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Introduction

One of the most critical environmental factors affecting the distribution, spread, growth, and successful
production of plant products is the amount of water available to the plant. Reducing water availability causes
drought stress and triggers numerous morphological, physiological, and biochemical changes in plants (Farooq et
al., 2009). Water deficiency stress leads to reduced growth, dry weight, stomatal closure, decreased height,
smaller leaf area, cell growth inhibition, lower photosynthesis rates, protein degradation, enzyme destruction,
toxic substance production, hormonal imbalances such as increased abscisic acid and decreased growth
promoters, damage to plastids, and restricted root growth (Anwaar et al., 2020). Supplementary irrigation is an
effective method for compensating for soil moisture deficiency, increasing water-use efficiency, preventing yield
fluctuations, and promoting sustainable production in arid and semi-arid regions (Mohtashami et al., 2020).
Moreover, using biofertilizers as environmentally friendly inputs is valuable because they rely on renewable
energy sources, are cost-effective, and reduce dependence on chemical fertilizers. Various studies have shown
that using chitosan nanoparticles can reduce the harmful effects of biotic and abiotic stresses and significantly
improve the quantity and quality of agricultural products by enhancing nutrient availability (Mehmood et al.,
2020).

Materials and Methods

To investigate the effects of different fertilizer sources under dryland and supplementary irrigation conditions
on the quantity and quality of camelina (Camelina sativa L.) oil, an experiment was conducted using split plots
based on a randomized complete block design with 16 treatments and three replications in the field of the
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Faculty of Agriculture at the University of Maragheh during the crop years 2020 and 2021. The main factor was
cultivation under rainfed conditions and with supplementary irrigation, while the sub-factor included various
fertilizer sources: control (without fertilizer), 100% recommended chemical fertilizer (CF), biofertilizer (BF),
chitosan nanoparticles (CS), a mixture of 50% chemical fertilizer and biofertilizer, 50% CF + CS nanoparticles,
BF + CS nanoparticles, and a combination of 50% CF + BF + CS nanoparticles. Seeds used in this experiment
were of the Soheil variety, with a germination rate of 98% and purity of 99%, obtained from Shafa Bisotun
Company, Kermanshah. Bed preparation involved plowing, disking, and leveling, based on soil conditions and
moisture reaching field capacity. Subsequently, plots measuring 6 square meters with 8 rows of cultivation were
prepared. The distances between crop lines and within crop lines were set at 10 cm and 5 cm, respectively. After
confirming the normality of the data, the combined variance analysis was performed in the form of two-way split
plots using statistical software (SAS version 9.1, Cary, NC, USA), and the graphs were generated using Excel
software. Additionally, data means were compared using Duncan’s test at a significance level of 5%.

