used (60 kg.ha') and harvest date (202 kg.hal). In
Kouhdasht the yield gap was primarily due to the number of irrigations (1049 kg.ha'), nonuse of pesticide (353
kg.hal), use of the Kouhdasht variety (463 kg.hat), and lodging (170 kg.ha). In Doroud, the use of Talaee
variety (1951 kg.ha), number of top-dress fertilizer applications (1598 kg.ha?), inclusion of corn in crop
rotation (1083 kg ha*), farmer's background (826 kg.ha*), nonuse of herbicide (82 kg.ha), and farm area (469
kg.ha). In Khorramabad, sugar beet rotation (3246 kg.ha), number of irrigations (1269 kg.ha™), planting date
(841 kg.ha'l), pre planting irrigation (463 kg.ha*), nonuse of herbicide (40 kg.ha?), lodging (74 kg.ha) were
identified as key contributors to the yield gap.

Conclusion

The yield gap ranged from 1587 kg.ha! (32%) to 6252 kg.ha! (53%). The main factors contributing to the
yield gap due to suboptimal management included the frequency of top-dress fertilizer applications, number of
irrigations, crop cultivar selection, crop rotation practices, herbicide use, pest and weed control, as well as the
amount and application methods of chemical fertilizers. The achievable yield gap across the studied climates and
counties was estimated to range from 1,586 to 5,002 kg.ha™'. Assuming an average achievable yield gap of 3000
kg.ha!, and considering the area under irrigated wheat cultivation in the province, optimizing management
practices could result in an annual wheat production increase of 148488 tons. This increase corresponds to
approximately 80% of the province’s irrigated wheat production and 42% of its total wheat production. Since
variables such as crop rotation, use of appropriate cultivars, number of irrigations, number of plowings, and
planting date have a greater impact on the yield gap, optimizing these factors can significantly boost irrigated
wheat yields. Considering the cost—income ratio, such optimizations would also be more profitable for farmers in
the studied counties.

Keywords: Actual yield, Herbicide, Irrigation, Nitrogen, Potential yield
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Fig. 1- Relationship between estimated yield and actual yield in Kouhdasht (a), Doroud (b), Khorramabad (c) and Nourabad
(d) Counties
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Table 2- Quantification of wheat yield gap in Kouhdasht county and the contribution of each variable in the model

Joesa Cu o AS 450 33 b 5 p5 05101 p3lie Joe b ssddmwlxe p0lie 5yShos M5
Coefficient _Values measured in the field Values calculated by the model  Yield gap KW
Variable Ry Calo il gl ,lado
Average Optimum Average Optimum Value Percentage
Bee o2 4740.98 1 1 4740.98 4740.98 - -
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Pesticide
i -1023.98 1.66 1 -1194 -1023.98 170 8
Lodging
55kt - - - 4183 6218 2035 -

Yield
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Fig. 2- Contribution of key factors to yield gap formation in Kouhdasht county
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Table 3- Quantification of wheat yield gap in Doroud county and the contribution of each variable in the model
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Average Optimum Average Optimum Value Percentage
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Fig. 3- Contribution of key factors
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Table 4- Quantification of wheat yield gap in Khorramabad county and the contribution of each variable in the model
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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.

Keywords: Bacteria, Flowering period, Growth regulator, Oil percentage
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Table 2- Physical and chemical properties of soil in the experiment site
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P K I 0jer
Total N (%)

(mg.kg?)
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7.4 15.1 217 0.179
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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

S 13 2y SolS Ve 9 ¥ o s 4w 53 (S) 3,555 9 LS )3 £, Sl YV 5 VA Ax e s Jlaz 53 (N) joys
il o daoyd gy e )0 Bjlasd (g1 dime pas odmd LS wlie CBgys
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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