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Introduction

Many agricultural lands in Guilan province of Iran, especially paddy fields, remain uncultivated in the second
half of the year due to various reasons including heavy rainfall, low soil permeability (stickiness of soil particles)
and inefficiency of the existing drains. Mole drainage as a low-cost drainage method, proportion for rice cultivation
conditions and easier to implement than pipe drainage, can be a suitable solution in the development of second
cropping. Due to the oil content of 40% of the seed, the rapeseed plant is one of the valuable oil plants and has the
ability to be cultivated as a second crop in paddy fields. Nitrogen plays a key role in the performance of plants and
its deficiency causes limitations in plant production. Equipping paddy fields with mole drains along with the
application of appropriate level of nitrogen fertilizer can increase the quantitative and qualitative yield of rapeseed
as a second crop and contribute to the food security of the country. Therefore, the development of the cultivated
area of rapeseed in paddy fields after rice harvesting in Rasht region, the study of the combined effect of mole
drainage and different levels of nitrogen fertilizer on yield and yield components were the aims of this project.

Materials and Methods

In order to investigate the effects of mole drainage and nitrogen fertilizer on the yield and yield components of
rapeseed as a second crop in Rasht rice fields, a factorial layout based on a randomized complete block design with
three replications at the research field of the Faculty of Agricultural Sciences of Guilan University was implemented
in the crop year of 2022-2023. The factors included mole drainage at three levels (without drainage, without gravel
and with gravel) as DO, D1 and D2 respectively, and nitrogen fertilizer as urea source at two levels (180 and 240 kg
ha') as N1 and N2 respectively. Rapeseed plant (Brassica napus) of Delgan cultivar was selected as the second crop
after rice harvest. To carry out the experiment, at first the desired land was blocked and divided into plots, then the
underground drains of mole were created without gravel and with gravel with a special blade in the desired plots. To
drain the drainage from the mole drains, the polyca pipe was installed at the end of each mole tunnel, then the other
side of polyca pipe was connected to the sub-pipe collection and finally led to the main surface drain. This experiment
was conducted in 18 plots and each one was 9 x 6 meters. The distance between plots was 1.5 m, between replications
was two meters, and the distance between plants was 15 and between rows was 25 cm. To avoid the effectiveness of
drainage treatments from undrained treatments, undrained plots were considered at the end of the field. Before
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cultivation, basic chemical fertilizers, 200 kgha' of potassium from potassium sulfate source and 200 kgha' of
phosphorus from ammonium phosphate source were applied. Nitrogen fertilizer from urea source was applied at the
level of 180 and 240 kgha™ in equal amount at three stages. Just before the harvest stage, to determine the traits of
the number of seed in the pods of sub-branches, the number of seed per pod, the weight of seed in sub-branches, the
weight of seed in the main branch and the weight of seed per plant, ten plants were randomly selected and harvested
manually from the crown area. Also, to determine the seed yield, one square meter was randomly selected from each
plot, taking into account the borders, and the bushes were manually harvested from the crown area. After the moisture
content of the seeds reached the desired level, the seeds were separated from the pods and weighed using a laboratory
scale with an accuracy of one thousandth of a gram, and the seed yield was calculated in kgha. SOXTEC SYSTEM
HT 1043 Extraction Unit set was used to determine oil percentage and Kjeldahl set was used to determine seed protein.
Statistical analysis of the data was done using SAS software (version 9.4) and comparison of means was done using
the minimum significant difference test at 5% probability level. Excel software was used to draw the graphs.

Results and Discussion

The results of variance analysis of the data showed that the interaction effects of mole drainage and nitrogen
fertilizer on the traits of seed weight in the main branches, seed weight in the plant and seed yield was significant at
5% probability level, so that the highest seed weight in the main branch with 0.733 seeds in the mole drainage with
gravel with a nitrogen fertilizer level of 180 kgha™ (D2xN1) treatment was obtained and the highest seed weight in
the plant with 1.443 g in the mole drainage without gravel with a nitrogen fertilizer level of 240 kgha' (D1xN2)
treatment was obtained. Also, the highest seed yield was obtained under 3579.48 kgha™ in the treatment of mole
drainage without gravel using 240 kgha* of fertilizer (D1xN2) which is compared to the treatment of without drainage
and drainage with gravel with the same level of fertilizer 13.63 and 2.31 percentage was higher, respectively. In
addition, rapeseed plant is more important in terms of oil percentage, no significant difference was observed between
drainage and nitrogen fertilizer treatments in terms of average oil percentage. Therefore, the mole drainage treatment
without gravel with a fertilizer level of 240 kgha (D1xN2) is the most suitable option for rapeseed cultivation as the
second crop after rice harvesting.