Results and Discussion

The results showed that the combined application of 50% CF, growth- promoting bacteria, and CS
nanoparticles increased seed yield by 32.22, 24.79, and 0.75%, respectively, under supplementary irrigation
conditions, and by 26.11, 15.26, and 12.56%, respectively, under rainfed conditions, compared to the separate
application of CF, growth- promoting bacteria, and CS nanoparticles. The maximum oil yield (239.89 kg ha?)
was achieved under supplementary irrigation conditions using 50% chemical fertilizer combined with growth-
promoting bacteria and chitosan nanoparticles. Under rainfed conditions, the combined treatment of growth-
promoting bacteria and chitosan nanoparticles increased the oil yield by 109.30% compared to the control.
Additionally, the combined application of 50% fertilizer, growth- promoting bacteria, and CS nanoparticles
under supplementary irrigation increased camelina oil yield by 73.9% compared to the control. The main
components of camelina oil included saturated fatty acids such as palmitic (6.85-3.73%) and stearic acids (4.34-
2.33%), and unsaturated fatty acids including oleic (16.43-14.46%), linoleic (25.14-19.19%), linolenic (36.79-
31.92%), and eicosanoic acid (11.44-7.81%). The highest levels of palmitic and stearic acids were observed
with supplementary irrigation combined with CF. Moreover, the results demonstrated that supplementary
irrigation increased the relative water content by 33% compared to rainfed conditions. The combined
application of 50% CF, growth- promoting bacteria, and CS nanoparticles under both rainfed and
supplementary irrigation conditions raised the relative water content by 58.3 and 81.2%, respectively, compared
to the control. Notably, the combined treatment of 50% CF, growth- promoting bacteria, and CS nanoparticles
increased chlorophyll a, b, and carotenoid contents by 114.53, 137.88, and 121.51%, respectively, compared to
no fertilizer use. Drought stress causes a decrease in grain yield by reducing leaf water, closing stomata, and
lowering photosynthesis, as well as affecting enzyme activities and related processes. The use of chitosan
nanoparticles enhances drought tolerance by reducing transpiration and maintaining relative water content.
Additionally, the increase in oil yield with the application of plant growth- promoting bacteria plus CS
nanoparticles is attributed to improved nutrient availability and higher grain and oil content. The use of 50%
CF, growth- promoting bacteria, and CS nanoparticles significantly increased chlorophyll content compared to
untreated plants. It appears that this combined application increases protein content and Rubisco actives enzyme
activity, enhancing Calvin cycle reactions, which boosts Rubisco carboxylation activity and improves
photosynthesis. Furthermore, growth- promoting bacteria increase chlorophyll and carotenoid levels by
improving nutrient availability, including potassium.

Conclusion

In general, the results showed that the integrated application of 50% recommended chemical fertilizer
combined with biofertilizer and chitosan nanoparticles under supplemental irrigation is recommended as a
sustainable, profitable, and farmer-advisable nutrient package to enhance the quantitative and qualitative yield of
camelina in rainfed and water-limited regions. The use of these inputs improves the absorption of nutrients and
increases the efficiency of fertilizer use, thereby improving the physiological indicators of the plant, increasing
yield, and improving the quality and composition of Camelina oil. Also, this strategy can have positive effects on
plant adaptation and production sustainability in rainfed conditions where environmental stresses, especially
moisture limitation, exist.

