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Nitrogen use efficiency in rapeseed (A review)
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Jol> ol (23055 (g5lwaigy slp olo i ax 51 (Tilman et al. 2002) coul 005 Cuite diad S oo
Sl baze 0 ol Jlo )0 Y gaze gl Gl jul i 55 ooliial 890 (595 5l Sien oo b (nl b il 00t
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1. Billen, G, Garnier, J, Lassaletta, L. 2013. The nitrogen cascade from to the sea: modelling nitrogen

transfers at regional watershed and global scales. Philos Trans R Soc Lond B Biol Sci
368(1621):20130123. doi:10.1098/rstb.2013.0123
2. Dejoux, J-F, Recous, S, Meynard J-M,, Trinsoutrot, |, Leterme P.2000. The fate of nitrogen from winter-

frozen rapeseed leaves:mineralization, fluxes to the environment and uptake by rapeseed crop in
spring. Plant Soil 218:257-272. doi:10.1023/A:1014934924819

3. Diepenbrock, W. 2000. Yield analysis of winter oilseed rape (Brassica napus L.): a review. Field Crop Res
67:35-49. doi:10.1016/50378- 4290(00)00082-4

4. Good, AG., Shrawat, AK., Muench, DG. 2004. Can less yield more? Is reducing nutrient input into the
environment compatible with maintaining crop production? Trends Plant Sci 9(12):597-605. doi:10.
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5. Lassaletta, L., Billen, G., Grizzetti, B., Anglade, J., Garnier, J. 2014. 50 year trends in nitrogen use
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7. Malagoli, P., Laine, P., Rossato, L., Ourry, A. 2005. Dynamics of nitrogen uptake and mobilization in field-
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Mycoparasitism as a mechanism of Trichoderma mediated suppression of plant diseases

a3l yo ez ol slaaiss SUlgs samlive b o i) jlae 10 Loy 5 (6,05 )0 (el oguas jo Blidod (it
o asie B aell Jska Jlo Fr o Jl onl b (Weindling, 1932) s kT olS 5 ke sloz,B K 09,8
ol 51 (Wells et al., 1972) 5,.5 1,8 ooliiul 5,50 aLS 5 )lows 2,8 S 058 o sl ac )50 50 wlgs o LoyosSs 5
LifShitz ) ol 43,5 1,3 425 5,50 Ghlides Sliions 15 (Sofsloes J5S oo ol S Oy s LlhsSn el
et al., 1986; Inbar et al., 1996; Howell, 2002; Steyaert et al., 2003; Harman et al., 2004b; Xu
50 Loy0585 5 bawgs g, B o alL (s> wlss> (et al., 2010; John et al., 2010; Huang et al., 2011

WSS )b oS 50 60ulS slae 3T lsins bojlgyy o bajLlSelS Ly dajluss Canl oud yiiie godnte Yl
ol o (Vazquez-Garciduenas et al., 1998; Cortes et al., 1998; Carsolio et al., 1999) sloos
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Wlgs o Lo,y 3 gy d ) ygumlglS 0 samlive [bopitnss sl VAV Jlo o (Druzhinina et al., 2011)
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Mukherjee et al., ) s Jols |, (SAR) st oluiST Canglin 5 (ISR) Ssiians 5 (o2d50 (ol Cooglie
al Cdle LoyosSs 5 lidss 5 and g0 Do 4y ( BLE (gilewn J5iS paeille SO lgim oW 2o &l (2022
a2l o sl g 59 5] a3, b s (Harman et al., 2004; Mendoza-Mendoza et al., 2018)
gl ale falS )3 gy (n 5 g e hlsSn (ple onl 5o o5 aitis alS sla S ey 055 e 3 Jslate Sl
S8 eolatul 350 Lej w50 008 jekay LeyosSh i sleaiss oS oliSe e 5 e paas 0 ohe sl 5l
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S, slearises g T virens S1Sle g o, «(F 5 E) . obiae podacce (o3bgy% 5 zm,le slo,lisle Joli 5 (R) R. solani 5 (T) virens
Mukherjee et al., ) F 4 E «Mukherjee et al., 2012a) A-D :pss . o oo V+ :(B-F) ¢ o Lo 0 :(A) o sl R. sOlani 4 rolfsii
sl4ges Pleosporales «.l, ;| Ampelomyces quisqualis <55 .ol (auwy Sbiwe aials Cdel lacdg 59,55 oy Sg0 S, (1995
ol (Haridas et al., 2020) sys o a3Ls 509 Savio Jole slog) B 1 )3 Susolom Jole o lyins 45 Conl By g Sl s5ee 5|
S ysmgasSy b8 sl (Podosphaera xanthii; Erysiphales) 55 oyl (iiS1 wanilSe 5 (S5 a2 5l o jlbsSee aisS
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ol ol GLas 1) peec 5,L % 5l (saaz 4> (Hordeum vulgare) > oUS 4 (Erysiphales) Blumeria graminis s> ¢35 S asbw
55 cJalad ol S GBaa (Laur et al., 2018) 5, o oy 5l T Coles 40 5 iS5 o a3l (52 oLS) ljae ,o |, Blumeria z,8 jose
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354 :(B) (Nemeth et al.,, 2019) :xi ¢ o Lo Y+ Luliie «PX) Podosphaera xanthii aiss aswg Jl> 0 45955005 S5 sl Jslo
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st hou bl
&l