Conclusion

The results of this study showed that mole drainage without gravel by improving soil ventilation conditions and
preventing waterlogging of paddy fields along with the level of nitrogen fertilizer of 240 kgha* increased the yield of
rapeseed compared to the condition of without drainage at the same level of nitrogen fertilizer. Therefore, rapeseed
cultivation in vast paddy fields after rice harvesting can be recommended as a basic solution in order to increase the
production of oilseeds and provide part of the country's oil consumption.

Keywords: Delgan cultivar, Number of seed in a pod, Oil percentage, Protein percentage, Seed weight



SL g ol @i
https://jsw.um.ac.ir

AT A,

VoV-YY Ve o VY 5msls s oY o lad YA ol

IO o‘ggal‘,&ﬂ‘}s ajﬂﬁﬁsl}ngbﬂaﬁﬁ&jjﬁ:;j&ydyg@jﬁt

MJ&:\AJJ ‘5)‘5,;3\.:! ‘;sb‘J| CJD

oty dame =T SR e e 0L 0l S el
VEYANN/0) 13l 55

\f"‘/'Y/'\ :U;‘J'-’-'L- @)U

LRV

e B 5 LS gty lefl S 5 Sl il 5 5,80ac g2 555055 355 Capte 5 (ot (205 Gl 51 (gt ssbind
i dzBlS |l Al pody WWANNFY ely Sl 0 S oRuisly (g)5liS pale 00l  Sliind ds e 40 )L,SS dw 3 Bolad JolS slacSsl
s1a 5 (D2) Sy b (rpnd¥ 2505 5 (D1) S spit sipmtd (52505 sl Do) (505 gt ol 25 ot bl (slac
o5, (Brassica napus) 135 sbs sisg: (N2) JUS > p S5k ¥+ 5 (N1) [ 1 p,S5bs VAo 2els gl o J 553555 35 o (23
9 = LB ) aly g p iS5 sles B &S ol i ledly (g)lel o8 gl b Gl gy Cublyy I an pgd cutS olS lgiea
08 a3l M 3 aild dlaws 398 Jlas Sl g dPSe/oV) wild 5,Sdas g d5g0 40 &ild 459 o ool 45U 3 &by 39 0 9 (PS/40) (pgp Joyd
Cpyid g I gime (P<e/+0) &ils 3,Slas g g y> b ()39 ¢ ol aLs )3 aild 139 p ool bl 51 g (P<+/-0) BMe yo ;5 il slaw
38 aaw olon b JglyS b iSa) g Sm) gb Hled b duwlie 13 a8 del cuwnsy D1IN2 jlas p3 )l p,5olS YOVA/FA L il 5 ,Slas
U395 055 9 (1S85 slblesd g 3,15 Cad] (29 203 53 Slae L SIS oS 45 Ll 5l gy iy oy YIVY 9 \YIFY (i (5950
395 g b JglhS (g (oB9edY (oS jlasd ol 3 )Shos o803 Sl Gl oo culpls (bl 39 ()l e BT (129, 22> (il a3 ]