Keywords: Chlorophyll content, Nanotechnology, Oil compounds, Water stress



G329 (ol p gy 4 il

Hom . http://agry.um.ac.ir »
omepage: http://agry.u i St

VAYZYAY o (1840 Olugls oY o,led VA A

s S adls s 5,8 L (Camelina sativa L.) Lsls 4ls &S 4 ‘;«5 5 Shes 3 5

eSS okl g s Tl pE 53 01538 SU 5 (e 2l

o 4l ML Sl desee F's jeil g dblis
VAV 123l 5 b

CXVCLS

olS €9y CutsS 5 CaoS il 3 Slas «S5elgs 5ud las p 598 il g (i o plowd (gdgST (auals 5,8 I 31 Sbj)l jelaiedy
At ;0 ST dw g 5L VL dolad JolS slacSsh b abp oadsyd clacs)S oo inlejl (Camelina sativa L.) ylels
ol e Jole 5 (a5 (65l 5 o) 55l Bl o (o Jole 125,55 o 39 (o o ol (5555125 oaStih
0+ dCS) 98 39l o BF) w395 (CF) sdistungs (oliowd 395 2o pd Voo ctnls lgicds 358 3,)l8 1yg) (6345 calizeo (sl jlos
;395 +  oleouds 365" Mo pd B+ ¢35 gl + o) 365 ¢l 9uS Slydeil + oliowd 3657 o pd B ¢ g j 355 + (oliawd 358 Mo yd
i (6)hob § S Ol (s (glgiome (g jrumgid (sloo;uS5, (cloiome I3 dme ialS b o baylys a8 ol lis ol w390 ()98 l, 3936 +
Comad B01S 05294 (48 9) CueS Bl b Sufolgn e Syt ()l (29, 9 4> 3 Shee ialS Coled 3 9 a8 0glle Gl cge (ol
00 L easS )5 3 o9t o9 Oly3gil g (w365 (il 50,5 b olpen oSS (o5lol ¢ il p3 390 olpen gLl @ sliil e Oy (sl
S99 Lol b gl inST iyl ialS g laaig,l5 d @ Judg IS yiulisl olS of Cundg 350 b cosdduog (ohowd 395 Loy
o Bpan pis & Cond |) 45959, 9 D @ b IS (clgis (5365 (slojlo (Rl 0,5 45 gyl 28 ol il (S (sl sl
ek g £y 5 45 0y Slos jly ixe ioli8l & e S5elgs ad douto ol e D isli8l as > AYV/DY o VYWY/AN ONF/OY (o
02 gl Oy (sladl Jobd LbelS (429, (ol SlS 5 el pigidl 00,5 glidlind 0 (sladenl Gl o) 5l 19y S (5185
Seigid (1o > VFIFFVS/FY) Kol gluil e oy sladpwl cpicron g (1o )d YIFY=F/YY) G jliw] sladwl (s> YIVY-F/A0) el
aS ol i Limgi ol guls o IS )sbds 3gr (duopd VIANV=AV/FY) sl (34356551 g (duo > YIAY=YF/VA) ST (uop> YA/ VA-YO/ YY)
Ol g (it QS L «Sy3elsn 58 (Sl B s b s jsbods o Rl (Slyd Sy e o Lol o) oS g 5 Slos S5
eSS ol bty )3 9SSl g () 355 b ol e odbanogi  olewd 368 doyd e &8l 58 .l b ye gl iS5
Ol Cudgisme (hld g w23 gl ) Lilels 5,Slae 45 g GAS Ol38l el 5)aliS & dnogs BB g diedgm bl (slais dtw S e
9 oo gy

39U8 95U ¢ Jido 1S slgizms ¢ oS i () Sl 5 g5 (sWelg

Al (B bl cablyo olKitils (55,88 0aStils LS S5 g W (is 09,5 )
(Email: a.javanmard@maragheh.ac.ir 2 e oM g3 — %)
https://doi.org/10.22067/AGRY.2026.97784.1270


http://agry.um.ac.ir/
mailto:a.javanmard@maragheh.ac.ir
https://doi.org/10.22067/AGRY.2026.97784.1270

1P 0 lawsli Yol VA ol (g 559L8 @au P A& s \AF

Slgi oo Lels™ ( Arshad et al., 2022;Neupane et al., 2022)
)‘ o.)l.m._..)‘ ug.)..)s d),‘?d_.‘ob L)’)_'AS l_J Lé“‘“’ 9 LFO9J Lglb;fb
sl (Suis g loS 4 oYU Joos olS oyl bles 13 b sl
oalawl SB cuas (il cps oMe K05 5 paS L gl g
(B8 Ll ) Lol TIS 4 el Lis b imady 33,5 e
A yonie Ady Juab ol )5 B )2 ud byl il sl Gl jla
Gugel ) s 0 by o o LS o ¥Y B YV jus als
SO olsedn Slas il 3 LIS oo, (& Falk, 2006
(_sJ]A_C J)LAA )JD9M.C a5 oddaslus Yl) CouS l) 9 U"))ll) 099)
.(Sentis-More et al., 2023)
Bge Mg 9 M) (ST &S (Jame olge 1y iere alex ]
ol oS o yiod 3 O e edd oo )3 8l cos 1) el
.)l_’>u‘ 9 é»») uw 39 90 bl,s Py 3 ui u‘).w uu.lbl.{
OLelS )5 (adsie olondn 5 Sujels b « Sjelsdge iy
Soid i 4 Sl 4 4>95 b (Farooq et al., 2009) 355 oo
Yy lalS cetS g cueS Jame sla i ple 4 o
J_nb; u’)—’«;‘*“] )‘] us" u&w oS Ol)g.l 5 ¢.\;5u,o APRCOY
9o o 39408 5 5L L5 (Ebrahimian et al., 2019)
Loy JialS 5 o 50 (gt Jaals ( Joho by <o 55
Oinlidl s Sgeyen YMST ¢ o dlge g5 e 3l o 55
9 aiod 4 cowl sy clronsS s (ials g o] Aol
Anwaar et ) 5o o ddy iy LialS g Jidg JS jials dae 3,55,
)Ll w2fy 93 2 o4 MBS dons ) Sidimg s b plowl cilie
ass) (25 9 (U5 Jeda)lS slgiomo g Gibnnli (slod dadijy,
(ashy 2y, Slos g ashy jlia 59 «dMe jo aily dlasy gy ) M
59y Slgzee sizmed 9 Ol G pan (lokily 5 8IS o it
» .(4Rad et al., 202) s> o yialS goss JoB jsba )
Ldels” 9y SlaS 5 95y Soe ol )l s 505 g