1- Mukherjee, P.K., Mendoza-Mendoza, A., Zeilinger, S. and Horwitz, B.A., 2022. Mycoparasitism as a
mechanism of Trichoderma-mediated suppression of plant diseases. Fungal Biology Reviews, 39, pp.15-33.

2-  Weindling, R., 1932. Trichoderma lignorum as a parasite of other soil fungi. Phytopathology, 22(8), pp.837-
845.

3- Wells, H.D., Bell, D.K. and Jaworski, C.A., 1972. Efficacy of Trichoderma harzianum as a biocontrol for
Sclerotium rolfsii. Phytopathology.
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Concerns about the presence of antibiotic resistance marker genes in transgenic plants
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Alternaria blight of oilseed Brassicas
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Biology and agronomy of Brassica carinata

Carinata g Brassica lico b aigS yu alaily

Py e aiss Ko 4 Cad oL pl 5l 46T iy i Al G w090 L e SbalS (8 S 5l g 00
Brassica «(n-18)AB e L Brassicajuncea(n=10)A PPy L Brassicarapa«{(n=19)AC pY; L Brassica napus .oiwsn
kol slaaiss o9 daily, aims oo Sis 1) asS iy ol (n=12)D pgs5 L Sinapsis alba s (n=17)BC e4s5 Learinata
B.campestris g, walis g B.oleracealS B.nigracle. Jo,5 abselos 4ig% aw o S 51l oazy sl i
Silodal 3929 4 B.carinata iw> Jo,5> ¢ Bjuncea ssis Js,5 Brassica napus Jgexs SIS aSslus el 4345 aw
Sy 4 baisS 00 Jg Sl Brassica napusaiss oei co SuiS ol IS 45 a5 aisS 1y 589 e adisS cpl oy
CarinatadisS oS o odalive S K& ;0 a5 jshailes (Warwick et al., 2006)5 45 o S Lis 3blie > ;0 3gue
pgs o3lail g BBCC. 2n=4x=34 pg55 b obebl 5ol SoBrassica  wi> Capparales il Brassicacea oslgls
9 CC 2n=2x=18 45 L B.oleracea 4630mb o;lail g BB 2n=2x=16 pgi5 L B.Nigra  ym &yt 5l a5 .05L 01300Mb

(Palmer et al., 1985)ccul 413,85 Liso 700mb  o;ludl

Brassica nigra
BB
2n=16
o AABB BBCC
Brassica juncea Brassica carinata
2n=36 2n=34
AACC
Brassica rapa Brassica oleracea

2n=38

Brassica napus

Carinata il slaaiss o aladl, ) o
&9 9w

Goebawl byl b g 0l oo e odsi sl (Syg e 9 (STy95 colatwl b s, olS (B.carinata) o951 Js )5 obS
=y 9,8 hes glyls daime Cgllaali Lyl i 50 5 0040 555 YU (slsn (sles 5 Sid ans slap gl o b oy S L
L1, B. napus 4s5 51 oY S LISl )0 cw, » G o.(Cardone et al., 2003) ail Brassica Napus 4 Caws (s yge

Sl g YL als o Slae B.carinata 45 ais,S cdaliv g 030,5 auglie Jlo 4w Suw 4 B.carinata 435S 5l o3, 9o
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@ Native
@ Initial cultivation
© Introduction
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(Nanda et al., 1996) (Y JSLo)o,ls S0 cam
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{(Kumar et al., 2020) .S oo 03y by j5ld 50 ailivss Jpamo S (lsreas 5 wil o
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Sy bl S lasu ol B ain ¥oF IS ok a4 susie VLI (B8 Cgiz ol alowil | 1515 cotS 550
OlszBesles )3 0)ler ©oiS )3 5 90dS Jobo E5lo B 55, VY 5 00dS Jobo 5o, VoV oo j5ls 1o BL)S (oalS 033k cuiS” o

(Kumar et al., 2020) 0 S Job £ob U culS 51 s 59, VY + g (2005 59, OO oL
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Pre-  Seedling  Rosette Stem clongation Bolting 50% Flowering 90% Flowering and Harvest maturity
emer- pod development
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BLu S (5595 Jolpo ¥ U
wollol g wolho el,j wlao