255 By gy byl sm IS olS S (gl canlio a4 S plgisar |y LSy p S olS VY

&l (59 <D o8 gy o) c(piny o> (ML 3 4l lua 1 gullS (gWojlg

A8l e sl Bl (o g p> 8l & 559l 0 SN il 34
sy dag) bl alS 48 ol oLt S bl 5 gy S
PS5 QLS 9 S2 ()55l x> 5 LIS 0als and (Ll e
S sl @)5le cn i S3 NS A o> qugn
9 35 mlaw dguy 9 Cuxes yiul3sl (Soltani et al., 2013) )l
59> 4 59y Sla lapgey b 4 (LS (g Bpas (iS0l
gl @ (bt iy B g b9y OV garme Cuonl g i
135 (Mohajer, 2004) w158l o 224, sladily 5 9y s

dodso
Ecker) lie (gl Lol yiulj8l 5 Couren My (bl (glaany jo
oy yiulial olie cusel 3y50 4o 1y oI, S5 (& Breisinger, 2012
Sir9iS laipe; drwgs el oy ud Ol wlie 3908 Lol L]
Karandish et al., ) uS o sgizee Jaslpd cpin jo 1) b,
CuiS ;o bais (S g Ol 9390 @olie 5l gy o3l (2020
3 eoliaghiS” Cutime dgst 9 ol )l i ) 6y sl iy
dawgs 0gMay .ol g6 Culd 5l dmy pod S & d g5 wie YD
5 @y ople cullby (cly S siluodlel 3 pg> cuts

Olﬁ.l Wy ;O)’Lf oKy ‘Lg)')BLi'S Hl.c 0481y @j WA 09; ‘)L.,dljb 9 A.f:)| u‘»\.:..f})lf (S 9o sl iy =Y 9)

Lglg‘)) L_;i] A > bwlb”‘i Sy b 9 u‘l (s ligeo 09; vy Aﬁaugls pac g UI)" W ‘UM.S oKl ‘L;)'”Lixf F?’L“ 0aSishy “.g] PEREW Y 05; s)L:.:-ij -y

https://doi.org/10.22067/jsw.2024.86500.1374

Q\ﬁl Wy ‘Q)@f olKussly 3=
(Email: biglou@guilan.ac.ir e 0diunr g — i)
UI)J‘ ‘C.Luf:) ‘)9‘2'15 @)J ULWU 5 w}c M/ 5 5).\ -¥


https://jsw.um.ac.ir/
mailto:biglou@guilan.ac.ir
https://doi.org/10.22067/jsw.2024.86500.1374
https://orcid.org/0000-0002-6162-1535

VoY i olo,5 Y oyled FA als S g o 4,55 Y

2 BIS S oSt 1 K (Sl 5 B G5 ke
Soke oxlyly (Shirani Rad et al., 2022) cuwl )by sble
g S Ll 3 LIS CtS dangi (ol oo pol So (8505
g 0

SHL Jddar i g 50l 53 HeaS Jled )5l o))
Sy il g sl iSe; oS pas Gizmen o 5l
G5l ool cuiS pie e e Bl CuiS ey g 039 Sle
25 lingltS sal)> s ol Gl 4 e Jls pod dag
S Grgo > sl 0dd (L) )8 s g ol (0 pudd doei
J) osliel sl @il JiSe) b jsba ldls o))
SIS )3 iS5 Al e 3 o shme S0 il (sla s
025 o3l g e 99,8 Sis =Y Bus dw b (o)l5ls Byl ped
13y 0y Jgb 3 (Bl Ol g g alss = pg> cutS (4l
Pazira, ) 48 o0 ploul S gisdiols Cunsy JpuS =Y 5 olS
iS5 Jols )il ol > (i Johate g5 53 (2017
2 ehgetdY (Gunip oiSj Cul (P L e g (o
Slp e o8 T 5 She oy S olsisds ypaS | ()b
King et al., ) 24 o0 oliiwl 65 (s pbdeas b S 51 O alss
by S cpwy slSB 3 (oS50aY sl iSa; (2014
by 03 Vb (gwojpj of ghaw & (dblio 3 b g Vb (St
otbae sl 3o 1yl el 4 55 ()9 s alal I S
(geY b iSn; (Polat & Bilgili, 2023) cul ls,5
S iSa) 1l o distun JS Sloply (dnejnj (B slofigs
S5 e Ll o] 4l 3 g wiS e Jas (sllg)
sS4 (Alizadeh, 2013) o34 pho Hlows (2 9ail 9 ()]
o do e a1 3l 38 Jutne Sblie 53 g ()
ros Jy Canl o5 Mg (Gnojn; S UESR) 4 Cuns b 1S
(Singh et al., 2022) sl on 5,35 Jlo i b auw bl duo
28 Gl pogde uejnj sl iS4 o)ldls 31 s
cely (Darzi-Naftchali et al., 2012) 5> g5, 3,Sles yio)3]
Sydse )5l (LB 3 pd> CutS (gl cuslio Laul 5 Sl