dodlo

Sn g Ay (ool Cuenl (o) (LS G 3 (S8 Sl
) imy e LSt |y s hid Bd oymegs O )
ey oSl Gl oS (] S & plae poliye 13 (g
2 A5 Lk ey Mo O IV gols alS cplcwl 0d)S
5 el o sl I Gilsse ©luS 5 ol 3)lge e
Camelina L.l .(Zafar et al., 2019) x5l o glilyue
G5 Lagiecd ol & lalS ol j) (6 plgiea (sativa L)
e, 4 uid (oS g Cunly Bl (gl ¢ e Cyaods oS ail
5039 Lol sl slg ] adgl Lo il o yio 5l VYo b Y
(Waraich et al., 2013) cuwl 4zl ofy , > sblio 4 bl
SbygdS (5 9 DU (sloyguiS )3 ofagts ol () S W8
4 Ceoglin o Y=Ll Cyn slad wl glg oo Judody SUss)l
D9340 slaylol oliwly ol iolidl 4 g,y oo (la i
LW odgd e )0 e yid Slas pdaw o Lolels ails 5 Sloe
(Zanetti et al., 2021) cwl , e JLiSa ;5 p,55 LS YV
5 p2ui5) (53 bl (LS BV oS ) s 5 2,Shas
529500 b Gl g Jits ©y504 FAOD o) Jlol 53 o
253 sLaoyp b (53,90 UL ©gots Baos la Lol
398 VoV Jlo 53 dg) y9ulS CuS o o (Jlo (sl distenn
S 5 LS ¥ede 0505 YoV o 50 bUK jouS ¢ kS YOS« »
arang s olul )3 sl odd 2yl JiSa e Ve dgus L)
ey CiS dnwgi p (ue (5)9liS S ©)ljg sCuslw
srdyo 3blio )3 Llols cutS ly)lg 4y (Sisly (2alS g (89,
o O 39290 SIS (Jlrcnll ol 4Bl (1S Juiae
(S0 53 p55kS 0e) ol g l3m > 4l 3,Skac (ilen o 23
Scodgizme Jddsas wlS ol (S8) Jeily Ly auslis )
2 eSS W) Glae (Sl 1 Somb «slads g upse
plos 48 s 5 pdans (o slol Wliwlio 3950 3,91 2 (1S
e oy G Sy 3 VEF LFY Lo el Ty bl
Gl (6350 5 (Sbuwl Cijgods Lodld (g wyiwd 53 il 03,8
i i 5 s o lal e ol 5 o Jlo lsiees
S ) oy Cawl odd )55 LS YEA. dgusVFH¥
ol 04 00 et )LuS Jli o VW agu s VFY JLuw o