Wt S5 ol Bl (6 lom dlox 5l alizes 005y sla sl yo Cuglan alex 3l 2l)) gllae las (slyloB.carinata
b U85 ) el e 5 By o8 (Slyime cchonds Bl sl alon S llanks Bl 5 Lis ISl 5,05 S
3O Smgee 0dd) pf g oddy s T 4 Jeglie Olas iils o) de peul Jo,5 5l solaiulail g cnlinl ails ST,
ondy sl i 4 Jgazo oyl Caaglio Jdo 4y ain g Lilewl JdoblS ;o (Raman et al., 2017) (¥ o) ,las ol5,0les o
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(Velasco et al., 1997) .oiiS oo (590 5 | Brassica slaaisS

v Undesirable traits

> Long maturity
duration

¥ Agronomically
desirable traits

Y

Resistance to
various biotic
stresses: black leg
disease, Sclerotinia
sclerotiorum, white
rust, alternaria black (e
spot, powdery A
mildew & aphids

> Poor harvest index
7 Low oil content
» Tall plant stature

» Poor oil and seed
meal quality (high
erucic acid in oil and
high glucosinolate
content in seedmeal)

v

Tolerance to abiotic
stresses: heat and
drought & metal
toxicity

» Unattractive seed

» Resistance to pod
color

shattering

Brassica carinata

(Ethiopian mustard)

B.carinata ,s sg>ge wollasl § wsllas cl); Slao F S
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Reverse breeding: a novel breeding approach based on engineered meiosis
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Jolge 51 (8L Wl (oo 0y (nl 590 S (oo (o oty Cpl 4 Bl 5 adgl Al pally L asslie 50 5 See
Springer and Stupar, 2007; Stupar et al.,, 2008; ) coul suis aslis Jol5 j9b 4 ;90 a5 ail ol
5922 Ol e 455 a5 el (pl T o iow bl jo a” JIsw (Fernandez-Silva et al., 2009; Wei et al., 2009
Gy ol o o S0l d Sius Caws o oz Sledlbl )T (g0 ,5T 93gs Jale 51 aSl )0 aiisy gy |y Stho
Golgbd e 0,5y (nl (g (ol Cunrlo SS9 5510 15 g Ailgi o 0l SlaY (goads S sla BN
33 BT SB35 weSae sl By Crl Slr (IRl Sl S 09t o e S e A
b Ll 5l ol o aBlo (L £555 5 emsesie @b golan b sad iy qily (slabes
aelsl (sl 9505950 SlacaTss) (n ke 9 S o0 )18 (smnp 3590 (g Susb) (6)9h (2Bl e S ) it
)y Mol sladsliy jo g5 YL Fahaw 4y Sliws 10 0aisS dgame Jelge 51 (SO el co Sl Mol (ag
5o Sl 6,85 Sy Callae o T oS 5 el Jlado b (Sanf )3 Boyb 5l sy 5 (50,kgs adg a5 el
OS5 R s Gaaisl WS Sgem jsbie 4 pla by sy (nlpli 9555 o0 mie o sl Jas
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A pedie Doty SlewlST GlalS g5, cnl 5l sabshsdl) S5l S92 1) lapgises,S slax o Jolatal
90 4 &S > lp g9l il Univalent ,» aSl 5,8 L .(Couteau et al., 1999; Hartung et al., 2007)
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Couteau et al.,, 1999; Azumi et al., 2002; Stacey et al., 2006; ) «,ls Libs calisee oalS o 4
Siaud et al., 2004; Higgins et al., ) RNA interference (RNAI) ;! cslaxu! L (Wijeratne et al., 2006
aS SblS gl g Jd e 1) Ban slays oles co ad oo F so3ld bsels g0 a5 SIRNAS' L 4 (2004
Virus- s 5 ooliiul b o5 sdgals sl 5l ooliial oKl ol il oSan pé b Cdens sl pmmibe ygins] 3
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&I RNA Ul o Jolis a5 aidly ,ss swgpg b olS 39, ool ,o (Transcriptional Gene Silencing,PTGS
5599 RNA jlosen jska g cwg s RNA SIRNA jloolatul b hlite olos by j0 ol 048 0 00T ccl B 5
o beonim S5y 6,30, sl 0 aS (6,50 b, (Ruiz et al.,1998; Baulcombe, 2004) &S’ o 325 1, olS

(Dupre’ et al., 2008) Mre11-Rad50-Nbsl .SLaS saiiS oo olaie 4 i po (oloowids (s00ko 5 ool el

" Small interfering RNA sometimes known as short interfering RNA or silencing RNA
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