Dosti Pashakalai et al.,) )Kea g oMSLiL  cused
bl S 0 Shes (e piSe) Sl adlas L (2017
b @lie 9 (55,5LaS psle oKl 00 (gjlgi g jaas )l5IlS
shb Glayles o BMe Dlus g gy ol &S oy L (g)lw
Olys 5 g Ll e | i 5y e s (e (4SR)
s ngiSa) il dsye 3 ki (Suk sseg b oS ains
Fogbo ¥ Jl Soml Ges > (ol aw sl g 03,5 Joo
A o Ay g0 gy gy Sl Al () g i Jidles el

Gl IS by oS conl asg) LS 51 S (Brassica napus L.)
OBgp o Y5 = ¥ ) ol AbuS 5 (g, Aoy FY - O
5 pb Slhss g lusl 4ds5 45 4 (Shirani Rad et al., 2022) ¢!
4 135 ¢4, (Fatahinjad et al., 2012) 35 oqeo Lids joub
Slgze 2oy g glilue O sl cuwlie oSy s
05 b 095 ) L ol ol ELS oy sl
(Dosti Pashakalai et al., 2017) cw! (Sl lacyes,
5 Glols 2l Gl (hS p3l gladle 3 (pizxen
Coodl fg) slaaily wudsS slo 4 alS sla gy 5l ool
Ll ;1 .(Valipourdastanai et al., 2018) Wlo>)$ iy 558159,
Gk 3l )9S (Shed ey B Gpas a0y 395 I i &
asly 5ol 6Vl Y 3)lke oz 4 S35 5 29800 el o)l
(Shirani Rad et al., >4 o0 z)l> ;0S5 5€g, sladil> clylg
ol 3 T &l Gyan 45 23 o s b i i o 2022)
6ls S 558 gl LBl ol il bl daled L3l an)]
anog sy ogllas bulpd 059 ealp ol 690 (89 sl
Jaly Slg5 oo 58S Jlod 3bolie 13 (4)l3LE (2l 53 pg> cuiS
Cgue (g slaaily Syl (ials g adgs Gl caa dlate
iy, (Shahsavari et al., 2019; Karbasi et al., 2018) >4
G 2l 2 5 YA s ()3 lal 0 13T Jgasme
P 1S Jgase ,lSa 53 3,Skac 5 g5 e sl o5 YAYAY-
9 0 YYVYY, VA 5 YOYV-SAY L pas wd 9 ol (o2lyl o o)l
5 055 lise cpined Cusl LSa 13 £,55LS VOAY, ¢ 5 VAOAY-
22 9 2l el 3 S sl 3 1 Jgama iSa 53 5,Sles
Cuol (S > p)8slS AAF o WWFY 5 5 YA 5 VY iy
2 5 cus” &) 4 ase5 L L(Agricultural statistics, 2023)
9294 Bpan o9y J B el ogMle ;98 Jlas blie
P33l sl S BB 55 3 ot o1yl gl el bl
Ol S 4 (559l pole e g 2l (ulgtue Sisi g
sl e (LS LIS 65 olsl S e b 1) Sl il oS
CSld W e L (o)) At Copde & (olio Gl 5 ol
4 S5 Mg 4 By e oyl cusle Cope g lacydgioe
O N QU R JECIE U
e $ygSh e gohe G 4 b o) 0Skes LI
IS S canls o yle adilige o (slaBl 2,505, b ol
P das 30 sl SNk v S bl )l5lls LS 5
g (il LI5S et (ISl (S iS5 ol pas 5 Sl
& ol IS cils loj )0 odas OMSUe 5 (S By ]
@ 9 9900 dyje ) lS 4 O)lud 5 (1S SR el

1- Mole drainage



VY L cas olS lgiear 305 0 ,Shac cl5l 3 8,5 oe 1 059 ks 395 5 (Sgodiy LiuKa) il (ol 5on 3 ol ,S