VAV L BoolS ailo (S g (0S8 ,5 o dgagg o)y g 3 y0ilga

4 P)Y S Lg).or.l.«o‘b 9 u;l.).f— J|3A .)9.?45 L)l)“'> Lf‘)f b‘) B3
solhe )3 olerd (slaogS oLyj slmasyie (Jg sy oo s
iy €L lond Slge I 36 T 5 SB Sl 5 (oolgiiny
Bano ) 1S o b SUl5,) sladgS Goyme (sl 1y yi oLl
5 oass sl ke Jolis 45 3V gue IS jobay (et al., 2024
e yolie s oUlyy a8 wies olluls ) Gilise slaasss
g 4l |y Glals ooliul (sl il )3 4 Cla LBy S5 ]
o iles el g S Wdgi |y ol Wiy S e S 5 wiles o b
g plyiedn 09 o S ady) yig dawgs 9 )h ko
O rmte aes 51 (Macik et al., 2020) 55,5 o oo (aww ;
e B edliiul 3)90 iy sl Glgisar & oo lsl> )
Azospirillum Azotobacter Rhizobia 4 g5 o 45,5
A8y S e Gl 8L g 1 peSe «lind 018 o (sbais S
Gl ogmen (2l gile bawgs (il ) cnl 58 o)Ll YolS
§ LS slagseygn Mg g bedplio 53,8 313l 89 4 1y
Giri et ) 15,5 0 olS Ay 5,56 oo il jun 5 ST i
Nasrollahzadeh et al., ) -,LSen ¢ odl54bl i .(al., 2019
by S oy aliend slodgS 3,18 4 08 5 ams (2023
3yl ¢ ol 55 ciliS e L5l (Brassica napus L.) 1l
lbond Llodgs L S )5 50 039 Ay S e sla g8
Loy Jpoge 2g omiomed 5 CudS 9 (089 (slpome iy 5 Sles
OSidohy oyl aiomen 21 Liuli 8l gd ke dlg e dn dauy
3y Sloe Low by S yomo sl 6381 5l oolitwl a8 W0 )8 ssalive
oo (glodgS 5l oalial aSly ls LT3l ) LIS i) CusS
Sl oy i 48 308 samlie Wi pbl (Nigella sativa)
sy (Ao 0515) Sylyid ol 5 (Ao YVIAD) Sty
oYL e Dol Cwd a i glajleg FHEvY e
2 09y 945 0,8ee Cold 53 9 mawlly and ()j9 5 (Slpie
.(Moradzadeh et al., 2021) . Jol> 2.8l jlog
@3L5 sl 5L p)l5 (65,0t (i3 )3 (59l 18]
bl aalgs iy 8l Las )8 cpl oliwe S35 oanl 5 9 aisly

1- Plant growth-promoting rhizobacteria (PGPR)

Jley o)lal bl b j> 4 S sl -Lss (Camelina sativa L.)
aunlio )3 45 ol Cawd 4 2o )d YV AT lieds dils e, (glgione
a2 51 S (15 g it (S 015) )bl oy sl L
5 Sl (Szall) gldl oy sl Jialisl 4 e
Syl Jolis glislue Cyn ol e85 bl (Sl
Shiranirad et) sy (zals )l ze &g 1) Sidgid 9 Szlgi
(al., 2023

Cpgby 39108 Gy 53 3o slagby, §l (S (eSS )l
59, Skes g | 655l § ol Bpmo S (30 Vb g SB
Gl Sdidd o g Sis bl jo Hlanb e an oliwd
3)LS popdo 4 eSS (¢,lol .(Mohtashami et al., 2020)
L ailb e (S5b g0 ooy yo g5 olS 5o g.j $d985w lade
oo 1y 3 ,Slas @l b g il jelatedy olS iy gl B
als oy Sos 29y Jolis  LooSS &l wieo B IS sbay led
P31 51 eolawl g basly i D50 5 cadizee sla o o WJgs
uwfl)_) A d>gi 9y mefu.l.c 9 dw dLm),f cb.).»)C)’La‘
Jlesl (Reddy & Reddy, 2016) s_ib oo Juad slb S\l
$oe slagbyy §l (S ol Gl 5l Gl als je > (eSS ()l
Y g sl W95 4 (aliiws §3)Shes gl g gl>
13 03msdes oS gl Loslio s Caggs) 5 Lyl ol 4 Suis
- 29 3Sdas o] Jlisas 53580 pal3 A5 elus Sy
1518 59, 45 ad>s > (Alkatb & Geosciences, 2022) sl
cel eSS o)l 5l ealul wi plosl (Brassica napus L.)
u.L.cSq d)L.‘.-.‘] aS RV S o UL,...: Lmu“m”; Q.;.I Jo))f cJ (590 ¥
o ialsdl el 3l o 4l (0 g 5 23S dspo g3
33,5 23 bl d s olS (29) CulS g CueS > a2y
.(Mohtashami et al., 2020)

O 5 Al Jale 99555 5 Of g sl slapllaipsy o
‘_,;)fub 09— SLs Ls.’."k" ﬁBS jl QL‘”L.S r‘;’b ol 9 dawgd
S bowy oliedlse 0y ol ials cel 85 5 cuslio

mE o e olesd (S il oslitul wyge oyl 55 ol o



1P 0 lawsli Yol VA ol (g 559L8 @au P A& s \AA

2 Sishonr g 4l 3, Slos (Jdo)ls (padls ol (s (slgime
255,5 edaldie (| Siizghy cpl Cpicren ol odds dald b duyléo
Gk 1y o sl oS i Syl adisal o5
Eldld iy sl Ghalidl g ldl 0 laspwl ials
<yl (Dolatkhah Dashtmian et al., 2023) s sy dque
295 @lie (Al 3l Jouily b)) (g ol 5l Sua
5 ol o el) SO plsiean (s 9l 5 () (stleosd)
L ablie 5 plord gladss an (Sily pials sl jhb
3lod (s 3 05 b adlle )l o slacgdgue
o pasls sp e o Lol @l 335 Jlos Jlioa; lio
(sl By S g 5 &> 3 Slas ulj8l Sl

oSS lal 5 pd sy w9 od LelS gy pp
il e

Lo 59, 9 dlge

asyie o Ve o WA el cla Sl )3 Ghegiy 0]
V7 bl Job L atlyo olSiily (6yglisS 0aSiils (gl
L s 4883V gand YV (oyc g (8d 4aBd V5 5 dan
aw yinlosl Egps 3 L 05 Ll byd pdaw 5l e VFAD glis)|
ialojl slaes S Caliste g 5l Bolal O ygods S diges
o 5 455 350 ol olesd 5 (So5d sl S 5 L]
gl il 0105 B ) gt > eSS (slmodls .S )L
00 g Led 5:85lia) ialLajl 5590 dilaio (onldl Clasuiie ¢y
ML el Syg0a Ginlojl sl oad &) Y Jgds 55 (abale
o) S5 a5 V5 oo oS oSk b 4
5 eSS (ol g wd S ol s 93 > Lol Lol 105
4oy (olord 355 wald) (6355 clize glie Jold (23 Jole
by S e s 5L {555 3 oy b s3335) o0
)3l (Y ye,luly + Vo)l @liwd + ) 55 Sl +155,be55])
B wdy Syome slag S+ oliend 35 303 B+ (jgS
+ 0y S e slag iU elisnS Gldgl +  olewdssS do
My S oo slas S+ olowd 355 dopd B 598 Clydgl
w5y oinLajl cpl )3 edltal 3)90 (slaydy 29 (o398 gl +
as 050300 Jog B 5o AN Sidiles o b Jugw
05 g oLiilo S sty b3 £ 55