L g, 9 dlge

03955 355 5 (9ol ine) 5 (o2Sm5 b gy 2 polates,
2l 3 pgd CuiS olS plgim LIS 3 Shes dlipl g 3o
Oygody Bolai JolS cloSsh )b B ) ool o)l
WY (i825) D1 (o458 (94) Do) (o8 o aw b 956
gaw 939 ((Jsl5 b (odge &Y (iS2)) D2 (J9l)S (9 (B9
V¥) Nz g (i ) p)5hS” VA+) Nu) o)) a5l ()39 255
pole ouSuiily (Slidos aeyje y3 IS w3 ((USe p p)SskS
ol dls oy VPN =VF-Y L elys Jlo o IS oKy (gj)5lis
S olKuiils (5,5LS pole aaSuily Slinios deyjo i adliS
Flod aBBI NN g 23TV ope 0 ly (2ldlre CusBye s
W)l b g gugn S Hledlias I (Bpd S ¥R 2> ¥ Job 4
O]l 0ads @8lg sy oyl oy o151 gl yd e I e YO
Cgbye g Juine sblia s (lold (Sl g lga Jlel b (S
hasky b slailinae dlsm g Ol g5l Gl elgm g o g sl oS
colitlen o ol wlitlyn (slmodls ol asl i
Jde 00 gBly 25k gl 2] Jore (5 iegkS S 53 o ) (g5y5lsS
g Sl pd ol Clelw (Sl 5 Bl clod ( SWb
Wl 0dd 035l V Jgas )3 o Cagboy
S 5 Soh il 3y90 ej oaleil sl pskaton,
Olyim yio Bl Ve jlad 4 S oyl (B sla by s
Tuohy et al., ) jogasce &5 b (oB9eaY (o) ) (IS
Fe Beas y0 9 50 ¥ slralold L (2016; Polat & Bilgili, 2023
5 S bl a5 5590 slacs S 5 e dliiel )0 S gy Bl
@85 7 s dule b by Jsl )5 L (pdge &Y (S jles
a5 59y & S S dlewg & Casl pgusye i +F s dle
S iSa) Cloj 4d55 (gl Wad g oAb s o ogasie
be Job 9% Jhad 4 oS Ay (JglS L g Jsl)S g (pbgeaY
Slodlg) g 3 IS (BgeaY Jig5 yu slaetl > ol
4O e h sl g (Sloj eaiSaen) (oyp Ay 4 e
g Ly Alussy 51 sio sl YIOF o 4y 93y &S o] Lol (gl
A (e gy ESR) & Cales )3 5 e w4 dbgype Y L]
Ol 5392 5k @5l gk Lo iS5 olS A8 095 Jsbo 53 9 (V )
o alol i Lal e £xA sl 4 5 2 S)SA  ibe)l
On 9 0 bay o alol 5 e 93 baylSS o e VO e S
s Sygods sle (b1 A )3 cublS Slles gy yia ko YO lacid,
025 G Slles (S awmgd 4 ki (pdans) | g 1 ol
oy (2 dhold) @ye o 2 2 B2 YV &gy 015 5 28,5 g0
Glp s 4 i (e le YO ead) o 9 VO by
(585 e sl I (iSe) lasles sy S ol

Boo b (o505 (slislogi > &l > Slas oS WS WS riran
X g o[Ae o +[FD) Ldas 93 (iS5 e Vo alold X e +/Ae
A58 g yio Yo Aol x o +/FD Boe b (2S5 (0 Ve alols
2o YY 9 YA YD DO i iy yio VO dlold X o +/FD es b
g S ol Cawndey s 3850 Hle )3 il 5 Slas 5l it
cuS oy ohge aY iSa 5l (Singh et al., 2022) -, Son
SHL bl ) Jousyy S )3 win j9iS )3 puS 5 Lgw
S )5 et 5 2l 5 Joj) ays0 Jlog ) i 5 Jloy
2o W 9 BV i ) paS g bgw 3)Ses (oBge &Y (iSaj
(Kirchhof et al., 2000) ;S 5 ChgonsS cysiomo ol il
Sy » S 5 Al 5 puS cutS 3 1) (e (4SRj S
&S 2)S a9 Wb L3 bl 350 S cupie calive
4>l @ o (2dlgn ceald g ol gaw Se LAl 2S5
ond yid 55 5 o i ey o culld Ll coge dd,
b oo 3Slos 45" (Darzi-Naftchali & Shahnazari, 2014)
Sy Sialidl S > g F LY oyl