CuaS g oo (59L3 b jl ool L (Pramanik et al., 2020)
Sathiyabama & Manikandan, ) sl (50580 1) 4blS cuas
e el Voo LY o5lil Ly (o0lge laicds dlgegili (2021
(ool e g1 Sigdioe ol G g ol D)l (e & g e
Phlie ymienn U § aily o &5 03 (63150 il )34il
o (SLa3sS 4 Cond gyt (2 g 1md J))5 olS s
bl g man ol Sh oS loydgil I eolinel sl ails
ol 5 YU (635,55 5 Ol ccwslio 6 ks J> bl 350
- g e pole 2l (Rl cuw 1) 1) 0ud S
JUisl s ola (Pf polie (2, (gilulay pogdle &5 (5bo
Ekim et al., ) 5,5 o plosl cgpwas 55 S Gayb 5l g
i 2Ll sy g Wa e oLS 3 g )y @l 3536 (2024
Olyedn Db oo GlalS Sl b 9 Sujdsiee sla Sy 5
Sialil cely Sly3gl o 0us i)l b gl ) edm > Jlto
I8l Sl oy Gl ok (il Sleojer o 4
90)5 S ol el (Sutd g 5 ()9 dgntp Bl g Ay Jsbo
2 0LS 3y gt yxie oo )3 9 0 b IS (slyie
059l (Afshari et al., 2021) K55 o &Y amo jl (5 b
by Gl (gl g jlae b S5l g (i Sl olge )8
Ot $5ygliS PSS e 50 S5 ey UL L 5 0l
A P ] oy 03le Sy (S 33,5 (0 Cgune
ol H5 5w ;b L 4S 039 (S b wwg]
olis calisee gla gy (Narasimhamurthy et al., 2022)
@l sl 5T clled Gl cage oligs 18 &S Lol
e g (i (elSslS 9 5L 39) i) (k0 madgulie
290 ol &5 33,5 (oo 5 Ll 5> ()39t JUSl g S 3500
Balusamy et al., ) 555 0 0L 5y Slas g 4y 500 > g0
5 s sl ok Sl sy plises s )l (2022
yolis Sl (B enld e ()b 5l g ooy (il ) (e
s9-bans (65)gliS Y giae CieS 9 CaS 39t ) (218
» (Mehmood et al., 2020) 355 o z38lg 5o (¢ pSaix
dySlos 1 S Gldgl il 3l L)l jelaieds (sladlllas
Loy ors sl clasuio 5 obodon Lo Shy
aS b ol ( Sid s cos (Phaseolus vulgaris L.)

Syt el g b |y (Sid Lis Il liens @lydgl 5,8



weo| Ae[d Apues

81 Pt S6'L §9T 9€'85¢ 88 160 el 69T Lz 91 LS 0
¥ S "Sw
() (. usp) nd (,-Bratow) il I o (,343) (%) sutod %) S ws purg ampxoL
i od Apdeded s3ueydxa uone)) i & udBonu B0, Sunpa JuduruLdg Aypaeded pparg P 2 = N
auedio . . (e T e aAquqIosqy 2Aqeq0sqy 60 o o Kot g e (5 0 -0 aeo
e (P s a6 el e e g Srey Sy RS bl o ¥ : qlen ¢

e bolols ity a8 g (0S5 0 o dguge oyl y)oD 9 O poslg

YAQ

PAINPUOD SEM JUIWLIAXD Sy} 194 M 10§ 91} J0 Santadoad fearwdyd pue [edaisAyd swog -| dqe |,
P f- K sobonm ¢ € o q 0 o |9 (i



VFoB oyl Foylouds IA alor (6359l ol pgu g pits Y4

Stoddly (1l 9 YE+ ¢ 9 YYAR Wiy Jguad ;3 aildle (Sui,L IS g dilalo (glod (1Sl —Y Joua
Table 2- Average monthly temperature and total monthly precipitation during the 2020 and 2021 growing seasons and the
long-term average