5 0 ool Sl ol o (teal g 18 gy
OblS Mg %03 polie plu i e ol 39S & Cusl (g paie
(@S oo gl 13 (1595 Bpan NS oo dgdoxe |y (6)9liS
Ol g (S 0)93 B (Voo 0l (odng) Mb) S5 sl
P9 oo g (il L (Sl sy s » Gl Gl
il sadli sl ¢ (Lils el Wiy S o0 el fole ]
Byas yuen (Daneshshahraki et al., 2017) 54 oo yidi
e BME 2lass a3l doeis )3 9 LS (5)95b (haljBl el gy
Ramee & ) sgd 0 il 5,Slos pizmon g &b ohlia 59 o
oS Casl o3y ol il gl iglej]l sy -(Salimi, 2014
N33 059 9 B2 > UE Sl (I8l sy (598 308 ol
(Ma & Herath, 2016) 35 0 &b 5)Sae (158l Coge dild
& ,» (Rahnama & Jafar Nejadi, 2018) (ool5 02 4 Losal,
WAF —VYAD 5 WAYSAYAY el claJlo (b (ol as 50 inle]]
9 Ve Nev D yis) 5o 265 iz polie il il adllas 4
) ol Sl S ¥+ Yiplo o8, 55, (a3 p 5ok Y
2 pSshS Yoo aaw )3 3oy 355 & g o 5l (Sl Gl
2,5 0o 1y il o )Slas g aigy ;0 BME dlaw oy piin LS

2 pgd CutS QLS Mg dawg ) (ISa) g 4 a2y L
J Ban Gy 358 S ol 5 Slae kil 5 )l (21
395 iliste gohw g (bged (oiSa) Sl pwyp B
A3 )lils 2l g3 T3S 5 Shos slial g 0Sdos 2 (59



Vot = 315 ,5 F oylad FA als (Sl g o a5 YVY

L

g g Wl Clos 3l s ST My 939 omh
Oy Blo g (poas Al ye 3 olo e T )l )3 pgw Alsye
Iy Ged G gy S (oled )3 (IS als pe I i) LS
A5 oolitel (gpiegym ey I SBCl e Sl
s A 55 Slelyd mis5e5 ol3ee L(Jafarzadeh et al., 2014)
cdb cdio ool p S8 8l g dol Canday 1o )d F8/5 ) ¢ FF/O
9 i S Shy il (B ol D e ) e S
Gos 9 bl il U8 il ol e SB land
ol o o3y LB Y 5 ¥ ol )3l iy calisee

JS) w4 48,5 a5 > e S 53 (3505 g Sais S
)
olS lgieq, (Dalgan) 48s o8, (Brassica napus) 158 oLS
s Sloymd (A5 gy 4 B> o8 b ol pgs et
Slagding duhe j 45 ool Canddy )5 2y Sl aly S
lord GlodgS S I L b as )y g Sl ad g g
Voo ol Clilgw gite Sl mly S 53 p S5k Ve iy
@ a2y b b Jlosl posigel Cland e jl jaud JlSa 3 p)SslS
Dy d bl )0 S ol Wby )90 Job 0 (SWHb ol Hlade
259k (N2) Yo 5 (N2) VA o 13 05 e 1 (15955 355
5 b e Al yo 3 olo DA Gyl y> gl al jo oS gboa
W &)l 3 pgd dpe ad (S vz J1 ) 5 035 Sl

Mole plow( jz» 453)

NN ‘
Fractured \
soil '\

(e3;53 5 S8

Slsy i)
A
T : T : '
o~ [N ol = o~ =)
IS Z:E : Z:E Zio Eiﬁ zw zZx®
© ai P8 as a" ol 8o
: : ! ' !
| ——
£
~ : - : -
o : : 5
i = S ! 2 g
£ i Zin Zio 2o Z 3 zZy
° e Bl B N g ge
: : ! :
£
N i H H ! | T
=1 : o o o
g | ZiE i o Zi zig 2 zZs
o : Qs EE §:E E':n- oo =] a aliae
El g | E! ' ! :
ol i i3 : | '
4> —pt—>>
A

Sl Sl J S 5 5 (C) pogeaten 255 b (B) S16 (33,95 5 9 ol ol by (A) (sbgo &Y (oS humw £ =) JS5
D2 dJgl5 (9 (smige &Y (oS 3) Di o (43505 (392) Do) (59505 355 9 (iS5 (S jlowi b B8 4 4 3590 (5 kol (5 a5 0101
(U2 55 059k 0,5 9kS YE+) Na g (US 5 (159,25 0,5 5hS YA+ ) N1 (Jgly5 b (ouige &Y (ouiS25)

Figure 1- Design of the mole drainage system (A), how to create it (B) with a special blade (C) and drainage control
equipment to measure the desired parameters in plots with drainage and nitrogen fertilizer treatments (DO (no drainage), D1

(mole drainage without gravel), D2 (mole drainage with gravel), N1 (180 kg of nitrogen per hectare) ) and N2 (240 kg of
nitrogen per hectare)
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Table 1- Meteorological information related to rapeseed growth period (crop year 2022-2023)

Pl s Jilas glod LT Olel o Cugb,y Gl 3l gded SWisb

ol MaxTem MinTem SunHrs RH EPan Rain
Month () () (hr) (%) (mm)  (mm)
(October) je 25.8 17.3 4.09 82.61 2.1 3.47
(November) i 19.7 10.4 2.93 85.63 11 3.91
(Decenber) ,3I 14.1 7.6 2.54 90.45 0.8 3.36
(January) (¢ 11.8 2.6 3.38 86.89 0.7 1.82
(February) e 116 19 3.57 84.99 0.9 1.88
(March) sl 18.5 7.2 4.32 79.39 1.8 2.50
(April) 55,958 20.5 9.3 5.01 76.15 2.5 1.41
(May) cuigmd,) 23.0 13.3 4.73 80.87 2.3 3.36
(June) sls,5 30.4 18.6 8.82 72.98 45 0.00
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Table 2- Some physical characteristics of the soil in the research area before the implementation of the project

SE Gos gLl Cugby i pogadw pa B pogate 0y S5
Soil depth Saturated moisture Ps Po Porosity
(cm) (%) (gem™) (gem~3) (%)
0-15 50.60 2.61 1.67 42
15-30 50.34 2.62 1.69 35
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Table 3- Some chemical characteristics of the soil of the research site before the implementation of the project
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Soil depth pH ECe sOC
(cm) - (dS cm?) (%)
0-15 7.6 1.475 3.03
15-30 75 1.467 2.20
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Table 4- The results of variance analysis of the number of seed in the sub branch pod, the number of seed in each pod and the
seed weight in the sub branch in different treatments of mole drainage and nitrogen fertilizer levels

Ol gt 2abio o3l an yn (MS) @l yo
(S0V) (df) 53 4L YL ;> il dlass BYE a3 aild dlaxs 58 LG 3 b 39
Number of seeds in the pod of Number of seeds in Weight of seeds in the
the submain branch each pod submain branch
Replication ,|,Ss 2 4624.5"™ 0.00043889"
(D) (obge &Y iSa ailob 2 1.51256"™ 0.009872"
Mole drainage system
(N) 55 65 1 127.8356" 53.6233" 0.00347222"
Nitrogen fertilizer
DxN 2 2.98516™ 0.0034722"
Error s 10 62457.10 0.00189889
(CV%) &y oy 0.9120385 6.563785
o3 B g ) Jlean ! e )3 (g5 e (g3 me ple iy 4 F g TS

", **and *: non-significant, significant at p<0.01 and p<0.05, respectively.
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Table 5- The comparison results of average number of seed per subbranch pod, number of grain per pod and seed weight per
sub branch in different mole drainage treatments and nitrogen fertilizer levels