J Shwl  dyepd Cudgmdyl S g
Year March  April May June  July
Slale sled u‘iL.,o
Average monthly temperature ("C)
2020 7.8 11.8 19.01 24.2 28
2021 8.74 16.29 21.26 27.21 28.26
Ao 59 oeSlee 8.27 14.05 20.18 2571 28.13
Two-years average
o) ol 8.32 115 18.35 249 2785
Ten-years average
dlale (S35l ggoe
Total monthly rainfall (mm)
2020 49.94 63.3 12 2.6 0.1
2021 32.92 12.01 13.33 0.01 3.1
Al 5o oeSlee 41.43 37.66 12.67 131 1.60
Two-years average
) e 36.33 48.05 29.2 295 0.25

Ten-years average
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3- BBCH stage 64: Full flowering (approximately 50%
of flowers open)

4- BBCH stage 71: Beginning of pod development (first
pods have reached their final size)
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1- Degree of Deacetylation
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Fig. 1- Characterization of chitosan and chitosan nanoparticles: FT-IR (a), XRD (b), SEM (c), and TEM (d) spectra/images.
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Fig. 2- Camelina RWC influenced by irrigation conditions and fertilizer sources.
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C: control, CF: chemical fertilizer, BF: growth promoting bacteria, CS: chitosan nanoparticles, 50% CF + BF: 50% chemical

fertilizer + growth promoting bacteria, 50% CF + CS: 50% chemical fertilizer + chitosan nanoparticles, BF + CS: growth promoting
bacteria + chitosan nanoparticles, 50% CF + BF + CS: 50% chemical fertilizer + growth promoting bacteria + chitosan nanoparticles.
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Fig. 3- Camelina SPAD index influenced by irrigation conditions and fertilizer sources.
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C: control, CF: chemical fertilizer, BF: growth promoting bacteria, CS: chitosan nanoparticles, 50% CF + BF: 50% chemical

fertilizer + growth promoting bacteria, 50% CF + CS: 50% chemical fertilizer + chitosan nanoparticles, BF + CS: growth promoting
bacteria + chitosan nanoparticles, 50% CF + BF + CS: 50% chemical fertilizer + growth promoting bacteria + chitosan nanoparticles.
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Table 3- Effect of fertilizer sources on chlorophyll a, chlorophyll b and carotenoid content of camelina
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C: control, CF: chemical fertilizer, BF: growth promoting bacteria, CS: chitosan nanoparticles, 50% CF + BF: 50% chemical

fertilizer + growth promoting bacteria, 50% CF + CS: 50% chemical fertilizer + chitosan nanoparticles, BF + CS: growth promoting
bacteria + chitosan nanoparticles, 50% CF + BF + CS: 50% chemical fertilizer + growth promoting bacteria + chitosan nanoparticles.
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Fig. 4- Chlorophyll 2 content of camelina under different irrigation conditions.
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Fig. 6- Carotenoid content of camelina under different irrigation conditions.
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Fig. 7- Camelina malondialdehyde influenced by irrigation conditions and fertilizer sources.
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C: control, CF: chemical fertilizer, BF: growth promoting bacteria, CS: chitosan nanoparticles, 50% CF + BF: 50% chemical

fertilizer + growth promoting bacteria, 50% CF + CS: 50% chemical fertilizer + chitosan nanoparticles, BF + CS: growth promoting
bacteria + chitosan nanoparticles, 50% CF + BF + CS: 50% chemical fertilizer + growth promoting bacteria + chitosan nanoparticles.
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Fig. 8- Camelina seed yield affected by irrigation conditions and fertilizer sources.
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C: control, CF: chemical fertilizer, BF: growth promoting bacteria, CS: chitosan nanoparticles, 50% CF + BF: 50% chemical

fertilizer + growth promoting bacteria, 50% CF + CS: 50% chemical fertilizer + chitosan nanoparticles, BF + CS: growth promoting
bacteria + chitosan nanoparticles, 50% CF + BF + CS: 50% chemical fertilizer + growth promoting bacteria + chitosan nanoparticles.
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