Jos S50 AL YL ;3 il slaxs e 2 45 &ily dlani S LG D Wil 43
Treatr;went Number of seeds in the pod of the Number of seeds in each ~ Weight of seeds in the submain
submain branch pod branch
g &Y S ailols
Mole drainage system
(DO) a8 oo 25.147° 24.485% 0.620°
Without drainage
(D1) Jgl )3 oot (oK 24.481° 24.379% 0.672%
Drainage without gravel
(D2) Jgl5 b i 24.481° 24.088° 0.700*
Drainage with gravel
OIos 05
Nitrogen fertilizer
(N1) ,uSs 55 p,Sols VA 23.615° 23.613° 0.650*
180 (kgha®)
(N2) )b 53 p,Soks Y- 25.7917 25.220° 0.678*
240 kghat)

)l gl e uglis (S ygejl Moy B Jlain] plaws j3 andl o S yriie By G )b &S olapSibio
Averages that have a common letter are not significantly different at the 5% probability level of Tukey's test.
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Table 6- The results of variance analysis of seed weight in the main branch, seed weight per plant, oil percentage and seed
yield in different treatments of mole drainage and nitrogen fertilizer levels in the crop year 2022-2023

(MS) &lay po (Sl

LS D Al 39

Ol s @olio NELEYSY) o o5 dild s . e S )

(50V) (dh ol ¥ (S32) Oy oy o9 M) ald 3, Slos

.O.V. Weight of seeds W_e|ght of seeds Oil percentage Protein Seed yield

in the main in the plant percentage
branch

(Replication | S5 0.001906" 0.0037™ 46.886172™ 0.202™ 7417.9559"

(D) (sd90 &Y oiSnj ailols 2 0.00936™ 35.390872" 543" 74411.0236™
Mole drainage system
(N) 5955 368 1 0.00125™ 0.0006™ 1.227222"™ 0.008™ 1102.222236™
Nitrogen fertilizer

DxN 2 0.00207" 21.45093889™ 0.155™ 20909.1559"

(Error) s 10 0.00121 17.0828656 0.745 7788.3036

(CV%) &l yuis > - 4.97992 11.98862 4914 14.269827

Lo 05 ) Jlain] maw )3 (g0 gime (gl gime pis a S g

## NS
¢

ms, ™" and *: non-significant, significant at p<0.01 and p<0.05, respectively.
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Table 7- Comparison results of average seed weight in the main branch, seed weight per plant, oil percentage and seed yield
in different treatments of mole drainage and nitrogen fertilizer levels in the crop year 2022-2023

1 ad Ll 40 &ld 43 Qg 4D A oy R .. .
w e 24 o5 9253 415 039 s e &1 5 Slos
Phe Weight of seeds in the Weight of seeds in oil Protein Seed yield
Treatment main branch the plant (%) (%) (kgha)
@ @
9o &Y iSa; ailolw
Mole drainage system
(DO) pisa; cypts 0.6517° 1.272° 32.9922 18.612 3153.723°
Without drainage
(D1) Jgly3 oot (i 0.7183% 1.390° 37.278% 16.76° 3447.2°
Drainage without gravel
(D2) Jgl 5 b iSm; 0.7217% 1.422% 33.157° 17.27% 3525.723%
Drainage with gravel
0395 355
Nitrogen fertilizer
(NL) ,tSa 55 o )Ssks VA 0.706% 1.356° 34.737% 17.568% 3361.764°
180 (kgha)
(N2) JiSa 5 p Sk VF- 0.689° 1.367° 34.214° 17.525° 3389.323°
240 (kgha™)
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Averages that have a common letter are not significantly different at the 5% probability level of Tukey's test.
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Figure 3- Comparison of the average interaction effects of

three mole drainage systems at two levels of nitrogen
fertilizer on seed weight per plant
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The difference between the letters indicates the existence of a

significant difference between the data at the 5% level
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Figure 2- Comparison of the average interaction effects of

three drainage treatments at two levels of nitrogen
fertilizer on seed weight in the main branch
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The difference between the letters indicates the existence of a
significant difference between the data at the 5% level
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Figure 4- Comparison of the average interaction effects of three mole drainage systems at two levels of nitrogen fertilizer on
seed yield
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The difference between the letters indicates the existence of a significant difference between the data at the 5% level.
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